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PREFACE

This volume is the first of six appendix volumes to Technology and the American Economy,
the report of the National Commission on Technology, Automat 5on, and Economic Progress. The
full series of appendix volumes is as follows:

I. The Outlook for Technological Change and Employment
II. The Employment Impact of Technological Change

c) III. Adjusting to Change
o IV. Educational Implications of Technological Change
o V. Applying Technology to Unmet Needs
0 VI. Statements Relating to the Impact of Technological Change

This volume contains seven studies dealing with the outlook for technological change and em-
ployment, prepared by independent experts at the request of the Commission.

Part I, on the employment outlook, consists of two studies. The first is a 10-year projection of
manpower requirements by occupation and by industry prepared by the Bureau of Labor Statistics.
In the second study, George Perry has analyzed the growth prospects and the state of fiscal policy
in the United States economy as of mid-1965. His analysis of the fiscal actions required to bring
unemployment to targets of 4 percent and 3 percent by 1567 and 1968 has been outstripped but not
faulted by subsequent events.

Part 2 of this volume, on the technological outlook, consists of five studies. Paul Armer describes
the present state of the computer art and gives a solid basis to speculation about future developments
in the general use of computers. Merril Flood provides a similar perspective in the more specialized
art of information processing networks. Tom Stout examines the state of computerization in process
control industries and finds both the number of such installations and their employment impact to
be exaggerated. Schwartz and Prenting assess the state of computerization in fabricating industries
with similar results but with notation of the rapid growth of numerical controls in machining. Exploring
for ways to project future productivity, the Bureau of Labor Statistics assessed the possibility of
using the productivity of the most advanced plants in an industry as an indication of the average
productivity likely in the industry at some future point. Though more study is needed, it did appear
from a limited number of case studies that a 7-year "catch-up" was involved which might be usable
for forecasting purposes.

Additional studies prepared for the Commission are contained in Appendix Volumes II, III, IV,
and V. Appendix Volume VI contains a group of statements by various interested organizations and
individuals in response to a request from the Commission for their views on the impact of technological
change.

Though the Commission does not necessarily endorse the information and views in these documents,
it considers them of sufficient value to have directed their publication.

This volume was edited and prepared for publication by Judith Huxley.

GARTH L. MANGUM,
Executive Secretary.
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PREFACE

This report presents the findings of a study of the Nation's manpower requirements
to 1975. This study was conducted by the Bureau of Labor Statistics at the request
of the National Commission on Technology, Automation, and Economic Progress, and
is an outgrowth of the Bureau's continuing programs of research on future manpower
requirements and resources, and on the impact of technological change on employment.
The study was prepared in the Bureau's Office of Manpower and Employment Statistics,
Harold Goldstein, Chief.

The study which comprises this report was carried out in the Bureau's Division
of Manpower and Occupational Outlook, under the supervision of Sol Swerdloff, Chief.
General planning, direction and coordination of the study was done by Howard V.
Stambler, Special Projects Director. Allan F. Salt supervised the preparation orthe
sections on industry and occupational projections, assisted by aussell B. Flanders,
William J. Kelley, and Joe L. Russell. The multiple regression analysis used as the
preliminary framework for the industry and occupational projections was developed
by James W. Longley.

This report makes extensive use of research conducted as part of other programs
of the Bureau of Labor Statistics. Projections of the labor force were prepared by
Sophia Cooper, Chief, Division of Population and Labor Force Studies, with the
assistance of Denis Johnston (see "Labor Force Projections for 1970-80," Monthiy
Labor Review, February 1965). Information on trends in output per manhour and
on technological trends in major industries was provided by the Office of Productivity
and Technological Developments, Leon Greenberg, Chief. Especially valuable was
information collected in connection with that Office's Tecknologwa2 Trends in
Major American Industries (BLS Bulletin 1474), prepared under the direction of
Edg.ar Weinberg, Chief, Division of Technological Studies, assisted by John Macut
and John Shott. Extensive use was also made of information on the occupational com-
position of industries prepared by Harry Greenspan, James Metcalf, and Robert Demp-
sey of the Division of Occupational Employment Statistics, Robert B. Steffes, Chief.
Additional information was derived from preliminary projections of the U.S. economy
to 1970 developed by the Division of Economic Growth, Jack Alterman, Chief, as part
of the Interagency Growth Study Project. The Interagency Growth Study Project,
which has as its major objective the development of an analytical framework for explor-
ing the implications of alternative assumptions regarding rates and patterns of lemg-
term growth on a number of importanteconomic problems, uses an input-output matrix
as a basic methodological tool m tracing the impact of changes in final demand on
industry output and employment.
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America's Industrial and Occupational Manpower
Requirements, 1964-75

Introdiction

In line with their assigned responsibility to
identify and describe the impact of technology and
economic change on employment, including new
job requirements and the major types of worker
displacement, both technological and economic,
which are likely to occur durmg the next 10 years,
the National Commission on 'Technology, .Auto-
mation, and Economic Progress in mid-1965 asked
the Bureau of Labor Statistics to prepare projec-
tions of manpower requirements in 1975 by indus-
try and occupation and for certain specified groups
a workers. In response to that request, the
Bureau of Labor Statistics conducted the study
which comprises the following report.

The report is divided into five major parts.
Part I presents a discussion of the assumptions
underlymg the projections of industry and occu-
pational requirements. It also presents a brief
description of the methodology used to develop
the projections and explains the limitations of
the resulting projections.

Part II presents projections of each industryrs
manpower requirements in 1975. Past trends in
employment are discussed, and projections of
manpower requirements to 1975 are presented
along with a discussion of the factors expected to
influence future manpower requirements. At :the
request of the Commission, each statement includes
a brief description of the significant technological
changes expected to influence employment in the
years ahead. Part II also contains a discussion
of how economic conditions (as measured by the
level of unemployment in the economy as a whole)
affect differently the individual industry divisions.

Part III presents the projections of manpower
requirements in 1975 for the major occupational
groups and for a selected list of individual occupa-
tions. Like the industry statements in Part II,
each occupational statement provides information
on past trends in employment, presents the pro-
jections of manpower requirements to 1975, and

discusses the factors affecting the occupation.
Each statement also includes a description of the
impact of changing technology on future employ-
ment requirements.

Part IV presents a summary discussion of the
factors which influence occupational and industry
requirements in the American economy as a whole,
including different rates of employment growth
among industries, population growth, government
expenditures institutional factors, and automation
and other iechnological changes. The factors
underlying past occupational changes are ex-
amined, and, for illustrative purposes, the impact
of past technological changes on occupational em-
ployment in several industries is discussed in
detail.

Part V illustrates the effect of the projected
occupational requirements on important sub-
groups of the labor forcenonwhite workers,
younger and older workers, and women. Utiliz-
ing the occupational_projections for the broad
groups presented in Part III, the effect of the
Nation's changing occupational structure on the
opportunities for nonwhites is illustrated, first on
the assumption that nonwhite occupational "pene-
tration rates" will remain at 1964 levels, and,
second, on the assumption that they will change
at the rate at which they have changed in recent
years. The resulting estimates are then compared
with preliminary projections of the nonwhite
labor force, in order to evaluate the implications
of the Nation's changing occupational structure
for eMployment of nonwhite workers. Part V
also shows what the effect of the changing occupa-
tional requirements would be if the age and sex
distribution of occupations were to be the same
in 1975 as in 1964. This includes a comparison
of the illustrative projections of occupational re-
quirements in 1975 by age and sex with the supply
of workers likely to be available at that time.

1-9



I Summary

Projections of the manpower requirements of
the United States to 1975, under the assumption
that the unemployment rate will be 3 percent, as
suggested by the Icational Commission on Tech-
nology, Automation and Economic Progress, lead
to the following major findings :

1. Given the projected growth of the labor
force, the assumptions made imply that 88.7 mil-
lion persons would be gainfully employed in 1975,
18.3 million more than in 1964an average in-
crease of nearly 1.7 million annually in this 11-year
period. (This compares with an average annual
increase of 1.1 million attained from 1960 to 1965,
and 1.8 million from 1964 to 1965.)

2. While it is possible to assume a variety of
patterns of economic growth, depending on shifts
in investment and consumer expenditure patterns
and changes in emphasis in Government pro-
grams, the type of economy projected in this re-
port is one characterized by an extension of the
basic patterns which developed in the postwar
period. Farm employment is expected to decline
by about 1 million; all other employment is ex-
pected to increase by over 19 million. For non-
farm "goods producing" industriesmanufactur-
ing, mining, and constructiona moderate in-
crease in manpower requirements of about 17
percent is projected, a rate of increase somewhat
faster than that which occurred in the 17-year
period, 1947 to 1964. Requirements in the "serv-
ice producing" sector as a wholetrade, finance,
government, services, and transportation and
public utilitiesare ex d to increase mo
rapidly, by 38 percent, St re

mewhat faster than
over the past 17-year period. Among these fast-
growing service-producing industries, the only
one expected to have only a small increase in re-
quirements is transportation and public utilities;
in this industry, a reversal of the downward trend
of the past 17 years is expected.

3. The effect of these industry trends will be to
continue recent changes in the industrial composi-
tion of the economy. Government and services
will increase sharply as a percent of the total ; con-
struction and tra4e will also increase their share.
On the other hand, the relative importance of
manufacturing and transportation and public
utilities will decline slightly, and the relative size
of agriculture and mining will continue to decline
sharply. Taking the broad "goods" and "serv-
ices" sectors as a whole (and including agriculture,

with its self-employed as well as its wage and
salary workers, in the former), the goods sector
will decline from about 41 percent of all jobs in
1964 to 36 percent in 1975 ; the service sector will
increase its share of manpower requirements from
59 to 64 percent. (If self-employed persons in
nonagricultural industries were added to the
above comparison, the services sector would have
a slightly larger share in both years.)

4. 'rhe occupational requirements of the econ-
omy will change substantially as a result of both
the differential growth ratei of industries and the
technological developments affecting the occupa-
tional requirements of each industry. Concern
has been expressed that the impact of technologi-
cal and industrial change will drastically curtail
employment opportunities for less-skilled workers.
The major coneasion of this study, which takes
into account every tecknolopical change in. Ameri-
can inductry that can be dentified and makes a
careful appralial of its potential effect on em loy-
ment, is that the overall demand for 1e88-8
workers will not decrease over this 11-year period,
although it will decline somewhat o.49 a percentage
of the total. Needs for nonfarm laborers in 1975
will be roughly the same as in 1964, although they
will decrease from 5.2 to 4.2 percent of total man-
power requirements. More than 3 million addi-
tional service workers will be required, and their
share of total jobs will rise from 13.2 to 14.1 per-
cent. Nearly 2 million more operatives will be
neded ; their share will, however, decline from 18.4
to 16.7 percent. An overall decline of more than
900,000 in the employment of farm workers is ex-
pected (mostly among farm owners rather than
farm laborers), and the share of farm jobs in the
total is expected to decline from 6.8 to 3.9 percent.

The greatest increase in requirements will be
for professional and technical workers. more than
41/2 million additional personnel will be required,
an increase of 54 percent. The white-collar group
as a whole is expected to expand by nearly two-
fifths, and to constitute 48 percent of all manpower
requirements in 1975. The blue-collar occupa-
tions are expected to expand at less than half this
rate, and will constitute 34 percent of all require-
ments. A rapid expansion in requirements for
service workers is anticipateda 35-percent in-
crease in employment, bringing this group to
about 14 percent of the total.
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5. These changes in occupational requirements
have significant implications for certain groups in
the labor force.

Nonwhite workers are disproportionately con-
centrated in less-skilled occupations that now
have higher-than-average unemployment rates and
that are not expected to grow as rapidly as the
more-skilled occupations. If nonwhites do not
gain access to white-collar and skilled jobs at a
faster rate than they have in recent years, they
will continue to have more serious unemployment
problems than their white fellow-citizens.

Y oung workers, another group with high un-
employment rates, are also concentrated m the
slower growing less-skilled occupations. The sup-
ply of young workers will grow faster in the next
decade than the labor force as a whole. If we are
to avoid continued high unemployment rates for
youths, industry may have to take such steps as

lowering the minimum age at which they hire
workers for certain occupations, using younger
workers as aids or assistants to the relatively more
scarce mature and experienced workers, or promot-
ingthem faster to more-skilled jobs.

W omen workers, on the other hand, although
they, too, are increasing faster than the labor force
as a whole, are already concentrated in the more
rapidly growing white-collar occupations. If no
changes take place in their proportionate share of
jobs in the various occupations, they will have no
more serious employment problems than they now
have. However, men are increasingly competing
for some of the jobs women have traditionally
held in such occupations as teaching, social work,
and library work. If this contmues, women
workers may have to find additional employment
outside the occupations in which they have tradi-
tionally predommated.



PART I. ASSUMPTIONS AND METHODOLOGY

The industry and occupational projections pre-
sented in this report result from the Bureau of
Labor Statistics' continuing program of research
in future occupational and md-ustry manpower
requirements and resources. The occupational
outlook program of the Bureau, under which the
projections were developed, stemmed originally
from the report of the Advisor,' Committee on
Education appointed by President Roosevelt,
which in 1988 recommended that an occupational
outlook service be set up in the Bureau of Labor
Statistics to make studies and provide informa-
tion for use of individuals choosing a career, and
for the use of those responsible for planning edu-
cation and training programs. Since its incep-
tion, the occupational outlook program of the
Bureau has produced hundreds of bulletins,
studies, and reports on the Nation's manpower
needs and resources. (For a selected listing of
publications, see Counselor's Guide to Occupa-
tional and Other Manpower Information.An
Annotated Bibliography of Selected Government
Publications, BLS Bulletin 1421, November 1964.)

In its two and a half decades of industry and
occupational research, the Bureau of Labor Sta-
tistics has systematically accumulated and ana-
lyzed manpower information on such topics as
employment trends for major industries and for
most major occupations, and on the many factors
affecting employment; employment effects of a
great many long-term programs of Government
agencies, including those for defense, highways,
scientific research, space technology, medical care,
and education; and changes in industry and occu-
pational requirements as thoy have been affected
bv these factors and by changing technology.
The projections presented in this report reflect
and stem not only from this continuing program
of occupational outlook research, but also from
the Bureau's program of research on productivity
and technological developments. It should be
noted that although projections for many of the
occupations and industries covered in this report
have been published by the Bureau of Labor Sta-
tisticsmany of them fairly recentlythe projec-
tions presented here reflect a comprehensive and
up-to-clate reevaluation of the Bureau's occupa-
tional-industry projections.

Projecting future manpower requirements is a
difficult and hazardous task. Manpower require-
ments can be affected by a great variety of
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possible events : new scientific discoveries and in-
ventions, national and international political and
social developments, natural catastrophes, and the
vagaries of consumer preferences. Even if these
influences were all that had to be considered, the
task would still be difficult, since our knowledge
of past economic and manpower trends and of the
forces governing their interrelationships is incom-
plete and imperfect. In order to fully understand
these projections, it is necessary to examine the
assumptions which underly them and the method-
ology through which they were produced. The
following sections of Part I provide such an
examination.

Assumptions

Perhaps the most significant determinants of
any manpower projection are the basic assump-
tions describing the expected nature and compo-
sition of the economy in the target year, in this
case, 1975. Thust in using the manpower proiec-
tions developed kr this report, the underlying
assumptions should always 13e borne in mind.

A major group of assumptions underlying the
projections is that relating to the level of economic
activity in 1975. The size and composition of the
labor forceone determining factoris assumed
to change by 1975 as projected by the Bureau of
Labor Statistics in the February 1965 Monthly
Labor Review.' These projections indicate that
the total labor force in 1975 will be 94.1 million.
Since the target year 1975 is assumed to be one
of peacetime conditions, similar to those immedi-
ately prior to the Vietnam buildup, the assump-
tion as to the size of the Armed Forces in 1975
2.7 millionrepresents no significant change from
the number of persons in the military services in
1964. The net result Qf the utilization of these
assumptions is that the civilian labor force is
projected at 91.4 million in 1975.

A.nother major assumption in the group is that
on the level of unemployment in 1975. At the
explicit request of the National Commission on
Technology, Automation, and Economic Progress,
the basic set of assumptions developed for this
report assume an unemployment rate of 8 percent
in 1975. However, since industries and occupa-

1 "Labor Force Projections for 1970-80," Monthly Labor Re-
view, February 1965. These projections were adjusted upwards
to reflect the larger labor force under 8 percent level of unem-
ployment.

-
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tions are affected differently by cyclical factors
(for which the rate of unemployment may be a
proxy) , Part III provides, for illustrative pur-
poses, an indication of which broad industry
groups are most affected by changes in the business
cycle as reflected in varying levels of unemploy-
ment, so that the reader interested in the implica-
tions of alternate assumptions can make the
appropriate allowances.

Given the above assumption, 88.7 million of the
91.4 million civilian workers will be employed in
1975. (A more detailed discussion of civilian
employment in 1975 appears in Part II.)

Other major assumptions which underly the
projections in this report are : (1) that there will
be no war or other cataclysmic event which would
substantially alter the rate and nature of economic
growth ; (2) that National Security expenditures
in 1975 (excluding space) will not be significantly
different from what they were in 1964 (in dollar
terms) ; (3) that economic and social patterns and
relationships in our society, including patterns of
consumption, will continue to change at about the
same rate as they have in the recent past ; and
(4) that the scientific and technological advances
of recent years will continue and that research and
development expenditures will continue to grow,
although at a slower rate than during the decade
of the 1950's and early 19609s. Other more specific
assumptions underlying the demand for manpower
are discussed as they apply specifically to the in-
dustry and occupational projections.

Methodology

In developing projections of manpower require-
ments used by the Bureau in its own occupational
outlook program and expanded for this report,
different methods of analysis were used for in-
dividual industries and occupations. Varying tech-
niques are required not only because different fac-
tors affect individual industries and occupations,
but because differences exist in the amount and
quality of data available for analysis. The broad
pattern of research, however, was generally the
same hi each of the detailed industry and occupa-
tional studies, described below.

Methodology of Induetry Projeotione. In devel-
oping the industi7 projection; the factors affect-
ing employment m each industry were analyzed,
both separately and as part of an overall frame-
work. In the separate industry analyses, one of
the most significant iactors affecting employment
in each industry was the prospective level of de-
mand for the products of the industry, and the
consequent effect of changes in demand on employ-
ment. Other important factors which were con-
sidered were expected technological changes aS they
affected output per man-hour, and changes in hours
of work.
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More specifically, in .projecting the activity or
production level of an individual industry, it was
necessary to first establish the nature of the de-
mand for the industry's _products or services and
the relationship of this demand to the growth of
the whole economy. Obviously, an industry pro-
ducing products directly for consumers will have
a different type of demand function than an in-
dustry which is making raw materials to be used
as a component for further manufacturing.

An example of the analysis undertaken for one
industry may serve to clarify the procedure. In
projecting the production for steel m the analysis
of the primary metals industry, for example, con-
sideration was given to the expected increase in
population and the trend in per capita steel output.
Total requirements for steel depend on the re-
quirements projected of each of the principal
steel-using industries, such as the automol3ile, con-
struction, electrical appliances. machinery, and
containers industries ; competition with steel by
other materials such as aluminum and plastior
and the import-export balance for steel. In effect,
it was necessary to project the output of both do-
mestic and foreign users of American steel in order
to estimate total steel requirements. Future in-
dustry steel production was then translated into
overall manpower requirements by estimating
changes in man-hours per unit of output for the
industry, and malcing assumptions as to changes in
hours of work. In this industry, as in others, ex-
tensive use was made of preliminary data from
the input-output tables prepared by the inter-
agency economic growth project.

In addition to the detailed and comprehensive
analysis of each industry, a more global type of
analysis was used to check the individual industry
projections and to provide an overall framework
for the projections. The general approach fol-
lowed in the development of this framework began
with the population and labor force projections
developed 1337 the Bureau of tile Census and the
Bureau of Labor Statistics2 respectively. Assump-
tions were made as to the size of the Armed Forces,
the level of unemployment, annual hours of work,
and output per man-hour. Multiple regressions
were run which took into account past employ-
ment trends and relationships, and variables such
as unemployment, size of the Armed Forces, Gross
National Product, and population. By means of
this technique, preliminary projections of man-
power requirements were developed for each in-
dustry for which adequate historical data were
available.

The results of the multiple regression analysis
were then examined in light of the detailed indus-
try analyses previously described, and further
judgment decisions made as to the level of each
industry's manpower requirements in the projected
period. Discussions with representatives of in-
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dustry and unions also provided essential back-
ground in making these judgements, as did analyses
of trends and projections for the economy as a
whole or for individual industries made by other
!groups, such as the National Planning Association,
Stanford Research Institute, State and local gov-
ermnent agencies, and universities. Other research
currently being conducted in the Bureau of Labor
Statistics by the interagency economic growth
project and the Office of Productivity and Techno-
logical Developments also contributed to these
final judgments.

The nature and significance of the projections
included in this report reflect directly the method
used. It is possible to posit a variety of patterns
of economic growth for the United States, each
consistent with an aasumption of high levels of
employment. The same total of employment might
be attained, for example, by a variety of combina-
tions of consumption expenditures, private invest-
ment, and governuent expenditures. For many
purposes, it would be useful to explore the impli-
cations of alternative combinations for manpower
requirements, and the Bureau of Labor Statistics
is making such studies. The present projections
reflect an economy in which the patterns of eco-
nomic growth follow the broad trends of the post-
war period, and in which relationships between
such basic variables as consumption, mvestment
and Government expenditures are most like those
which have obtained in jeears when levels of em-
ployment were high, with allowance for long-term
trends in these relationships. More specifically,
the projections reflect a gross national product of
about $1 trillion in 1975 (in 1964 dollars) , with
a somewhat more rapid growth in gross private

idomestic nvestment than m personal consumption
expenditures or Government expenditures.

Methodology of Occupational Projection& The
starting point in most of the studies of future oc-
cupational requirements was an analysis of the
factors affecting the demand for workers in the
occupation, and an assessment of how these fac-
tors might operate in the future. Occupational
employment is affected by a host of factors. Tech-
nological change is most often discussed as the fac-
tor affecting occupational employment, but occu-
pational changes are influenced by other factors,
such as growth in population and its changing age
distribution, government policies, institutional
factors, or by the relative supply of workers in
other occupations. Also influencing occupational
employment are changes in the total demand for
the product produced by the industry employing
the workers, changes in the levels of income and
distribution of income among consumers, industry
and government, and changing patterns of con-
sumption. (A more detailed discussion of these
factors appears in Part IV.)

It is apparent, in view of this multitude of he-
tors, that no one technique can be used successfully
to project manpower requirements in all occupa-
tions, or, for that matter, in all industries. The
growth and decline of each occupation is affected
by its own complex of factors. The number of
teachers required, for example, is affected by the
number of pupils to be taught (which in turn is
related to birth raths and trends in the proportion
of children at each age who attend school) and by
trends in the ratio of teachers to pupils, which
depend upon educational practices and available
financing.

Projections of requirements for engineers, as
another example, require consideration of entirely
different factors, such as the growing utilization
of technical personnel, the increasing technological
complexity of industrial products and processes,
changes in the level and composition of expendi-
tures for defense, and growing research and devel-
opment activities. Requirements for automobile
mechanics were related to the projected number
of new automobiles and accessories and the age'
of existing automobiles ; requirements for radio
and TV repairmen: to the number of radios and
TV's sold, and their age and complexity. Thus,
the occupational projections which are presented
in this report were based on an analysis of the
apecific factors most closely related to the demand
for that occupation. However, they also took into
account the overall framework of future industry
manpower requirements.

Projections of occupational requirements were
also developed through the use of the occupational-
industry matrix program currently being devel-
oped in the Bureau. In the matrix program, oc-
cupational patterns for detailed industries were
developed for a current year, projected to 1975,
and then applied against the overall industry pro-
jection framework. The preliminary occupational
projections resulting from the application of occu-
pational patterns to industry totals were then ana-
lyzed and compared with the occupational projec-
tions developed independently. In general, the
final projections presented in this report are based
on judgment as to the affect of demand factors on
specific occupations.

It should be noted that the projections in this
report were developed without taking into ac-
count explicitly limitations in the future supply of
personnel. Thus, they represent the Nation's re-
quirements for workers in 1975 under the stated
assumptions ; they are not predictions of what em-
ployment actually will be in that year. Obvious-
ly, these industry and occupational requirements
can be fulfilled only if an adequate supply of work-
ers with the needed skills becomes available.

It should be noted also that the occupational
and industry statements show only the net increase
in manpower requirements anticipated by 1975.

e
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No attempt has been made to include estimates of
the number of workers who will be needed to fill
job openings created by deaths, retirements, and
transfers out of an occupation or industry. In
many cases, more workers will be needed to fill po-
sitions left vacant because of deaths, retirements,
and transfers than will be needed to staff new po-
sitions created by growth in requirements. Even
in those industries or occupations in which man-
power requirements are expected to decline in the
years ahead, large numbers of workers will be
needed as a result of attrition ofexperienced work-
ers. In studies designed to estimate needs for ed-
ucation and training, the Bureau makes allowance
for these factors.
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Another point for readers to bear in mind is that
the projections of requirements in 1975 are meant
to apply only to the overall long-run period begin-
ning in 1964 and ending in 1975. The reader is
cautioned against interpolation between the 1964
and 1975 figures to derive estimates for any other
year. Similarly, the use of the target year 1975

is not meant to imply that the projections of re-
quirements will be realized in that year and that
year only, and regardless of the cyclical conditions
which prevail at that time. The projections are
thus meant to apply to a year in the mid-1970's
when the stated assumptions correctly describe the
state of the economy.



PART II. PROJECTIONS OF INDUSTRY MANPOWER
REQUIREMENTS IN 1975

As indicated in the introduction, the projections
of manpower requirements developed in this report
are based on a labor force of 94.1 million workers
in 1975, and assume that the size of the Armed
Forces will be 2.7 million in that year. Subtract-
ing the Armed Forces from the total labor force
results in a civilian labor force of 91.4 million
workers. Utilizing the assumption of 3 percent
unemployment in 1975 set down by the National
Commission on Technology, Automation, and Eco-
nomic Progress, total employment requirements
in the United States in 1975 will be 88.7 million, an
increase of 26 percent over the 70.4 million work-
ers employed in 1964. This projected increase in
requirements reflects both the expected growth in
the labor force and the added rise in employment
involved in reducing unemployment from the 5.2
percent level in 1964 to the assumed 3 percent
level in 1975.

The following discussion describes anticipated
future manpower requirements in the economy, in-
cluding those in agriculture, and for self-employed
workers, unpaid family workers and domestic
workers, all of which are based on Census counts
of people and the individual industry, projections
based on the Bureau of Labor Statistics counts of
jobs for wage and salary workers. Part II also
presents detailed statements on past employment
trends and projected requirements for wage and
salary workers in each one- and two-digit SIC in-
dustry in the economy, including a description of
the factors affecting employment. A discussion
of the impact of changing technology ends each
statement. Part II concludes with a brief discus-
sion of how broad industry groups are affected by
general business conditions, as reflected in the level
of unemployment in the economy as a whole.

Total Employment Requirements in 1975

Despite the overall increase of more than one-
quarter in total manpower requirements, not all in-
dustries are expected to share equally, if at all, in
this anticipated growth, and major changes in the
industrial distribution of employment are expected
by 1975. Manpower needs in agriculture are ex-
pected to continue to decline between 1964 and
1975, even under conditions of a generally full
employment economy. Underlying the long-term
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decline in farm employment will be the continued
rise in output per worker as a result of the in-
creased use of machinery, fertilizers, feed addi-
tives, pesticides, and other technological advances.
The continuing decrease in the number of farms
particularly the small, low-income-producing
unitswill also contribute to the decrease in the
number of farmers. And further mechanization
may result in a decrease in the number of hired
farmworkers, despite the continuing increase in
large farms. As a result, between 1964 and 1975,
agricultural employ,ment is projected to decline by
more than one-fifth. (21 percent), falling from 4.8
million in 1964 to 3.7 million in 1975a significant
decline but nonetheless a slowing of the rate of
decline of the post-World War II period. (See
table 1.) (A more detailed discussion of man-
power requirements in agriculture appears later
m Part IL)

In contrast to the decline in agricultural man-
power needs, the projections for 1975 show a rise
m total manpower needs in the nonfarm economy
of nearly one-third (29 percent). By 1975, non-
farm manpower requirements are expected to in-
crease by more than 19 million over the 65.6 million
workers employed in 1964. Most of the increased
nonfarm manpower needs will be in wage and
salary employment, which is projected to rise
at a slightly faster rate than total nonfarm em-
ployment. Requirements for nonfarm wage and
salary workers are expected to rise from 56.1 mil-
lion in 1964 to 73.4 million in 1975. The number
of other workers (domestics and self-employed
and unpaid family workers) is expected to increase
over the 11-year period also, but at a somewhat
slower rate. By 1975, the number of these work-
ers needed may reach 11.5 million, a 21-percent in-
crease over the 9.5 million employed in 1964.

Up to this point the overall figures on farm and
nonfarm employment cited have been based on the
monthly labor force surveys made by the Bureau
of the Census for the Bureau of Labor Statistics
and represent the total nuMber of employees in the
farm and nonfarm economy, including self-
employea and unpaid family workers, as estimated
from surveys of households. The discussions of
individual industries which follow, however, are
geared to the estimates of wage and salary employ-
ment derived by the Bureau of Labor Statistics

4,
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from payroll reports and thus exclude these self-
employed and unpaid family workers. In addi-
tion, the Bureau of Labor Statistics' data on wage
and salary workers, which are derived from pay-
roll reports of employers, represent the number of
job8 in the nonfarm economy rather than the num-
ber of people, and thus count dual jobholders in
each job they hold. Because of the differences in
the way the data are collected, and because of these
dual jobholders, the count of jobs from the estab-
lishment surveys of the Bureau of Labor Statistics
has generally been 2 to 2.5 million higher thr.n the
count of people from the household surveys of the
Bureau of the Census. Thus, in order to translate
the projections of the overall number of people
(based on household survey data) into the number
of jobs (estimated from reports based on payrolls) ,
it was necessary to make an assumption as to the
difference between the count of jobs and the count
of people in 1975. On the basis of this assump-
tion, the derived projection of more than 73 million
nonfarm wage and salary employees in 1975 was
adjusted upward to 75.9 million nonfarm wage and
salary jobs in 1975. The employment trends
projected for each major industry division pre-
sented later are thus related to this projection of
75.9 million nonfarm wage and salary jobs in 1975.
(For a discussion of the differences in composition
and employment levels between the monthly labor
force surveys and the Bureau of Labor Statistics'
estimates of employees in nonfarm establishments,
see the technical appendix in any current issue of
the BLS periodical, Employment wad Earninge.)

The sections which follow present the projec-
tions of manpower requirements in 1975 for each
major industry divisionagriculture ; 2 mining;
contract construction; manufacturing; transpor-
tation and public utilities ; trade ; finance, insur-
ance, and real estate; services; and Government.
Presented first is a summary of the overall set of
projections, followed by a brief discussion of each
of the major industry divisions, and a more com-
prehensive discussion of the two-digit SIC indus-
tries which comprise each major division.

Industry Manpower Requirements in 1975

The industry projections developed for this re-
port indicate that the rate of job growth will con-
tinue to be higher in the service-producing indus-
tries than in the goods-producing industries.
Employment in the goods-producing industries
manufacturing, construction and miningrose 13
percent between 1947 and 1964, or from 18.5 mil-
lion to 20.9 million. Significant gains in produc-
tivity resulting from automation and other

2 Although a brief description of future manpower requirements
in agriculture appears earlier in Part II, a more detailed exami-
nation of future agricultural employment is also presented here
in order to provide the reader with an overview of the entire
economy.
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technological developments have permitted large
increases in output in the goods-producing
industries without corresponding increases in
employment.

Between 1964 and 1975, manpower requirements
in the goods-producing sector (excluding agricul-
ture) are expected to increase by about 17 percent
to 24.6 million. The projected increase in man-
power requirements in the construction industry
(37 percent) contrasts with a slight decline in
mining

i
(of about 3 percent). Manpower require-

ments n manufacturing are expected to rise by
about 14 percent, or at half the rate of increase for
the economy as a whole. In agriculture (not in-
cluded in the above discussion of the goods-
producing industries), employment is expected to
fall by about 21 percent.

Requirements in the service-producing indus-
triestransportation and public utilities ; trade ;
finance, insurance, and real estate ; services and
miscellaneous industries; and Governmentare
expected to continue the rapid increase of the post-
World War II period, when the number of workers
on the payrolls of these industries increased 46 per-
cent, from 25.4 million in 1947 to 37.2 million in
1964.

TABLE 1. WAGE AND SALARY WORKERS, BY INDUSTRY GROUP,
ACTUAL 1964 EMPLOYMENT AND PROJECTED 1975 REQUIRE-

MENTS

Industry group

Actual 1964
employment

Projected 1975
requirements Percent

change,
1964-75

Num- Per- Num- Per-
ber cent ber cent

All industry groups 62, 917 100. 0 79, 620 100. 0 27

Agriculture 1 4, 761 7. 6 3, 745 4. 7 21

Mining 633 1. 0 620 . 8 (9
Contract construction 3, 056 4. 9 4, 190 5. 3 37

Manufacturing 17, 259 27.4 19, 740 24. 8 14

Transportation and public
utilities 3, 947 6. 3 4, 425 5. 6 12

Trade 12, 132 19. 3 16, 150 20. 3 33
Finance, insurance, and real

estate 2, 964 4. 7 3, 725 4. 7 26
Services and miscellaneous 8, 569 13. 6 12, 275 15. 4 43

Government 9, 595 15. 3 14, 750 18. 5 54

1 Includes self-employed and unpaid family workers.
2 Less than 3 percent.
NOTE: Employment aglI7 e.5 for 1964 are adjusted to the 1964 benchmark

levels. Because of rounding, individual items may not equal totals. Pro-
jections assume a 3-percent level of unemployment in 1975.

Over the 1964-75 decade, manpower require-
ments in the service-producing industries are ex-
pected to increase by 38 percent, reaching 51.3
million in 1975. The largest increase in manpower
requirements in the service-producing sector is ex-
pected to be in Government, nearly all in State
and local government. Greater-than-average in-
creases are also expected in the service and mis-
cellaneous industries group ( a growth of 43 per-
cent), trade (33 percent) , and fmance, insurance,
and real estate (26 percent). The number of jobs
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in transportation and public utilities will show
a relatively small increase by 1975.

The industrial composition of the economy will
change significantly in the years ahead as a result
of the differential rates of growth projected for
industries. Government and the service and mis-
cellaneous industries will increase sharply as a
proportion of total industry employment. Other
mdustries whose relative importance will increase

are construction and trade. On the other hand, the
relative importance of manufacturing and trans-
portation and public utilities will decrme slightly.
Continued sharp declines in the proportion they
represent of total requirements will take place in
mining and in agriculture.

Employment trends projected for each major
industry division are discussed in detail in the
knowing sections.



Agriculture
The major factor responsible for the decline in

farm employment during the post-World War II
period was the great increase in efficiency, of farm
operations? resulting from the increased use of
power equipment and the widespread application
of scientific farming techniques on increasingly
larger farms. The average farm increased from
about 197 acres in 1947 to 325 acres in 1963, and
crop production per acre rose by about 40 percent
between 1947 and 1964. Larger farms permitted
more effective use of machines, equipment, and
chemicals.

The horsepower of tractors used on farms in-
creased by 168 percent between 1947 and 1964. In
addition, the use of trucks, specialized planting
and harvesting equipment, and electrically pow-
ered machines and equipment contributed signifi-
cantly to farm efficiency.

The application of plant nutrients to the soil
increased fourfold between 1947 and 1964. The
use of pesticides, herbicides, and improved strains
of crops also increased significantly. Improved
animal and poultry feeds, the addition of vitamins
and other food supplements, and use of antibiotics
contributed to the improved quality and quantity
of the food produced.

Largely as a result of the kinds of innovations
described above, production per farm man-hour
more than doubled between 1947 and 1964.

1 9 6 4-7 5 . Agricultural employment 3 is expected to
continue to decline in the futurefrom about 4.8
million in 1964 to 3.7 million in 1975, despite a
rise of about one-fifth in agricultural output. De-
mand for agricultural products will continue to
increase primarily as a result of growing national
and world population.

Employment in agriculture is expected to decline
for reasons similar to those in the past. The use
of electrical and mechanical power equipment will
continue to reduce farm employment. The size
of the average farm will continue to grow. The
competitive advantages of large farms will force

Summary

Agricultural employment is expected to decrease
by more than one-fifth between 1964 and 1975,
despite an anticipated rise of approximately one-
fifth in farm output. Technological change is ex-
pected to be a major factor in reducing the number
of farm workers during this period.

Employment Trends

1947-64. Agricultural employment, including
wage and salary, self-employed, and unpaid family
workers, dropped from about 81/4 million in 1947
to less than 4.8 million in 1964, a reduction of 42
percent, despite a rapid rise in farm output over
this period. Accompanying this contraction in
employment was an even more precipitous decline
in man-hours of work on farms, which shrunk
from 17.2 million hours in 1947 to 8.4 million hours
in 1964. Employment declined primarily because
of increasing application of laborsaving techno-
logical innovations and the increasing average
size of farms.

Self-employed farmers and unpaid family farm
workers, who accounted for two-thirds of agricul-
tural employment in 1964, declined by more than
50 percent over the 1947-64 period, while wage and
salary workers declined by almost 6 percent.

Employment in agriculture is concentrated in
a relatively few major types of farming. An es-
timated 6 of every 10 workers engaged in commer-
cial farmwork were employed on livestock, dairy,
cash grain, and cotton farms. The remaining
workers on commercial farms were employed on
farms producing vegetables, fruits and nuts, poul-
try, tobacco, miscellaneous farm products, and
other farm commodities. Virtually all wage and
salary workers were employed on commercial
farms, and two-thirds of all self-employed farm-
ers and unpaid family farmworkers were engaged
in commercial farming activity.

Wide variations in the rate of employment de-
cline by major farm activity are indicated by
Changes in man-hours of farm labor. For exam-
ple, between 1947 and 1964, man-hours of labor
used in the production of cotton declined by two-
thirds, compared with a one-third decline in man-
hours applied to tobacco production. The num-
ber of man-hours used in production of food and
feed grains and livestock cleclined by two-thirds
and two-fifths, respectively.

a The concept of employment requirements is less relevant in
discussing actual levels of employment in agriculture than in
most other industries. Because so many farmers own their own
farms and continue in farming even though their incomes are low
and their contribution to agricultural production for the market
negligible, real manpower requirements in agriculture have been
well below the number actually engaged in this work. The pro-
jections of employment in agriculture in this report are, therefore,
not estimates of the manpower required to produce the anticipated
level of farm output in 1975, but are projections of the number
of workers likely to be employed in agriculture.
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EMPLOYMENT AND AGRICULTURAL PRODUCTION, 1947-64

INDEX (1957-59=100)
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many operators of less-efficient, small farms 4 to sell
their holdings or divert them to other uses. The
more efficient small farm operators will enlarge
their farm holdings to take advantage of the econ-
omies of scale made possible through mechani-
zation.

Probably the only type of agricultural workers
that will increase in numbers in the future are
those who perform activities such as cropdusting,
fertilizing, or machine harvesting.5

Effects of Technological Developments on
Future Employment

Technological developments are expected to have
a significant effect on the number of workers en-

According to the U.S. Department of Agriculture, sales of
farm products on each of about 1.5 million farms produced in-
come of less than $2,500 in 1964.

5 According to the Faotbook of U.S. Agriculture MS. Depart-
ment of Agriculture, January, 1965) p. 47, nearly 400 thousand
workers are engaged in such activities.

'65

gagti, in farming during the 1964-75 period. New
and improved electrically, and mechanically
powered machines and equipment will be intro-
duced that should increase the optimum size of
farms for many crops and for livestock produc-
tion. Greater use of plant nutrients,5 pesticides,
and herbick es will perinit greater output per acre
on fewer acres in production. Use of improved
animal feeds and improved methods of feeding
will boost meat and poultry production per dollar
of expenditure. Better strains of crops, includ-
ing those less susceptible to damage by machine
harvesting, and improved breeding of livestock
also will increase farm output and efficiency.
While the overall effect of these technological
changes will reduce the number of farmworkers,

*Ibid., p. 86, states that "According to the 1959 Census of
Agriculture, 42 percent of the harvested cropland was fertilized,
compared with 87 percent in 1954. Future requirements for
fertilizer will deverop with increased population growth and
education of the farmer in better use of fertilizer products. Only
11 percent of U.S. farmers used recommended rates (of fertilizer)
in 1959 and 87 percent used none on their cash crops."
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it will increase the need for workers with training
in modern farming techniques.

Improvemenis will continue t,o be made in farm
tractors and implements. Higher powered diesel
units are gradually replacing gasoline powered
units; "liquid-petroleum" gas units have also been
introduced ; and research is progressing on fuel-
cell power. Some success has !men achieved in the
development of equipment for harvesting vege-
table, fruitt and nut crops. Materials handling
equipment is increasingly being used in conjunc-
tion with field machines, in processing and storage
of crops, and in feeding animals. In some in-
stances, automatic controls have been applied to
this equipment. The broader application of auto-
matic control technology to crop and livestock
production is likely in the fiiture.

We may expect to find greater use of electronic
data processing equipment applied to a much wider
range of farm activities in the future. It is re-
ported that computers are already being used on
some farms to handle accounting and cost control
functions. Much more widespread use of this
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equipment is anticipated because it allows more ef-
ficient management of operations.

While maehines and equipment lead to imme-
diate improvements in farm operation efficiency,
the care of cropland and grazing land determines
the longrun success of the farmer. Continued im-
provements are expected in soil nutrients, control
of insect pests and unwanted vegetation, water
control, and the prevention of erosion-0 im-
portant aspects of this care.

Technological developments are expected to con-
tinue to change the knowledge and skills required
of farmers and farmworkers. Crop, animal, and
fowl production is expected to become more spe-
cialized in the future. The farmer will be faced
with increasingly complex decisions in finance,
equipment purchase, soil conservation, crop and
livestock selection and degrees of specialization,
and manpower requirements. His employees will
no longer be hired only because of their physical
abilities, but because of their technical knowledge
and other skills.



Mining (SIC Division B)

Summary
Employment requirements in mining are not ex-

pected to change much between 1964 and 1975,
compared with a decrease of about one-third be-
tween 1947 and 1964. Technological change is ex-
pected to continue to be a factor in reducing em-
ployment requirements in mining.

Employment Trends

1947-64. In 1947, 955,000 workers were employed
in mining; by 1964, employment had fallen to
6332_000.

More than two-fifths (about 45 percent) of total
employment in mining in 1964 was in the crude
petroleum and natural gas major industry group.
Coal mining accountecl for nearly one-fourth
(about 23 percent) of total mining employment

iand most coal mining workers were n bituminous
mining. The remaining mining workers were
employed in quarrying and mining of nonmetallic
minerals, except fuels, (about 19 percent) and
metal mining (about 13 percent).

Employment in mining declined between 1947
and 1964, despite an increase in mining output.
Only coal mining experienced a decline in both
employment and output. Technological innova-
tions that raised output per worker in coal min-
ing were particularly significant because they
were introduced at a time when the industry's
total output was declining. In two major in-
dustry groupscrude petroleum and natural gas,
and mining and quarrying of nonmetallic
mineralsemployment increased between 1947
and 1964.

1964-75. Manpower requirements in mining are
expected to be about 620,000 in 1975, not much
different than in 1964, despite an anticipated sub-
stantial increase in mining output.

Employment trends for the major industry
groups within mining are expected to differ sub-
stantially because of differences in levels of de-
mand and the impact of technological develo_p-
ments. For example, worker requirements in the
mining and quarrying of nonmetallic minerals,
except fuels, are expected to increase rapidly
primarily because of the anticipated increase in
construction materials, particularly for highway
construction. A slight increase in labor require-
ments is expected in metal mining as the demand
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for ores is stimulated by growing expenditures
for consumer products, rising capital equipment
expenditures, and a continued high level of de-
fense spending.

In contrast, manpower requirements in coal
mining are expected to decline, although at a
slower rate than in the past, and requirements in
crude petroleum and natural gas establishments
are likely to remain relatively stable, despite rising
demand for the products of these industries. De-
mand for coal will be stimulated by the growing
need for fuels for industrial processmg and power.
In addit,;ion, the competitive position of coal is
likely to improve through the industry's use of
unitized trains, new and improved slurry pipe-
lines, and other modern means of mass transport
to move coal more cheaply.

Effects of Technological Developments on
Future Employment

Technological developments are expected to
have a significant effect on the number and char-
acteristics of jobs in mining through the mid-
1970's. In the crude oil and natural gas industry
group, for example, production is increasingly
being automated by means of "lease automatic
custody transfer" (LACT) systems. LACT sys-
tems automatically pump, sample, monitor, and
transfer the crude oil directly from wells through
treating facilities to transmission pipelines for
shipment to refineries. The greater use of LACT
systems in the future will red.uce demand for sta-
tionary engineers (pumpers), as well as for mine
operatives and laborers, including workers who
gage and switch oil tanks. On the other hand,
requirements are expected to increase for fore-
men to supervise workers using LACT systems
and for skilled mechanics to maintain and repair
them. Also, the use of other, more efficient, explo-
ration and recovery techniques in crude oil and
natural gas extraction will affect manpower
requirements. For example, the use of electrical,
gravimetric, magnetic, and seismic discovery
techniques, and advances in deep well and under-
water drilling techniques, should increase require-
ments for scientists, such as geophysicists, engi-
neers, and other workers skilled in the use, opera-
tion, and maintenance of increasingly complex
equipment. On the other hand, future require-
ments for mine operatives, such as roustabouts and
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roughnecks, who perform unskilled duties in drill-
ing operations, may be reduced somewhat as drill-
ing operations become more automated. Future
increases in drilling activities may result in grow-
ing demand for workers in specific occupations,
such as rotary drillers, but overall employment
requirements for production workers are not ex-
pected to increase significantly.

Techniques for mining solid minerals in both
surface (strip) and underground mines have im-
proved steadily,. In surface mining, major im-
provements include the use of more efficient blast-
ing agents, power shovels, and drilling equipment.
To move the materials mined, off-highway trucks
with capacities to 100 tons or more are being used
increasingly. In underground mining, recently
developed continuous mining machinery systems
can tear coal loose, load it on conveyors or shuttle
cars, or dump it behind to be picked up by loading
machines. An even more recent development is
longwall mining with self-advancing roof sup-
ports. In this technique, coal is cut from a face

800 to 1,000 feet ( as compared with 9 to 300 feet
in short wall mining), as hydraulically powered
roof supports advance behind an automatic cutter.
Tunnel maintenance is reduced when this mining
technique is used. The application of these and
other technological developments is expected to
accelerate in the near future, resulting in decreas-
ing requirements for mine operatives and laborers,
but increasing requirements for skilled mechanics.
Similarly, underground metal mining is increas-
ingly using equipment for automatic hoisting of
ore, rubber tired ore transporters and mobile drills,
and blasting materials that are pneumatically
loaded into blast holes rather than "stick" explo-
sives. Mine operators are achieving greater
flexibility through the use of diesel equipment in
place of electric trolley and air-powered machines.

Computers are being utilized- in the mining in-
dustry increasingly. In metal mining, for ex-
ample, periodic evaluation and review techniques
(PERT) are being used by several companies in
planning and controlling their operations. In the
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crude oil and natural gas sector, computers are
being introduced for analytical and control pur-
poses in exploration, extraction, and distribution
operations. The use of computers is expected to
increase as mines improve the efficiency of their
operating procedures, resulting in some additional
requirements for scientists, engineers, and pro-
graming specialists. On the other hand, increased
use of computer systems to monitor and control
production processes should decrease requirements
for mine operatives.

Despite the generally adverse effects of recent
technological changes on employment in the min-
ing industry, some future changes may increase
employment. For example, new benefication
techniques have been developed that make the mill-
ing of low grade mineral deposits economical.
One outstanding example of such a process makes
possible the concentration of low grade ore such

as taconite (which contains only 25 to 30 percent
iron) into high grade ore with 60 percent or
more iron content. Continued improvement of
benefication techniques can be eapected to increase
requirements for all types of mine workers as the
demand for beneficated ores increases. Demand
for workers such as chemists, metallurgists, engi-
neers, and technicians should increase because of
the complexities of these techniques. In crude oil
and natural gas extraction, teclmological changes
should increase requirements for craftsmen and
mine operatives skilled in offshore drilling _and
other relatively new recovery techniques. Ther-
mal methods are expected to be used increasingly
for secondary recovery in older fields and primary
recovery where crude oils are too heavy to be
produced by conventional methods. Also, im-
provements in offshore drilling technology should
increase underwater oil recovery activities.



Contract Construction (SIC Division C)

Summary

Employment requirements in the contract con-
struction division are expected to increase by more
than one-third between 1964 and 1975, because of
a rapid rise in construction activity. This is a
slightly faster rate of employment growth than
prevailed over the 1947-64 period. Labor require-
ments will not increase as fast as construction
activity in the decade ahead because output per
worker will continue to increase.

Employment Trends

1947-64. Employment in the contract construc-
tion division mcreased from nearly 2 million to
more than 3 million between 1947 and 1964. Em-
ployment reached nearly 3 million in 1956, but
fluctuated downward to slightly more than 2.8
million in 1961, mainly because of a slowdown in
activity and the increasing use of laborsaving
technological innovations. Between 1961 and
1964, employment and new construction activity
increased- steadily.

In 1964, almost half of the workers in the con-
tract construction division were employed by
special trades contractors; slightly more than
thirty percent were employed -by. building con-
struction general contractors; and the remainder
worked for heavy construction general contractors.

Rates of employment growth differed widely
among the three contract construction major in-
dustry, groups between 1947 and 1964. Employ-
ment increased very rapidly (about 74 percent) in
the special trades contractors major industry
group, mainly because of the increasing im-
portance of electrical, plumbing, air conditioning,
and other work usually _performed by special
trades contractors. Rapid employment growth
(about 68 percent) in the heavy construction con-
tractors major industry group was spurred by a
fourfold increase in highway construction (in con-
stant dollar terms), as well as increases in the
construction of sewer and water systems, airports,
bridges, dams, and similar projects. Employment
by building construction general contractors also
increased substantially (about 26 percent). Em-
ployment in this maior industry group rose to
more than a million in 1956 ; by 1964, however,
employment was 11 percent lower than in 1956, re-
flecting, in part, a slowdown in the rate of increase
in residential construction activity.

206-754-66vol. 1-3

19 6 4-7 5. Employment requirements in the con-
tract construction division are expected to rise by
more than one-third between 1964 and 1975, to
more than 4 million. Construction activity is ex-
pected to be stimulated by rising population and
household formations, higher levels of personal
and corporate income, a continued shift of the pop-
ulation from the cities to the suburbs, increases in
government expenditures for highways and
schools, and rising expenditures for new industrial
and commercial facilities.

Employment requirements are expected to rise
in all three major mdustry groups in the contraet
construction division; however, they are expected
to increase faster among heavy construction con-
tractors than among general and special trades
contractors. A growing volume of highway con-
struction generated by the Federal Government's
long-range highway development program is ex-
pected to be an important factor in stimulating
employment in this major industry group. Em-
ployment requirements of special trades contrac-
tors are also expected to mcrease rapidly, pri-
marily because of the trend toward multibathroom
homes ; air-conditioned homes and other buildings ;
and more extensive,wiring systems required by the
growing use of electrical appliances and ma-
chinery. A moderate

i
to rapid increase in employ-

ment requirements s expected among general
building contractors, mainly because of the ex-
pected increase in residential building spurred by
a high rate of family formation.

Effects of Future Technological Developments
on Employment

Technological developments are expected to
have a significant effect on both the number and
characteristics of contract construction jobs. For
example, increases in the size, capacity, speed, and
mobility of construction machinery will decrease
unit labor requirements for operators. Mobile
truck cranes now in use can lift 125 tons to a
height of 330 feet (equivalent to a 33-story build-
ing). These cranes can travel ove highways at
speeds up to 35 m.p.h. Other equipment being
used increasingly includes trucks that haul 100
tons of dirt, scrapers that pick up and carry 75 to
150 tons of dirt, and bulldozers with 1,000 horse-
power engines. The improved design and dura-
bility of equipment, including machmery compo-
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new construction put in place are not directly comparable with the employment data, because

maintenance and repair expenditures are not included. However, new construction put in place

reasonably reflects trends in construction activity.

nents, has improved maintenance efficiency. Many
of tb.e new machines are equipped with power
steering, power transmissions, rubber tires, and
electronic and hydraulic controls that make them
easier to handle, more maneuverable, and faster
than the older equipment. In addition, new types
of machines are being developed constantly. For
example, a recently introduced concrete paving
machine spreads, vibrates, forms, and finishes con-
crete paving in one continuous operation, replac-
ing at least four conventional machines used in
concrete paving. Other machines are beinL; intro-
duced that are designed especially for use on small
construction projects.

Less spectacular, but very significant, improve-
ments are continually being made in handtools and

other construction equipment that increase the
efficiency of construction work. Handtools that
are expected to be used increasingly include cord-
less electric drills, high-speed nailing machines,
and a power tool that can nail and drill in the same
operation. Tools and equipment now being used
by the electrician include multiple spindle drills,
more efficient conduit benders, and "kits" of splic-
ing material that have reduced the time needed
to do field insulation of cable splices. New and
improved powered equipment used by the cement
finisher include portable, powered screeds; electric
concrete vibrators ; hydraulic joint forming ma-
chines ; powered concrete cutting saws; and ce-
ment finishing machines. Improved bricklaying
machines have been introduced in recent years and,
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if their use becomes widespread, they could slow
the growth of requirements for bricklayers.
Plastering machines and spray paint equipment
have decreased the amount of time necessary to
perform some plastering and painting operations.

Material handling techniques on construction
projects are fast becoming mechanized. Items
formerly unloaded and carried to the construction
site by hand, such as concrete and brick, are now
being moved by forklift trucks, motorized wheel-
barrows, and conveyor belts,and lifted to the up-
per floors of multistoried buildings by cranes and
high-speed mechanical hoists. The more wide-
spread use of mechanical material handling equip-
ment will reduce requirements for construction la-
borers employed to do materials handling work.

The growing use of building components pre-
pared off the construction site is expected to im-
prove the efficiency of onsite operations. Often
the prefabricated components are manufactured
in factories using assembly lines techniques, but
in some cases they are prepared by the construc-
tion contractor in his sb.op or in fabrication shops
near the job site. The prefabricated components
can usually be installed as a complete unit. For
instance, factory wired switchboards, control pan-
els, raceways and "packaged" (preassembled and
prewired) ceiling units eliminate the need for
much onsite electrical wiring; thus, adversely af-
fecting requirements for electricians. Growth in
employment requirements for carpenters is ex-
pected to be limited by the growing use of floors,
partitions, stairs and roof trusses designed for
easy and speedy installation. Preassembled
plumbing "trees" are reducing the time needed for
onsite plumbing. An important extension of pre-
fabrication is "module building" in which units,
including complete rooms and buildings, are avail-
able in standard sizes. The standardization of
building components will contribute to their
greater use.
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A growing use of new and improved construc-
tion materials is expected to increase construction
put in place per construction worker. Plastics
are being used hicreasingly for a growing variety
of components including partitions, wall panels,
siding, insulation, roofing, and electrical and
plumbing devices. Carpenters, plumbers, elec-
tricians, roofers, and painters are among the
crafts that may be adversely affected by increas-
ing use of plastic products. Wood products are
increasingly expected to come from the factory
with a prime coat and even a final coat, reducing
the need for onsite painting. Improved paints,
which last twice as long as conventional paints,
also are expected to limit the need for painters.
Other new materials expected to be used increas-
ingly include adhesives that eliminate the need for
conventional fasteners, nails with improved hold-
ing properties, and lightweight plasters *ith ex-
cellent soundproofing, acoustical and fireproofing
qualities.

New construction methods will also increase
worker efficiency on construction 'projects. More
economical scheduling of operations and earlier
completion dates result from the use of computers
in work planning. Lift-slab construction tech-
niques allow concrete floors to be poured at ground
level and raised into place with synchronized hy-
draulic jacks. Walls can be processed in the same
manner and tilted into place. Curtain wall tech-
niques permit faster construction ol buildings.
Tower and climbing cranes increase efficiency in
construction of multistoried buildings. New con-
struction methods will affect the occupational com-
position as well as the number of workers in the
contract construction division. For instance, cur-
tain wall techniques tend to shift employment from
carpenters and bricklayers to ornamental-iron
workers and the use of prestressed concrete in the
place of steel beams tends to shift work from the
structural-metal worker to cement masons and
other workers.



Manufacturing (SIC Division D)

Summary

Employment requirements in manufacturing are
expected to be about 14 percent higher in 1975 than
the 17.3 million workers employed in 1964. The
rate of growth implied by the projection will be
somewhat faster than that during the 1947-64 pe-
riod., as rapidly rising levels of manufacturing
production are expected to more than offset signif-
icant increases in output per worker.

Employment Trends

1947-64. Between 1947 and 1964, manufacturing
production more than doubled while employment
increased less than 11 percent. The major factors
responsible for growing demand for manufactures
were continued growth of the population, rising
personal and corporate incomes, an increasing
number of households, and rising business activity.
Laborsaving technological innovations, more ef-
ficient management, better trained workers,
changes in occupational composition, and a variety
of other factors increased output per worker and
allowed much of the growing demand for manu-
factured goods to be met without commensurate
increases in employment.

Although manufacturing employment was
higher in 1964 than in 1947, employment did not
grow consistently upward. Employment increased
from 15.5 million in 1947 to 17.5 million in 1953,
a period of high economic activity resulting from
high demand for durable donsumer goods and new
plant equipment; large Federal expenditures for
military items ; and favorable balances in export
trade. Between 1954 and 1964, manufacturing em-
ployment fluctuated with general business activity,
but always below the 1953 level-falling as low as
15.9 million in 1958 and rising as high as 17.2 mil-
lion in 1956 and 1957. In 19647 employment in
manufacturing reached 17.3 million, surpassed
only by 1953 and 2 wartime years-1943 and 1944.
(Manufacturing employment reached an alltime
high in 1965, almost 18 million workers.)

There are two general classes of manufacturing
industries-those producing durable goods such as
machinery, furniture, and automobiles, and those
producing nondurable goods such as food, tobacco,
and apparel. The following tabulation lists the
major manufacturing industries and the propor-
tion of total manufacturingemployment accounted
for by each in 1964.
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Percent of total
manufacturing

employment
Durable goode induetriee (56. 9)
Machinery, except electrical 9. 8
Transportation equipment 9. 8
Electrical machinery, equipment and supplies__ 9. 0
Primary metals industries 7. 1
Fabricated metal 6. 9_products
Lumber and wood products a 5
Stone, clay, and glass products a 5
Furniture and fixtures 2. 4
Miscellaneous manufacturing industries

(jewelry, toys, etc.) 2. 8
Instruments and allied products 2. 1

Ordnance and accessories 1. 4

Nondurable goods industriee (43. 1)
Food and kindred products 10. 1
Apparel and related products 7. 5
Printing and publishing 5. 5
Textile mill products 5. 2
Chemicals and allied products 5. 1
Paper and allied products 3. 6
Rubber and miscellaneous plastic products 2. 5
Leather and leather products 2. 0
Petroleum refining and related products 1. 1

Tobacco . 5

Between 1947 and 1964, employment in the du-
rable goods manufacturing industries increased 17
percent and in the nondurable industries by 4 per-
cent, as production increased about 108 percent in
durables and 97 percent in nondurables,7 indicating
a somewhat faster increase in output per worker
in nondurable than in durable industries.

Changes in employment among individual
manufacturing industries varied widely between
1947 and 1964, mainly reflecting changes in de-
mand for the industries' products, in Government
policy, in research and development activity, in
imports and exports,_technological developments,
and other factors. For example, employment in
the ordnance and accessories industry increased
by over 800 percent during the 1947-64 period as
demand for military items for the Korean conflict
and later concern over defense capabilities and the
race for intercontinental missile supremacy stimu-
lated production. The complex items manufac-
tured by this industry required considerable hand
labor ; in addition, rapid obsolescence of many
items limited the application of mass production
techniques in their manufacture. Similarly, seg-
ments of the electrical equipment industry that
fabricated complex ele.otronic items for sophisti-
cated military-space products were unable to in-
troduce many mass production techniques for the
same reason.

Nevertheless, employment increased in some in-
dustries despite the existence of mass production
techniques. For example, in the chemical and

7Based on Federal Reserve Board productIon Indexes.
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allied products industry, which has utilized con-
tinuous flow process technology for years, rapidly
increasingly demand for chemical products caused
production to grow faster than output per worker.
On the other hand, employment declined in in-
dustries such as petroleum refining, tobacco manu-
factures, and lumber and wood products as tech-
nological laborsaving innovations increased output
per worker faster than production. The data in
the following tabulation show the wide range of
employment changes in. the 21 major manufactur-
ing industry groups. Percent

change
Total manufacturing 11. 0

Ordnance and accessories 815. 2
Electrical machinery, equipment, and supplies 49. 6
Instruments and allied products 38. 8
Chemicals and allied products 85. 2
Paper and allied products 84. 4
Rubber and miscellaneous plastic products 84. 2
Printing and publishing 31. 8
Transportation equipment 25. 9
Furniture and fixtures 20. 8
Fabricated metal products 20. 1
Machinery, except electrical 16. 8
Stone, clay, and glass products 18. 9
Apparel and related products 12. 8

Percent
change

Food and kindred products 3. 0
Primary metals industries 3. 7
Miscellaneous manufacturing industries 5. 8
Leather and leather products 15. 4
Petroleum refining and related industries 17. 8
Tobacco manufacturing 24. 5
Lumber and wood products 28. 7
Textile mill products 31. 4

1964-76. Manufacturing employment require-
ments are expected to increase moderately through
the mid-1970's, somewhat slower than total em-
ployment. By 1975, employment in manu-
facturing is projected to nearly 20 million, more
than 14percent above the 1964 levelan annual

irate of ncrease of 1.3 percent compared with 0.6
percent between 1947 and 1964. During the next
decade, production is expected to increase rapidly
as the result of increasmg household formations
and rising business activity.

in general, manpower requirements are expected
to continue to increase faster in the durable goods
industries than in the nondurable industries,
mainly as a result of greater increases in produc-
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tion and slower increases in output per employee
in the durable goods sector.

As in the past, chang
ies

in employment in in-
dividual manufacturing ndustries are expected to
vary widely, depending primarily on rates of
change in production and the impact of technolog-
ical change. (See appendix table A-2, p..179, for
projected employment requirements by industry
between 1964 and 1975.)

Effects of Technological Developments on
Future Employment

The increasing application of technological in-
novations to mar-afacturing processes is expected
to continue to reduce unit labor requirements in
manufacturhig.

All manufacturing 'industries will not be af-
fected equally by technological change. For ex-
ample, in some industries such changes may reduce
employment growth by increasing output per em-
ployee faster than production. On the other hand,
technological changes in other industries may
create new products and markets and increase
production and employment. In nearly all indus-
tries, technological changes are expected to affect
occupational patterns. For example, requirements
should increase for skilled maintenance and repair
workers to insure the operation of complex equip-
ment and requirements for machine tenders and
materials handlers should fall.

Most of the teclmological developments that are
expected to affect employment in manufacturing
can be included in seven broad categories : Numeri-
cal controls ; new metal processing methods ;
machinery improvements ; improved materials
handling (including layout) new and improved
raw materials and products instrumentation and
automatic controls ; and eleCtronic computers.

In the metalworking industries, more auto-
matic production is toeing achieved through
numerical control. This innovation provides a
means of automatically controlling the operation
of machine tools and certain other types of equip-
ment by means of numerically coded information
recorded in advance on punched cards, magnetic
tape or punched paper tape. Numerical control
alrea'dy is fmding numerous applications in draft-
ing, welding, and wiring operations. Expanding
use of these techniques will be an important devel-
opment in nearly all the metalworkmg industries,
but will have very limited use in the nondurable
industries.

New developments in metal processing, such as
the basic oxygen process, will continue to reduce
unit labor requirements and alter occupational
patterns in primary metals establishments.

Improvements in machinery will continue to
contribute to increased output per employee
throughout manufacturing. New and improved

models of automatic machinery, such as that used
for stamping, pressing, bottling, packaging, oi
printing will continue to be introduced. .Improve-
ments in standard machinery will contmue to bc
made by incorpo rating more powerful motors
heavier frames, simpler controls, and variabk
motor speeds.

Another important development in machine de
sign is the trend toward the integration of hithertc
separate machine operations into one large ma
chine complex that carries through a series of op .
erations with a minimum of intervention on th(
part of the machine tender. Many automati(
transfer lines have been built that integrate mate
rials handling equipment with a series of machin(
tools. Such transfer lines are applicable to th(
mass production of a varietyof products requirint
metalworking operations, including component
for automobiles, appliances, farm equipment, anc
office machinery. Machines that perform auto
matic assembly operations are also being intro
duced, although at the moment the number o:
manufacturers that can justify using automati(
assembly machines are comparatively few (gener
ally large firms in the fabricated metal products
electrical and nonelectrical machineg, and trans
portation equipment industries). However, sucl
machines are expected to be used increasingly n
the years ahead and could have adverse effects oi
the requirements for assemblers in some industries

Increasing mechanization is also occurring ii
the movement of materials, from receipt of ray
materials to the shipping of fmal products. Mor
powerful and maneuverable models of forklif
trucks,hoists, cranes, conveyors, and tractors ar

ibeing ntroduced in many industries includini
pulp and paper manufacturing, food processing
footwear manufacturing, meat packing, an
foundries. For example, in the food and foot
wear mdustries, improved conveyors and othe
materials handling equipment are being used t
move final products from the production line t
the warehouse to the shipping platform.

Pneumatic conveyors are increasingly beinl
used for moving granular materials. This tech
nique is widely applicable in baking and in th
manufacture of cement, flour, and fertilizer. Th
expanding use of improved materials handlin
equipment will primarily affect requirements fo
unskilled labor. These workers will most prot
ably be replaced by relatively smaller numbers c
semiskilled workers to operate or monitc
equipment.

The development of new products is also co
pected to affect manpower requirements in man
manufacturing industries. New products ina
create new markets and thus additional emplo3
ment requirements, shift employment from or
industry to another, modify occupational pattern
or decrease unit labor requirements. For exampl
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new synthetic fibers that require fewer mill opera-
tions than natural textile mill products may re-
duce unit labor requirements. Plastic materials,
which are readily adaptable to mechanical process-
ing, are replacing metal and wood ; therefore
resulting in an employment shift.

In many manufacturing industries, increasing
use is being made of measuring and control in-
struments and electronic computers to increase the
efficiency of continuous flow production processes.
In the food industry, computers and sensors are
being used to control the preparation of food and
other automatic equipment is increasingly being
used to grade, weigh, and package food items.
In textile mills, electronic monitoring systems and
photoelectronie devices are increasingly being
used for quality control and inspection. 'The use
of electronic controls, such as magnetic flow-
meters, is expanding in the paper industry in
connection with the industry's increased emphasis
on automatic quality control. The potential of
computers seems especially significant in the
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continuous process industries, such as paper and
chemicals, and their use is spreading into others
such as primary metals. In the chemical industry,
computers are being used to direct and control
entire production processes including automatic
testing and analysis to insure optimum .quality
control. In pulp and paper, they may increas-
ingly be used in connection with paper machines
to accelerate grade changes and prevent breaks
in the web, while providing optimum use of input
materials and greater machine productivity.

The increasing use of instrumentation and com-
puters in manufacturing will have several effects
on the numbers and types of workers employed.
Employment requirements for maintenance, tech-
nical, and supervisory workers will increase .and
requirements for production workers should
decline.

Additional information of likely effects of tech-
nological change in manufacturing industries is
included in the individual statements that follow.

Ordnance and Accessories (SIC 19)

Summary

Employment requirements in the ordnance and
accessories major industry group are expected to
remain at about the 1964 level of 247,000 workers
through 1975, assuming an international situation
In 1975 similar to that existing in 1964. In terms
of employment, labor saving technological devel-
opments are expected approximately to offset
slightly higher levels of production.

Employment Trends

194744. Ordnance employment is highly respon-
sive to changes in defense spending and since
World War II has fluctuated between 26,000 and
266,000 workers. Employment grew most rapidly

-during the Korean Conflict, rising from 30,000 in
1950 to about 234,000 in 1958. With the cessation
of these hostilities, employment declinedlbut never
below the pre-Korean level. With the mcreasing
importance of missile production toward the end
of the 1950's employment rose surpassing the
Korean high of 234,000 workers by 1961.

In 1964, about three-fourths of ordnance
workers were employed in establishments manu-
facturing ammunition, except small arms. Ninety
percent of these workers were engaged in the pro-
duction of guided missiles and spacecraft.
Slightly less than one-fifth of all ordnance
workers were in establishments making guns,
howitzers, mortars, and related equipment ; tanks
and tank components; small firearms and small

arms ammunitions; and other ordnance and acces-
sories. The remainina workers were employed in
establishments producing sighting and fire con-
trol equipment such as bomb sights, gun data com-
puters, windage instruments, aiming directors, and
sound locators.

Between 1958 and 1964 6 employment changes
among the individual groups differed widely.
Employment tripled in establishments assembling
missiles and spacecraft and in firms producing,
loading, and assembling ammunition over 30 mm.
Employment also increased by nearly one-sixth in
establishments producing guns, mortars, tanks and
tank components, small arms, and small arms am-
munition. Most of this growth was due to the in-
creased emphasis on missile and space vehicle
development, the changing kinds of materials re-
quired for fighting a "limited war," and the
replenishment of inventories. Employment de-
clined by almost two-thirds in establishments
engaged in manufacturing sighting and fire con-
trol equipment due to the increased use of elec-
tronic equipment, such as computers and radar in-
strumeuu, that is produced in other industries.

1964-75. Employment requirements in the ord-
nance and accessories major industry group are
expected to remain at about the 1964 level of 247,-
000 workers through 1975. (It is assumed that
major military assistance programs such as the
one currently being provided to Vietnam will not

*BLS employment (payroll) data for individual ordnance in-
dustry groups are not available for the years prior to 1858.
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be necessary in 1975.) Labor saving technological
developments are expected to roughly offset
slightly higher levels of production.

Effects of Technological Developments on
Future Employment

Technological developments in the ordnance
industry group will continue to increase output
per worker and affect the occupational composi-
tion of the industry.

A very important technological change affec!ing
employment in ordnance establishmmts is the
development of numerically controlled machine
tools (N/C). Tape-controlled tools are particu-
larly important in short production runs common
in prototype development of missiles and space-
craft. A. rapid rise in the number of N/C

Ernploym en t
(in 000' s)

1947
1948
1949
1950
195 1
1952

27
28
26
30
77

1 79
1953 234
1954 1 63
1955 141
1956 1 39
1957 1 40
1958 1 58
1959 204
1960 220
196 1 244
1962 264
196 3 266
1964 247

machines In use during the 1964-75 period could
substantially limit employment opportunities in
various machining occupations. For example,
employment requirements for machine tool oper-
ators may be reduced somewhat by the widespread
use of N/C machines. Requirements for highly
skilled craftsmen, such as toolmakers and setup
men, also would be reduced since fewer jigs, fix-
tures, and machine setups would be required. On
the other hand, the use of numerically controlled
machines would increase requirements somewhat
for specially trained workers, particularly for jobs
in computer operation and machine tool main-
tenance. It is possible that machining workers
skilled in the operation of conventional machines
could be trained to perform these jobs.

Automatic transfer equipment is another devel-
opment that will continue to limit employment

EMPLOYMENT IN ORDNANCE AND ACCESSORIE:i, 1947-64
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growth in ordnance. Such equipment has been
us?:1 m.creasMgly to link machining operations,
primarily M the manufacture of small arms. The
employment impact of such equipment will fall
heaviest on machine operators.

New jd3 skills will be needed by metalworkers
to form the metals that are required in missiles
and space vehicles. New processing techniques
now under development or in limited use include
new high energy metal forming methods, brazing
with new compounds; new adhesive bonding meth-
ods; welding and cutting with electronic beams;
and nonmechanical metal removal methods,
such as chemical milling and electrochemical
machining.

Computer applications in this industry, which
now range from accounting and production con-
trol to scientific and engineering computations, are
expected to have both employment reducing and
employment generating effects. Laborsavings
will occur chiefly in routine clerical work, such as
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billing, posting, filing, and maintaining records,
and in some office machine operations, such as tab-
ulating and bookkeeping. Computers will also
tend to reduce employment in certain types of
quality control and warehousing jobs as a result
of improved production standards and tighter in-
ventory control. Requirements for lower and
middle management employees also may be re-
duced because of the centralization and coordina-
tion of managerial functions. Computers, how-
ever, may extend man's capabilities and produce
conditions favorable to employment growth, espe-
cially of scientists, engineers and technicians. A
notable example of computer generated employ-
ment in this industry is in the research, design, and
testing of missiles, space vehicles, and their com-
ponents. Present successes with computers in ord-
nance research and development indicate that even
more extensive use will be made of computers in
the future to aid in the development of new prod-
ucts and processes.

Food and Kindred Products (SIC 20)

Summary

Employment requirements in the food and kin-
dred products major industry group are expected
to decline slightly between 1964 and 1975. Tech-
nological change is expected to be a significant
factor in increasing output per worker through
the mid-1970's.

Employment Trends

194744. Employment in the food and kindred
products major industry group declined from
about 1.8 million in 1947 to about 1.75 million in
1964, but the industry remained the largest em-
ployer in the manufacturing division. During
this period, the proportion of production workers
in food manufacturing dropped from nearly 78
percent to about 66 percent.

The food and kindred products major industry
group includes all establishments processing foods
and beverages for human and animal consumption.
Five industry groups accounted for nearly four-
fifths of total employment in 1964: meat products
(18 percent) ; bakery products (17 percent) ; dairy
products (17 percent) ; canned and preserved
foods, except meats (15 percent) ; and beverages
(12 percent). Employment in these five industry
groups totaled nearly 1.4 million. The remaining
workers were employed in four industry groups
grain mill products (7 percent) ; confectionery
products (4 percent ) ; sugar (2 percent) ; and mis-
cellaneous food preparations (8 percent).

205-754-66vol. I-4

Employment trends have differed somewhat
among the individual industry groups. For exam-
ple, in meat products establishmentsthe largest
food industry groupemployment rose from
about 275,000 in 1947 to about 338,000 in 1956, an
increase of about 23 percent, then declined to ap-
proximately 314,000 in 1964. Employment in the
bakery industry group, about 281,000 in 1947, in-
creased to 304,000 in 19562 before declining to
290,000 in 1964. In the dairy products industry
group, employment dropped from about 319,000
m 1958 ° to approximately 290,000 in 1964. On
the other hand, employment in the sugar industry
group was approximately the same in 1964 as in
1947.

1964-75. Employment requirements in food and
kindred products establishments are expected to
decline to about 12/3 millions, or about 5 percent,
by 19752 despite a rising demand for foocl, espe-
cially highly, processed food that needs less prep-
aration in the home, by a growing population with
higher incomes.

Employment trends for the individual industry
groups are expected to vary somewhat because of
differences in -levels of demand and the impact of
technological developments. For example, worker
requirements in the meat products industry group
are expected to decline slightly, although produc-
tion is expected to increase significantly. In con-
trast, moderate employment gains are expected in
t' canned and preserved food industry group.

*BLS employment (payroll) data for the dairy products indus-
try group are not available for the years prior to 1958.
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Many establishments within this industry group
are highly mechanized but others are smaller and
may not become highly mechanized for some time.
Growing consumer demand for geriatric, dietetic,
and other specialty foods should contribute to a
rise in employment requirements in this industry
group.

Effects of Technological Developments on
Future Employment

During the next decade, technological innova-
tions are expected to reduce unit labor require-
ments in virtually all types of food processing
establishments. Among the technological innova-
tions thig should increase output per worker are
the more widespread use of improvecl conveyor and
transfer systems to handle food in process

'
com-

puters and environmental sensors to control prep-
aration of food ; and automatic equipment to
grade, weigh, and package a greater variety of

Employment
(in 0001 s) 160

foods. In addition, the greater use of improved
materials handling systems, more closely designed
for the work situation, could reduce the number of
warehouse and shipping platform workers re-
quired. The application of electronic data
processing, particularly for accounting and for in-
formation storage and retrieval in larger establish-
ments, could limit employment opportunities for
management, sales, and especially, clerical work-
ers. Improved communications to further coor-
dinate and integrate activities among the various
functional areas of an establishment and between
geographically scattered divisions of an organiza-
tion could also limit employment opportunity.
The economies of scale made possible by improve-
ments in equipment and methods (such as freezing
processes in the baking industry) may be expected
to continue the trend to larger, but fewer, food
processing establishments in many food industries.

Specific examples of recent technological inno-
vations that will continue to increase output per

EMPLOYMENT AND INDUSTRIAL PRODUCTION IN FOOD AND
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employee in the food industry include the follow-
ing : (1) In meatpacking, the growing use of auto-
matic bacon slicers, sausage stuffers, and frank-
furter machines has reduced requirements for
workers, particularly women, engaged in proc-
essing these products. A new "on-the-rail" dress-
ing technique and a fast cure system for pork
products have reduced labor requirements in these
processes. Increasing use is being made of electric
stunners and saws, compressed air knives, and me-
chanical hide strippers in cattle slaughtering, and
of special machines to clean and dress poultry ;
(2) in the processing of dairy products, more wide-
spread use of instantaneous pasteurization meth-
ods, and seamless, continuous piping systems
(which can be cleaned in-place) , should contmue to
increase output per worker ; (3) in flour milling,
increased reliance on laboratory analysis and moni-
toring instrumentation to check ingredients before
and during processing should reduce the need for
millers.

The adverse effects on employment in the food
products industry groups will probably weigh
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most heavily on operatives and laborers such as
food graders, washers, and inspectors ; food proc-
essing machine operators; warehouse and shipping
workers; and routine clerical employees. Tech-
nological changes also will adversely affect em-
ployment rectuirements for skilled workers such as
bakers and brewers. These adverse effects, how-
ever, will be offset to a small degree by the need for
instrument repairmen and other mechanics to
maintain and repair equipment of growing
complexity.

The future employment impact of some new
food processing techniques such as the freeze-dry
process, very low-temperature freezing, and food
preservation through atomic radiation is difficult
to assess at present. The widespread use of these
techniques could make available a greater variety
of foods du Ang all seasons of the year, but their
employment generating effects would be negligible
if these foods merely served as substitutes for
others and the new techniques were integrated into
existing automatic food processing systems.

Tobacco Manufactures (SIC 21)

Summary

Employment requirements in the tobacco manu-
factures major industry group are expected to con-
tinue to decline slightly between 1964 and 1975.
Technological change is expected to be a major
factor in the employment decline in this major
industry group through the mid-1970'a.

Employment Trends

1947-64. Employment requirements in tobacco
manufacturing, the smallest of all manufacturing
major industry groups, declined from 118,1900 to
about 89,000 between 1947 and 1964, a decline of
25 percent. During the same period, the produc-
tion of all tobacco products, including cigarettes,
cigars, smoking and chewing tobacco, and snuff,
increased about 48 percent.

About 70 percent of the total employment in
tobacco manufacturing in 1964 was concentrated
in two industriescigarettes, with more than 40
percent, and cigars, with almost 30 percent. The
remaining workers were employed hi establish-
ments producing smoking and chewing tobacco and
snuff and in tobacco stemming and redrying
establishments.

Between 1947 and 1964, the trends in employ-
ment in the cigarette and cigar industries differed
widely, reflecting differences in _product demand
and the rates of mtroduction of laborsaving tech-
nology. Employment increased rapidly (about 27

percent) in establishments producing cigarettes, as
increased demand for the industry's products cre-
ated a need for additional workers. In 1963, per
capita consumption of cigarettes by persons 15
years of age or over reached a record high of 200
packs. Employment in cigar manufacturing estab-
lishments declined nearly 50 percent between 1947
and 1964, as the increasing use of mechanized
laborsaving equipment significantly increased out-
put per worker.

1964-75. Manpower requirements in tobacco
manufacturing are expected to decline by about
10 percent between 1964 and 1975, to 80,000. Pro-
duction of tobacco products is expected to be stim-
ulated by rising consumption of tobacco products
resulting mainly from population growth. How-
ever, it should be noted that the controversy over
smoking and health, particularly cigarette smok-
ing, continues to create uncertainty about the mar-
ket for tobacco products. Information programs
and restrictive legislation intended to discour-
age cigarette smoking may tend to increase the
consumption of cigars and pipe tobacco. Also,
both cigar and cigarette manufacturers are ex-
pected to expand their product lines in an effort
to gain increased consumer acceptance. Neverthe-
less, laborsaving technological developments in
this already highly mechanized industry group are
expected to more than offset increases in the
production of tobacco products.
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Employment
(in 0001s
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EMPLOYMENT AND INDUSTRIAL PRODUCTION IN TOBACCO

MANUFACTURES, 194744

INDEX (195759=100)

16 0

1 40

120

100

4111

/OM
8 0

60

40

20

EMPLOYMENT

Goo

1
IN* isle

ago 01110 41.19

oso
\C PRODUCTION

0
I 947 49 5 I 5 3 55 57 5.9 6 I 63 65

Sources: Employment, Bureau of Labor Statistics; production, Federal Reserve Board.

Effects of Technological Developments on
Future Employment

Laborsaving technological innovation in tobacco
production is expected to have a significant effect
on the number and characteristics of jobs within
the industrythrough the mid-1970's. Technologi-
cal laborsaving developments will be particulaily
significant in the cigar industry. The expanding
use of processed tobacco, composed of natural leaf
materials that are finely ground and reconstituted
into a continuous uniform sheet, will make possible
substantial savings in material and labor in the
manufacture of cigars. It is used widely as a
binder and to a limited, though increasing extent,
as a wrapper in place of natural leaf. The in-
creasing use of sheet tobacco in automatic cigar
making machines is expected to reduce require-
ments for machine operators.

In addition to attachments for applying

processed wrapper and binder, other accessory
equipment is increasing efficiency in cigar manu-
facturing. For example, a cigar accumulator that
automatically collects finished cigars makes
possible increased machine speeds by eliminating
manual collection by the wrapper layer operator.
This is a particularly significant advance
for those production lines where natural leaf
wrappers will continue to be used. Another new
device designed as an integral part of the making
machine attaches mouthpieces to cigars with no
reduction in the rate of output. The increasing
mechanization of cigar manufacturing is rais-
ing the employment requirements for maintenance
and repair workers, such as mechanics, responsible
for keeping this complex equipment in good
working order.

Further integration of cigar manufacturing
processes also are expected. The connection of
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such equipment as wrapping and banding ma-
chines with cartoning machines reduces cigar
handling and will adversely affect requirements
for cigar packers. Full integration of processing
equipment from making through wrappmg, band-
ing, and cartoning has been accomplished in some
large plants.

Cigarette manufacturing, using highly mecha-
nized equipment, is now a continuous process of
wrapping, cutting, inspecting, and packaging.
Modifications made in cigarette machmes hi the
last decade have increased their operating speed
substantially. A new type of cigarette making
machine, recently introduced in the industry,
makes possible fiirther increases in production
rates. Highly efficient equipment for attaching
filter plugs to cigarettes has become an integral
part of the making machine in recent years. In
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addition, some plants are joining making machines
in pairs, permitting a reduction of one-half in the
number of operators of these machines.

Increased emphasis on improved product
quality and production efficiency is expected to re-
sult from the growing use of precision instruments
to measure the performance of making machines.
For example, an electronic device has been devel-
oped that can check the quality and weight stand-
ards of 2,000 cigarettes in less than 2 minutes com-
pared with 3 to 4 hours required for hand
inspection. Another device monitors the opera-
tion of filter plug making machines and controls
the diameter of the plugs as they are produced.
Such developments are expected to reduce require-
ments for inspectors while boosting requirements
for maintenance and repair workers such as in-
strument repairmen.

Textile Mill Products (SIC 22)

Summary

Employment requirements in the textile mill
products major industry group are not expected to
change very much between 1964 and 1975, despite
an anticipated substantial increase in the output of
textiles. Technological change is expected to con-
tinue to be a significant factor in increasing output
per employee.

Employment Trends

1947-64. Employment in textile mills dropped
from about 1.3 million in 1947 to 891,000 in 1964,
despite a 45-percent increase in production.

In 1964, one-half of the total employment in this
major industry group was divided almost equally
between the two largest industry groupscotton
broad woven fabrics and knitting. Three other
industry groupsyarn and thread.; silk and syn-
thetic broad woven fabrics ; and finishing textiles,
except wool and knitaccounted for 30 percent of
all workers. The remaining four industry
groupsweaving and fmishing broad woolens,
floor covering, narrow fabrics and smallwares, and
miscellaneous textile goods combinedemployed
about one-fifth of the workers.

Between 1958 and 1964," employment rose in
five textile mill products industry groups, but em-
ployment declines in four other groups more than
offset these gains. The differences in employment
trends among the industry groups reflected mainly
the differences in the levels of product demand and

I() BLS employment (payroll) data prior to 1958 are available
only for three industry groupsknitting ; yarn and thread ; and
finishing textiles, except wool and knit.

in the application of laborsaving technological in-
novations. For example, the rapidly growing de-
mand for synthetic fabrics caused employment in
establishments producing synthetic broad-woven
fabrics to rise about 14 percent, despite the intro-
duction of new, more efficient machines and
methods to treat manmade fibers. On the other
hand, ale relatively slight change in the produc-
tion of wool fabrics in combination with increasing
output per worker (resulting from the growing
use of improved looms and other laborsaving in-
novations) caused employment in wool weaving
and finishing establishments to decline by about 22
percent.

1964-75. Employment requirements in the textile
mills are expected to be about 880,000 in 1975, not
much different than in 1964, assuming no signifi-
cant change in the importance of imports and ex-
ports. Production is expected to increase during
this period, stimulated by factors such as increas-
ing population (especially teenagers and young
ad.ults who are major consumers of clothing) and
rising family formations and personal disposable
income ( which should stimulate demand for such
products as carpets and drapes as well as clothing).
In addition, expenditures for research and devel-
opment in the fields of synthetic fibers and natural
fibers and fabrics are expected to increase. Such
activities can be expected to result in new fabrics
and synthetic fibers that open new markets for
textile mill products.

Although the textile industry will continue to
be one of the major industrial employers in the
Nation, employment requirements are not expected
to keep pace with output. Labor requirements
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Employme nt
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are anticipated to increase in some industry groups
(including knitting, yarn and thread, floor cover-
ing, and synthetic broadwovern fabrics) , but these
gams will136 more than offset by declining require-
ments in others. Throughout all textile mill
products industry groups, the growingapplication
of laborsaving technological innovations is ex-
pected to increase output per worker.

Effects of Technological Developments on
Future Employment

Output per textile mill worker is expected to
increase in the decade ahead because of the increas-
ing use of laborsaving technological innovations,
including faster, higher capacit,y machines; im-
proved methods of material handling ; and increas-
mg application of continuous manufacturing
techniques.

Faster machine speeds are expected to reduce
unit labor requirements for operatives such as

card tenders, comber enders, drawers, roving
hands, spinners, and weavers. For example, new
carding and drawing machines operate at more
than three times the speed they did 10 years ago;
spindle speeds were 10,000 r.p.m. in 1950, are now
13,500 r.p.m., and as much as 20,000 r.p.m. are pos-
sible ; winding speeds are at least double that of
10-15 years ago; and loom speeds have increased
substantially. Probably more importantly, the
use of improved yarns results in fewer loom stops
and allows operators to watch more looms with less
effort. The greater use of new and improved con-
veyor systems for the transfer of textile materials
during manufacture is expected to reduce the
need for laborers, such as truekers kand warehouse-
men. Electronic monitoring systems are expected
to be used increasingly, reducing labor require-
ments for quality control. Requirements for un-
skilled workers, such as cleaners and oilers, will be
reduced by the increasing utilization of automatic
cleaning devices and automatic lubrication systems
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for spinning7 twisting, weaving, and other types of
textile machinery. Progress is also anticipated in
developing automatic manufacturing techniques.
A number of new spinning and weaving plants
now being constructed will use the latest tech-
niques in automated systems and specialized equip-
ment to improve the flow of production and
eliminate many operations performed by spinners,
weavers, and other operatives. Under develop-
ment is a completely automatic dyeing process that
may need manual attention oaly in emergency
situations. Better layouts of machines and plants
will also increase manufacturing efficiency. In
addition, synthetic fibers, which require fewer mill
operations than natural fibers, are anticipated to
account for a growing proportion of textile mill
output.

Summary
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Although changing technology is expected to
reduce employment requirements in some textile
mill ocCupations, it will increase employment in
others. For example, requirements for engineers,
technicians, machine maintenance men, and re-
pairmen Care expected to increase because of the
growing complexity and number of instruments
and machines iri useincluding devices that photo-
electrically detect defects in yarn ; automatic tying
devices that repair breaks in yarns; time and tem-
perature devices that control dyeing machines;
automatic machines that duplicate previously run
styles, colors, and finishes without test runs or
vdriations ; and electronic data processing applied
in such functions as market analysis, production
scheduling, and inventory control.

Apparel and Related Products (SIC 23)

Employment in the apparel and related products
major industry group is expected to increase mod-
erately through the mid-1970's, somewhat faster
than during 1947-64. Technological change is ex-
pected to have a relatively modest impact on
employment requirements in this labor intensive
industry.

Employment Trends

1947-64. Employment in the apparel and related
products major industry group increased by
148,000 during the post-World War II period, a
gain of 13 percent. The increase in employment
was primarily a result of the rising demand for
apparel brought about by increases in population
and personal disposable income, although employ-
ment did not grow as rapidly as the production of
apparel. During the post-World War II period,
the production of apparel increased by about 80

percent. The disparity between employment and
production trends can be attributed primarily to
(1) the growing popularity of casual wear, which
requires less labor to produce than formal wear ;
(2) the emergence of large, highly efficient firms;
and (3) innovations in production equipment and
materials handling systems.

More than a third of the 1.3 million apparel
workers employed in 1964 made clothing for men
and boys, about 30 percent made women's outer-
wear, and about 12 percent worked in establish-
ments producing fabricated textile products. The
remaining workers were employed in establish-
ments making women's and children's undergar-
ments ; hats, caps, and millinery ; girls' and chil-

dren's outerwear ; and fur goods and miscellaneous
apparel.

Employment trends between 1947 and 1964
varied considerably among the various apparel
manufacturing ind.ustries reflecting factors such
as the increasing demand for casual wear and
changes in the age composition of the population.
EmpIoTment increased most rapidly (47 percent)
in the industry group producing girls' and chil-
dren's outerwear. In contrast, employment in the
industry producing women's, misses , and juniors'
outerwear increased about one-fifth (20.2 percent).
The difference between these two trends was
largely a result of a rise in the proportion of chil-
dren in the population. Even more striking is the
difference between employment trends in the in-
dustry producing men's and boys' suits and coats,
which decreased 23 percent, and the industry pro-
ducing men's and boys' furnishings, which in-
creased 24 percent. Production in the latter in-
dustry was stimulated significantly by the growing
preference for casual wear. Conversely, produc-
tion increases in the men'sand boys' suits and coats
industry were limited by the declining popularity
of more formal wear.

1964-75. Manpower requirements in the apparel
and related products industry are expected to in-
crease moderately in the years ahead, assuming no
significant change in the importance of imports
and exports. By 1975, employment in this indus-
try may reach 1.5 million, about 17 percent higher
than the 1.3 million workers employed in 1964.
The annual rate of employment growth during the
next decade (1.4 percent) implied by the projec-
tions is slightly higher than the annual rate be-
tween 1954 and 1964 (1 percent).
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Employment expansion in this industry is pred-
icated on a rapidly increa& demand for ap-
parel from a growing7 more alluent, and younger
population. The anticipated

igrowth
in popula-

tion and personal disposable ncome should con-
tribute substantially to a growing demand for ap-
parel, and fabricated textile products for the
home. Of laarticular importance to apparel pro-
duction and sales, however, is the anticipated in-
crease in the proportion of the population 14 to 34
years of agegenerally, the largest consumers of
apparel. Those in this age group, who at present
represent about 41 percent of the population, are
expected to comprise about 46 percent of the popu-
lation in 1975.

Effects of Technological Developments on
Future Employment

Technological developments in the apparel and
related products industry during the next decade

are expected to have relatively limited impact on
employment requirements and output per worker

ishould not increase much faster than n the post-
World War period. Although mechanization of
many of the production operations in this industry
is technically feasible, the nature of the industry's
products and market limits the application of
mechanization. For example, changmg and var-
ied consumer preferences dictate a variety of cloth-
ing styles for each season of the year and frequent
styling changes. Therefore, manufacturing op-
erations have to be flexible. Generally, mecha-
nized equipment has lacked flexibility. Morever,
although there is a trend toward larger size apparel
firms, most firms in the industry are small and
lack the capital to invest in expensive equipment.
Nevertheless, because of the expected increase in
the size of apparel firms and rising research and
development expenditures to improve apparel pro-
duction operations, a gradual increase in the use
of mechanized equipment and other laborsaving
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devices is anticipated in this industry. Most new
highly mechanical equipment will be used in the
sewing, cutting, and pressing operations of large
plants.

Increasing mechanization of sewing room opera-
tions is anticipated in plants that _produce a large
volume of items not subject to frequent styling
changes, such as shirts, undergarments, and work
clothing. For example, a leading manufacturer of
shirts recently purchased a machine that performs
many stitching operations, including setting up
each section of material for sewing, guiding the
material through the sewing process, cutting
thread at the completion of the servicing opera-
tion, and stacking sewed shirt panels. Another
new machine available to the industry assembles
shirt cuffs. This machine automatically selects
cuff components, matches, stitches, presses, button-
holes, attaches buttons, and performs many other
operations without manual assistance. The wide-
spread use of machines similar to these would

limit somewhat the employment growth of sewing
machine operators.

Technological developments in the cutting and
pressing rooms may affect employment require-
ments for manual operators, such as markers, cut-
ters, .pressers, and graders. For example, the
growing application of new 13hotographic methods
for predetermining the marking of material before
cutting may reduce the need for markers. The
more widespread use of automatic die-cutting
machines for batch cutting of components for
standardized items such as shirts and work cloth-
ing is expected to limit the employment growth of
cutters. A recent development is the use of com-
puters for calculating data on pattern variations
needed for size differences. If this development
gains wide acceptance in the industry, it may limit
the employment growth of pattern graders. The
increased use of improved pressing techniques,
such as the application of steam jets through
mannequins or forms, may limit the employment
growth of pressers.

Lumber and Wood Products, Except Furniture (SIC 24)

Summary

Employment requirements in the lumber and
wood products major industry group (lumber
industry) are expected to continue to decline
through the mid-1970's, but at a slower rate than
between 1947 and 1964. Increasing output per
worker will continue to more than offset increases
in output.

Employment Trends

1947-64. Employment in the lumber industry fell
from 845,000 to about 603,000 between 1947 and
1964a decline of about 29 percent. This oc-
curred primarily as a result of mcreased mechani-
zation, which increased output per worker more
than enough to offset gains in production. Lum-
ber output increased more slowly than it might
have because of the growing use of other materials
in construction, packaging, and manufacturing.

In 1964, 42 percent of the lumber workers were
employed in establishments engaged primarily in
sawing and planing lumber and 26 percent were
employed in establishments producing millwork,
plywood, and prefabricated structural wood prod-
ucts. Smaller numbers of workers were employed
in logging camps and by logging contractors (14
percent) and by miscellaneous wood products
establishments (12 percent). The remaining
workers (6 percent) were employed in establish-
ments producing wooden containers.

During the 1947-64 period, employment changes

yaried widely among the industry groups, reflect-
ing different rates of change in production trends
and in the impact of laborsaving technological in-
novations. For example, employment declined by
about one-half in sawing and planing establish-
ments, and in establishments producmg wooden
containers. In contrast, employment increased by
slightly more than one-fourth in establishments
producing millwork, plywood, and related pro-
ducts. Logging camp and logging contractor em-
ployment and miscellaneous wood products em-
ployment remained relatively stable.

Employment in sawmills and planing mills de-
creased primarily as a result of increasing mechani-
zation, improved plant layout, and a reduction in
the number of establishments. These develop-
ments were more than sufficient to offset the in-
crease in the production of lumber. On the other
hand, employment declined in establishments pro-
ducing wooden containers, primarily as a result of
a decline in the demand for these products. In
only one industry groupmillwork, plywood, and
related productswas there a substantial increase
in employment, stimulated by a substantial in-
crease in output. This increased output resulted
from the growing demand for products produced
in these establishments for use in construction and
manufacturing. However, much of this increase
in usage was at the expense of products produced
by sawing and planing mills. Employment in
establishments producing miscellaneous wood
products also increased, again reflecting the
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Ernployment
(in 0001s)

1947 845
1948 818
1949 741
1950 808
1951 840
1952 790
1953 771
1954 708
1955 740
1956 731
1957 655
1958 615
1959 659
1960 627
1961 583
1962 .589
1963 593
1964 603

EMPLOYMENT AND INDUSTRIAL PRODUCTION IN LUMBER

AND WOOD PRODUCTS, 1947-64
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strong demand from the construction industry for
wood products, especially particle board.

1964-75. Manpower requirements in this major
astry group are expected to decline to about

550,000 by 175, an annual rate of decrease of .8
percent compared with 1.5 percent between 1947
and 1964. Employment is expected to decline
despite anticipated increases in demand for lum-
ber and wood products resulting from rising levels
of construction and manufacturing activity. In
addition, the lumber industry's continuing empha-
sis on research and development programs is
expected to increase the markets for many wood
products.

Employment trends among the individual indus-
tries are expected to continue to differ. The in-
creasing demand for millwork, plywood, and re-
lated products and miscellaneous wood products
is expected to cause employment in establishments
manufacturing these products to increase slightly.
Items such as wooden panels, plywood, millwork,

and particle board are expected to be in mud
greater demand in the future, reflecting increasec
use by construction and manufacturing industries
However, manpower requirements will not in
crease as fast as output because of increasing
mechanization.

Manpower requirements in sawing and planing
mills will continue to decline as the impact o
laborsaving innovations more than offsets in
creased output. In addition, plywood and venee
products are expected to contmue capturing mar
kets now held by lumber, thus limiting growth ii
the demand for lumber.

A decline in logging camp and logging contrac
tor employment also is expected. Although de
mand is expected to accelerate for many types o
forest products, continued improvements in th
harvestmg and transporting of logs will tend t
limit manpower needs.

Employment in establishments roroducin
wooden containers is expected to continue to c1(
dine through the mid-1970's. Containers made o
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metal, plastic, and paperboard will continue to
offer strong competition to wooden containers in
the years ahead, especially since these substitute
containers are generally lighter and more durable.
Manpower needs in these establishments also will
tend to be limited by increasing mechanization.

Effects of Technological Developments on
Future Employment

Technological developments will continue to
have a substantial impact upon the number and
characteristics of jobs in the lumber industry
through the mid-1970's. Although this major in-
dustry group is already high17 mechanized, con-
tinued modernization of facilities is expected dur-
ing the coming decade. Increasing mechanization
and greater utilization of laborsavhig machines is
expected. Greater mechanization in the lumber
industry should stimulate requirements for repair-
men and other skilled workers and reduce require-
ments for unskilled workers. As the lumber in-
dustry does more research and quality control of
wood products, the need for technicians and re-
search people should increase.

Changes in logging operations in the 1964-75
period may have a significant effect on employ-
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ment in logging camps. More truck and tractor
drivers will be needed, but the size of the cutting
crew may be reduced as the equipment becomes
more powerful and mobile. The use of balloons
and helicopters in the transporting of logs could
permit logging in woodlanda having terrain that
cannot be traversed economically by conventional
equipment. Use of such equipment would increase
requirements for pilots and balloon riggers and
operators, while limiting the need for operators
of conventional equipment.

In sawing and planing operations, the increased
use of conveyor belts, electronic sorting devices,
and higher speed equipment should increase op-
erating efficiency, at the same time limiting the
need for manual handling of material by unskilled
laborers.

In the next 10 years, many new plywood and
veneer manufacturing plants are expected to be
built. These new plants will be highly mechanized,
and require relatively few employees. The coming
decade should see additional closing of marginal
plants and companies in the lumber industry.
These mills and companies will be forced to close
or merge because of intensive competition and in-
creased productivity in the more modern mills.

Furniture and Fixtures (SIC 25)
1958-64.22 The grreatest increase in employment
occurred in estal3lishments producing household
furniture, almost 13 percent. Employment in-
creased by more than 10 percent in establishments
engaged in manufacturing office furniture; by
about 13 percent in both the partitions, shelving,
lockers, and store fixtures industry group, and in
establishments producing other furniture and
fixtures.

1964-75. Manpower requirements in this major
industry group are expected to rise by about one-
fourth between 1964 and 1975 to about 510,000.
?)emand for this major industry group's products
is expected to increase rapidly during the next
decade. However, increasing mechanization and
larger factory units will tend to increase the effi-
ciency of production and limit employment
growth. Demand for household furniture will be
stimulated by, among other things, continued in-
creases in population, new family formation, rising
disposable personal income, and the number of
families with two homes. The anticipated in-
crease in construction of commercial, industrial,
and public buildings will contribute to high levels
of demand for furniture, fixtures, and partitions.

u BLS employarmt (payroll) data for all furniture industry
segments are available only for the years since 1958. However,
data for two segments are available for earlier periodssince
1947 for household furniture and since 1951 for the partitions,
office and store fixtures segment.

Summary

Employment requirements in the furniture and
fixtures major industry group are expected to in-
crease by more than one-fourth in the 1964-75
period, despite significant increases in output per
worker.

Employment Trends

194744. Employment in this major industry
group increased from 336,000 to 406,000 between
1947 and 1964, an annual rate of about 1 percent.

In 1964, nearly three-fourths of the workers in
this major industry group worked in establish-
ments producing household furniture, such as sofa
beds, studio couches, and mattresses and bed-
springs. Slightly less than one-tenth of the work-
ers were employed in establishments engaged in
manufacturing partitions, shelving, lockers, and
office and store fixtures. More than one-tenth of
the workers were employed in establishments pro-
ducing public building and related furniture, and
miscellaneous furniture and fixtures. The remain-
ing workers were employed in establishments mak-
ing office furniture.

The employment growth rates were similar
among the industries of this major group between
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EMPLOYMENT AND INDUSTRIAL PRODUCTION IN

FURNITI'RE AND FIXTURES, 1947-64
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Effects of Technological Developments on
Future Employment

Technological developments will have a signifi-
cant impact upon the number and characteristics
of jobs hi furniture manufacturing despite the
small-scale operations and the lack of product
standardization that now characterize plants in
this major industry group. Examples of new
equipment that are expected to reduce require-
ments for semiskilled workers producing wood
furniture is the introduction of new automatic pro-
filers and routers. A recently developed automa-
tic profiler is said to 3hape parts 2 to 5 times faster
than older methods of marking, handsawing, and
handshaping. The router, a machine producing
cutouts m wood or decorative carving over flat
and curved surfaces, can be programed for an au-
tomatic and continuoir. course. Relatively un-
skilled operators need only to place material for
the process.

In some manufacturing plants, automatic stack-
^:s, conveyors, and hoppers are replacing unskilled
laborers employed to transfer materials tbetween
machines and processes. Recent innovations in-
clude the linking of machines, which reduces re-
quirements for machine operators. In addition.,
the greater use of pneumatic power changers and
assembly machines should reduce requirements for
production workers in the assembly of frames,
case ends, drawers, and chairs. One type of as-
sembly machine in use can take parts from a ten-
oner machine, feed metal parts from hoppers, in-
sert these parts, drive in up to eight pins or nails
and eject the finished products on conveyors. La-
bor requirements for finishing are also being re-
duced throug;h the use of infrared electric drying
ovens. In addition, a recently developed drying
and finishing system reportedly eliminates all man-
ual handling in the finishing process and, in one
modern plant, has reduced total drying and finish-
ing time by 50 percent.
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Paper and Allied Products (SIC 26)

Summary

Employment requirements in the paper and al-
lied products major industry group are expected
to increase from 625,000 in 1964 to about 7751100 in
1975. Production will rise substantially, primar-
ily because of rising population, increased busi-
ness activity, and higher per capita consumption
of paper products. However, employment is ex-
pected to grow slower than production, because
technological changes are expected to increase out-
put per worker

'
particularly in the pulp, paper,

and paperboard mills.

Employment Trends

1947-64. Enployment in the paper and allied
products major industry group increased from
465,000 to 625,000 between 1947 and 1964, or ap-
proximately 84 percent, as production more than
doubled.

More than two-fifths of the employees en-
gaged in the manufacture of paper and allied prod-
ucts in 1964 were in establishments manufacturing
pulp, paper, paperboard, and building paper and
board. Nearly one-third were in establi&ments
making paperboard containers and boxes, includ-
ing foldmg and setup paperboard boxes; corru-
gated and solid fiber lpoxes; sanitary food
containers; and fiber cans, tubes, and drums. The
remaining workers were in establishments produc-
ing converted paper products, such as coated and
glazed papers, envelopes, and sanitary paper
products.

Between 1958 and 1964,12 employment growth
among the three broad segments of this major in-
dustry

i
differed widely, reflecting in part differ-

en ices n the increase n product demand and in
the rates of introduction of laborsaving technol-
ogy. Employment increased rapidly in establish-
ments producing converted paper and paperboard
products, except containers and boxes. Addi-
tional workers were needed during thisperiod to
meet the increasing demand for the industry's
products, particularly for coated and processed
papers, sanitary tissue health products, and gro-
cers and multiwall bags. Multiwall bag:s have
largely replaced textile bags as containers for such
products as flour, sugar, and animal feeds, and are
also used in packaging cement, certain chemicals,
and fertilizers.

Employment in establishments making paper-
board containers and boxes increased moderately
between 1958 and 1964, reflecting the rapidly grow-

1213LS employment (payroll) data for two industry gronps
paperboard mills, and converted paper and paperboard products,
except containers and boxesare not available for years prior
to 1958.
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ing demand by industrial users for such products
as corrugated boxes, pads, and partitions,
folding paperboard boxes, and sanitary food
containers.

Employment in establishments producing /pulp,
paper, paperboard, and building paper and boaid
changed only slightly as the production increase
between 1958 and 1964 was offset lpy increasing
output per worker, resulting mainly from the
growing application of technological innovations.

1964-75. Employment requirements in the major
industry group are expected to rise by 24percent
between 1964 and 1975, to about 775%000. Produc-
tion of paper and paper products is expected to
rise rapiclly through the mid-1970's stimulated by
populE,ion growth, general business expansion,
and rising per capita consumption of paper
products. Growing outlays for research ancl the
development of new products also are expected to
increase production and employment

Employment trends for individual paper and
paper products industry groups are expected to
differ significantly because of differences in levels
of demand and in the impact of technological de-
velopments. For example, although output in
establishments producing paperboard containers
and boxes is expected to increase rapidly, require-
ments in these establishments should rise only
moderately because of rapid increases in output
per worker. Output will be spurred by the devel-
opment of new products and the application of
existing products to new markets. For example,
a new technique has recently been developed for
laminating kraft paper to very thin sh,eets of
steel, whiah could be used for folding cartons and
corrugated shipping containers. The recently de-
ve loped fiber-foil can, currently widely umd for
such products as motor oil and frozen fruit juices,
is another product for which new uses are being
found.

Employment in establishments producing vari-
ous types of converted paper products is expected
to increase moderately. The development of new
paper products, including combinations of paper
with plastics and metals, should continue to stimu-
late industrial and consumer demand. Examples
of new paper products recently introduced, or to
be introluced shortly, include industrial wipes,
disposable liquid containers, stretchable grocery
and refuse bags, paper tents and sleeping bags, im-
proved paper textiles and clothing for men and
women, and even special types of coated paper for
use in space vehicles.

In contrast, employment in establishments
producing pulp, paper, paperboard, and building
paper and board is expected to increase only
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EMPLOYMENT AND INDUSTRIAL PRODUCTION IN PAPER AND

Employment ALLIED PRODUCTS, 1947-64
(in 0001s

1947 465
1948 473
1949 455
1950 485
1951 511
1952 504
1953 530
1954 531
1955 550
1956 568
1957 571
1958 564
1959 587
1960 601
1961 601
1962 614
1963 619
1964 625
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slightly through the mid-1970's as the rising de-
mand for paperincluding such basic, heavy-
tonnage items as printing and fine papers for use
in books, periodicals, and other printed products
is nearly offset by increasing output per worker re-
sulting fvom growing mechanization and automa-
tion or the industry's production processes.

Effects of Technological Developments on
Future Employment

Technological innovations are expected to have
a significant effect on the number and character-
istics of jobs in this major industry group through
the mid-1970's. Laborsaving technological inno-
vations will have a particularly significant impact
on employment requirements in the pulp, paper,
and paperboard industry grroups. For example,
the use of huge continuous digesters that utilize a
steady flow of chips provides easier removal of
chemicals and wa

sli
liquors and, with the aid of

electronic controlssil as the magnetic flowmeter,
delivers a steady flow of uniform pulp of high-

fiber content. The increasing conversion to con-
tinuous pulping will change not only the charac-
teristics of jobs such as "digester operator, but
probably will decrease the number of workers re-
quired in pulping operations. In addition, in the
conversion of pulp into paper and paperboard,
technological asivances will continue to increase
paper machine widths and speeds, and continued
expansion in the use of the trailing blade coater
will inmase production speed and improve the
quality of coated papers. Such developments are
increasing employment requirements for highly
skilled maintenance and repair workers respon-
sible for keeping this complex equipment in good
working order and limiting growth in the require-
ments for paper machine operating crews..

Pulp and. paper manufacturers are placing in-
creasing emphasis on automatic quality control
through instrumentation. The trend in instru-
mentation is toward centralizcd control systems
that allow a few workers to monitor and control
production processes. New electronic instruments
are being used increa,singly. For example, the
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radioisotope (beta) gage is being used on paper
machines t,o measure and control the "basis weight"
of paper and paperboard, and the thickness of
coated , laminated, and impregnated paper prod-
ucts. In addition, high-speed computers are
coming into limited use for controlling the con-
tinuous digester and the paper machine. A com-
puter makes possible better control of operations
through rapid collection and analysis of roduc-
don data, such as type and moisture of w chips,
alkali ratio, and retention time at cooking temper-
ature in pulping operations ; and consir,tency and
flow of feed stock, water removal rate, did drying
temperatures in papermaking. Computer control
of the paper machine can accelerate grade changes
and prevent breaks in the web, while providing
optimum use of input materials and greater ma-
chine productivity. Thus, expansion in the appli-
cation of instruments and computers should reduce
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traditional operator requirements while boosting
the need for engineers, technicians, personnel
trained in the operation of computers ancl periph-
eral equipment, and maintenance and repair
workers, such as instrument repairmen.

In the converted paper products and the paper-
board containers and 130xes industry groups, re-
quirements for workers such as hand-feed machine
operators and materials handlers and packers will
continue to be affected adversely by the growing
use of automatic packaging machines ; conveyor
systems ; multioperation cutting, creasing, and
stripping machines ; multioperation printing and
folding machines ; palletizmg; and mechanized
baling operations. On the other hand, the trend
toward iginting on containers at the converting
establislunents should increase requirements for
printing craftsmen and workers in related
occupations.

Printing, Publishing, and Allied Industries (SIC 27)

Summary

Employment requirements in the printing, pub-
lishing, and allied industries are expected to
increase moderately between 1964 and 1975.

Although the increasing use of 'both automated
and more highly mechanized production equipment
will limit employment growth in this major indus-
try group, employment is still expected to increase
faster than in manufacturing as a whole.

Employment Trends

1947-64, Employment in this major industry
group increased from 721,000 to 951,000 between
1947 and 1964,a gain% of almost one-third.
In 1964, over a third of all the workers in this

major industry group were employed in the news-
paper industry group. Nearly a third were em-
ployed in the commercial printing industry group,
which includes establishments using lithographic,
letterpress, or gravure equipment. The remain-
ing employees were in the following industries :
periodical printing and publishing (7 percent) ;
book printmg and. publishing (8 percent) ; book-
binding and related industries (5 percent) ; and
other printing and publishing industries (12 per-
cent), which includes service industries to the
trade.

Between 1947 and 1964, employment growth
among the segments comprising this major indus-
try group varied, reflecting differences in produc-
tion increases, changes in production processes,
and the rate of introduction of highly mechanized
and automated equipment. Employment growth
was most rapid (89 percent) in the lithographic
segment of the commercial printing industry.

The introduction of longer lasting printing plates,
and faster web offset presses significantly increased
the application of this process to large-scale pro-
duction. The lithographic process is being used
increasingly for printing books, periodicals and
newspapers. In aoldition, the lithographic process
has several advantages over other printing proc-
esses. Using this process, illustrations are oi equal
or higher quality and less expensive to produce;
printin,g plates can be produced faster; and make-
ready time on presses is shorter than for letter-
press or rravure presses. Employment in the
book printing and publishing industry increased
by more than 50 percent despite the increasing
application of technological laborsaving equip-
ment. This growth in manpower requirements
was stimulated by the increasing demand for
books by schools, colleges, and by individuals.

Although employment in the newspaper indus-
try increased by 85 percent over the 17-year period,
1947-64, more than three-fourths of this increase
occurred prior to 1958. The decline in the rate of
employment growth after 1958 reflected the in-
creasing pace of technological change in produc-
tion equipment, the decrease in the total number
of large metropolitan dailies, and the growing
practice of many small newspapers to contract out
their printing work to larger newspapers or other
printing establishments.

Employment grew least in the periodical pub-
lishing and printing industries segment of this
major industry group, increasing by only 4 percent
over the 1947-64 period, reflecting in part,
changes in production methods.

Between 1958 and 1964)18 employment increased
nearly 12 percent in the bookbinding and related

" BLS employment (PaYroll) data are not available for all
industry groups for the years prior to 1058.
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Employment
(in 0001s

1947 721
1948 740
1949 740
1950 748
1951 768
1952 780
1953 803
1954 814
1955 835
1956 862
1957 870
1958 873
1959 886
1960 911
1961 917
1962 926
1963 931
1964 951

EMPLOYMENT AND INDUSTRIAL PRODUCTION IN PRINTING,
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industries, despite the increasing mechanization of
the production process. This increase reflected the
growing demand for books, catalogs, and other
materials requiring binding or other finishing
operations. Although total employment in other
printing and publishing industries increased by
12.5 percent in the 1958-64 period, employment de-
clined in two of the industries in this group. Elec-
trotyping and stereotyping employment decreased
by approximately 25 percent as a result of tech-
nological changes in platecasting equipment, as
well as the increasing use of offset printing, which
requires no electrotype or stereotype printing
plates. Employment decreased nearly 16 percent
in the photoengraving service industry, primarily
because of technological changes in photoengrav-
ing processes.

196 4-7 6. Employment requirements in this major
industry group are expected to increase moderately
to about 1.1 million, over the 1964-75 period, de-
spite the increasing use of labor saving technologi-

cal developments in printing production equip-
ment. Employment of nonproduction workers is
expected to increase most rapidly.

Production of printed material is expected to
continue to show a substantial growth because of
the rapid increase in the school-age population ;
Federal aid to educations high consumer expendi-
tures for books, periodicals, newspapers, etc. ;
greater use of prepackaged goo&s including
printed cartons, wrappers, laloels, assembly instruc-
tions, etc. ; the rapidly growing use of various
types of business forms ; the increasing emphasis
on advertising ; and the general growth of the
economy. Different rates of increase in printing
output and in the adoption of laborsaving techno-
logical developments will result in different em-
ployment trends for individual industries within
the major group. For example, manpower require-
ments in the newspaper industry are not expected
to increase and may decline slightly because of the
introduction or the increasing use of automatic or
highly mechanized equipment including computer-
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controlled automatic typesetting; the use of photo-
composition for newspaper advertising; highly
mechanized platecasting equipment ; and auto-
mated and mechanical equipment in the mailroom

'where pa:pers are automatically stacked, counted,
and tied in bundles.

The anticipated rapid growth in the demand for
printed materials is expected to increase manpower
requirements in the book industry and in the
bookbinding and related industries. These in-
creases are expected despite the automation of
typesetting equipment and the increased mechani-
zation of bindery equipment.

Manpower requirements in this major industry
group may be adversely affected by the trend
among other industries, such as paper and paper-
board converting and baking, to operate "captive"
printing shops.

Effects of Technological Developments on
Future Employment

Technological developments, primarily in type-
setting, platemaking, and in binding and related
operations, are expected to have a significant effect
on the number and characteristics of printing pro-
duction jobs, and on the numberof apprenticeships
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that have been characteristic of the skilled print-
ing trades.

Although automated typesetting equipment has
been in operation in some plants for a number of
years, the rapidly increasing use of such equip-
ment, together with the growth of computer con-
trol of the typesetting process is expected to reduce
unit labor requirements for typesetting machine
operators and tape-perforating machine operators.
A.utomatic typesetting will also reduce the skill
requirements for typesetters and the number of
apprenticeships in composing room occupations.

The growing utilization of more automatic plate-
casting equipment, and the increasing use of offset
presses in the newspaper industry will continue to
reduce the need for stereotypers who produce the
du_plicate plates used in letterpress printing.

Many technological innovations have been incor-
porated in finishm processes in the newspaper
industry and in the is I I k printing and bookbin
industries, and more extensive use of these proc-
esses is expected in the future. These innovations
are expected to reduce the need for mailroom em-
ployees in the newspaper industry ; and the techno-
logical innovations in collating, gathering, and
binding operations will reduce the need for bmdery
hands and for bookbinders.

Chemicals and Allied Products (SIC 28)

Summary

Employment requirements in plants manufac-
turing chemicals and allied products are expected
to increase from 877,000 in 1964 to 1.1 million in
1975, an increase of about 25 percent. The in-
creasing application of technological innovations
is expected to increase output per worker ; how-
ever, production is anticipated to increase at a
much faster rate than output per worker.

Employment Trends

1947-64. Employment in chemicals manufactur-
ing increased more than three times as rapidly as
total manfacturing employment between 1947 and
1964. During the same period, the production of
chemicals increased 284 percent as compared with
a 100-percent increase in total manufacturing
production. In 1947, 649,000 workers were em-
ployed in establishments producing chemicals and
allied products; by 1964, employment had risen to
877,000 (a rise of about 35 percent), primarily be-
cause of a rapid increase in the number of
nonproduction workers.

In 1964, nearly a third of total employment in
this major industry group was in establishments
making industrial inorganic or organic chemicals

and about a fifth was in plants producing plastic
materials and synthetic resins, synthetic rubber,
synthetic and other manmade fibers, except glass.
The remaining workers were employed m estab-
lishments producing products such as drugs, clean-
ing preparations, toilet preparations, paints, agri-
cultural chemicals, and gum and wood chemicals.

Although employment in each of the chemical
industry groups rose between 1958 and 1964," the
rates of growth differed significantly. Employ-
ment increased most rapidly (nearly 30 percent)
in establishments producing plastics and syn-
thetics, mainly as a result of the development of
new plastics and synthetics and new uses for them,
inclusiing a growing variety of automobile com-
ponents and textile products. Rises in the num-
ber of consumers, in spendable income, and in the
variety of products produced also stimulated em-
ployment growth in establishments producing
soaps, cleaning preparations, and toilet goods.
Rapid employment gains in plants producingagri-
cultural chemicals reflected the growing role of
fertilizers, pesticides, vitamins, and. antibiotics (for
farm animals) and other chemicals in modern
farming techniques. In contrast, employment rose
only slightly in the large industrial chemicals in-

1413LS employment (payroll) data for individual chemical in-
dustry groups are not available for the years prior to 1958.
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Employment
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1947 649
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1949 618
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1954 753
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1956 797
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1961 828
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1964 877
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dustry group, as continuous flow process tech-
nology significantly increased output per worker.

The demand for chemicals and allied products
has been stimulated in recent years by the tremen-
dous increase in research and development activity,
which resulted in many new chemical products
such as petrochemicals. Rising R&D activity
also contributed to the increase m nonproduction
worker employment. In 1963, R&D expenditures
by the chemicals industry totaled $1.25 billion-
10 percent of all R&D funds expended by industry,
and nearly double the amount spent by the major
industry group in 1956. It has been reported that
more than hall of the products now sold by the
chemical industry were not in commercial produc-
tion in 1939. For example, more than 90 percent
of the estimated 4,000 drugs and pharmaceuticals
being used in the United States today have been
developed commercially within the past decade
or so.

19 6 4-7 5 Employment requirements in chemicals
manufacturing are expected to increase rapidly in
the years ahead. By 1975, employment need.s in
this iindustry are expected to reach 1.1 million,
approximately one-fourth higher than the 877,000
employed in 1964. The annual rate of employ-
ment growth implied by the projectionabout 2.2
percenbis slightly faster than the 1947-64 trend
in this industry and about 2 times as fast as the
anticipated increase in manpower needs in manu-
facturing as a whole.

The output of chemicals and allied products is
expected to be spurred by rising levels of indus-
trial activity, resulting mainly from rising popula-
tion and personal and corporate income. Rising
levels of expenditures for research and develop-
ment should continue, resulting in new products
and markets for chemicals and allied products.

Production and employment is expected to in-
crease especially rapidly in several chemical in-
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dustry groups. For example, expenditures for
drugs are expected to rise sharply in the years
ahead, mainly because of rising personal income,
health standards, and population, particularly of
persons age 55 and over. .Also, the drug industry's
extensive research and development program may
yield a broad range of new products that will
stimulate demand, e.g., drugs to combat cancer and
heart disease, and new synthetic antibiotics. De-
mand for plastics is also expected to increase, par-
ticularly for new reinforced plastics with new and
improved properties for use in building construc-
tion., automobiles, housewares, and packaging. In
addition, the demand for industrial chemicals,
such as acids, salts, and other basic raw materials,
will continue to spur production.

Effects of Technological Developments on
Future Employment

Technological innovations in the chemical in-
dustry are expected to increase output per worker
significantly. The increasing use of technological
laborsaving devices will be particularly significant
in establishments producing industrial chemicals,
petrochemicals, and plastics and other synthetics.
For example, computers are already being used to
direct and control entire production processes, in-
cluding automatic testing and analysis to ensure
optimum quality control. The more widespread
use of such equipment is expected to reduce the
number of operatives needed for continuous flow
production processes and increase requirements
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for maintenance personnel, such as instrument
repairmen. Computers are also being used to
chart the quickest and most effective method of
overhauling and repairing chemical reactors, and
of designing pipe layouts for replacement or plant
additions. 1Tew lining materials, which are ex-
pected to increase the life of chemical reactors and
other vessels, thereby reducing day-to-day repair
and maintenance, may reduce requirements for
vessel maintenance personnel.

Although the "batch" method of _production in
the drug, paint, dyes, and soap industries is not
readily adaptable to widespread automation, tech-
nological laborsaving developments are expected
in production-relatedactivities. For example, the
increasing use of automatic packaging machines,
instrumented-conveyor systems, automated-pallet-
izing machines, and computer-controlled shipping
devices will continue to displace operatives,
material handlers, and shipping and receiving
personnel.

Other technological innovations that are ex-
pected to be used extensively throughout this
major industry group include television monitor-
ing of production processes, radioactive chemical
processing, and electronic sensing instruments
that replace mechanical testing and measuring
devices. The widespread application of increas-
ingly complex production processes requiring
extensive instrumentation is expected to increase
requirements for technical workersscientists,
engineers, and technicians.

Petroleum Refining and Related Industries (SIC 29)

Summary

Employment requirements in petroleum refining
and related industries are expected to continue de-
clining during the 1964-75 period, although at a
slower rate than between 1947-64. The employ-
ment impact of laborsaving technological develop-
ments is expected to be less than during the past
10 years.

Employment Trends
'11

1947-64. Employment in the petroleum refining
and related industries major industry group in-
creased 9 percentfrom 221,000 to 241,000 work-
ersbetween 1947 and 1953 ; however, during the
next 11 years employment declined about 24 per-
cent. The employment decline was primarily in
the petroleum refming industry group, which his-
torically has made up over 80 percent of the major
industry groups' total employment. In the re-
maining industry groupspaving and roofing ma-

terials and miscellaneous products of petroleum
and coalemployment remained relatively stable
during the 1958-64 period, with about 34,000
workers." Output per worker increasedespe-
ciall: in petroleum refiningas automation was
increasingly applied to production processes. For
example, even as employment and the number of
operating refineries decreased, between 1953 and
1964, refinery throughput capacity rose 39 per-
cent. Output of petroleum refinery products
increased as demand rose for fuel for transporta-
tion, heating, and power ; lubricants for motor ve-
hicles and industrial machinery ; and raw mate-
rials for the fast-growing petrochemical industry.

1964-75. Manpower requirements in this major
industry group are expected to decline by 13 per-
cent between 1964 and 1975, from 183,000 to 160,-
000, in spite of significant increases in the produc-

25 BLS employment (payroll) data for these industry groups are
not available for years prior to 19158.



1-52 STUDIES : OUTLOOK FOR TECHNOLOGICAL CHANGE AND EMPLOYMENT

Employment
(in 00010

1947
1948
1949

221
228
221 14 0

EMPLOYMENT AND INDUSTRIAL PRODUCTION IN PETROLEUM

REFINING AND RELATED INDUSTRIES, 1947-64

INDEX (1957-59=100)
16 0

1950 218
1951 231
1952 235
1953 241
1954 238
1955 237
1956 236
1957 232
1958 224
1959 216
1960 212
1961 202
1962 195
1963 189
1964 183

12 0

lOG

8 0

6 0

4 0

2 0

II
PRODUCTION

...
.. 0.'1' '

"a>

.0,
.. /

00.----,-".

EMPLOYMENT
I

....
.0 0 ..e

////

I i i i I 1 i

1947 '49 '51 '53 '55 57 '59 '61 '63 '65

Sources: Employment, Bureau of Labor Statistics; production, Federal Reserve Board

tion of petroleum. The petroleum industry allo-
cates a large part of its financial resources to
research and development. Such actvity is ex-
pected to continue in the future, resulting in new
products and markets for petroleum products and
high levels of employment for scientists, engi-
neers, and technicians.

Employment in petroleum refming and related
industries is expected to decline at a slower rate
through the mid-1970's than between 1953 and
1964, because many automated techniques have al-
ready been incorporated into the production pro-
ceffies of this industryparticularly petroleum re-
fining. As a result, future technological advances
are expected to improve upon existing processes, to
enlarge production capacities, and to create new
products. Increases in contract-service mainte-
nance could reduce employment requirements in
this industry in the future. In 1962, it was esti-
mated that about 5,500 contract-service workers
were performing maintenance in petroleum refin-
eries. These workers were not counted as being
employed in the petroleum refining industry.

it

Although consumption of petroleum is expected
to rise substantially during the nert decade (some
experts estimate as much as 40 percent), the out-
look is for fewer, but large') capacity plants that
use highly mechanized techniques and employ rel-
atively few workers.

Effects of Technological Developments on
Future Employment

Technological developments in this major in-
dustry voup during the decade ahead are expected
to continue to increase output per worker, par-
ticularly in petroleum refininp;. The continuous
flow process is the basic technology underlying the
rapid strides this industry has made toward corn-

, plete automation. Automatic controls and re-
cording and measuring devices have speeded this
trend. Operators are no longer needed to open
and close valves, adjust liquid flow rates, or con-
trol reactor temperatures. A computer-controlled
closed-loop system can control, test, record, adjust,
and regulate an entire production process auto-
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matically. Output per worker is rising through
use of refining processes such as hydrocracking,
which has increased the return from each barrel of
crude oil.

Maintenance, a critical factor in this industry,
is also being influenced by technological innova-
tions. Newer, stronger, corrosion-resistant ma-
terials are prolonging the periods between turn-
aroundsmajor overhaulsthereby reducing the
requirements for maintenance workers, usually
skilled craftsmen such as pipefitters, boilermakers,
and welders. Computers are being used to pro-
gram turnarounds and to draft layouts for piping
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systems, thereby reducing unit labor requirements
for maintenance workers and draftsmen.

Technological innovations also may change
worker skill requirements. For example, opera-
tors will need to know the entire production proc-
ess to be able to correct a process malfunction.
Maintenance workers may need multiple craft
skills to enable them to work in more than one
area. The use of increasingly complex electronic
instrumentation will raise skill requirements for
instrument repairmen. More trained clerical
workers may be needed to operate office machines
and other peripheral computer equipment.

Rubber and Miscellaneous Plastics Products (SIC 30)

Summary

Employment requirements in establishments
manufacturing rubber and miscellaneous plastics
products are expected to increase by about 34 per-
cent between 1964 and 1975. Rising demand for
rubber and plastics products should more than
offset increases in output per worker.

Employment Trends

1947-64. Employment in rubber and miscellane-
ous plastics products manufacturing establish-
ments increased about three times as rapidly as in
total manufacturing between 1947 and 1964.
Workers employed in this industry rose from 323,-
000 in 1 )47 to 434,000 in 1964an increase of one-
third. During this period, production nearly
tripled ; most of this gain was recorded between
1954 and 1964.

Of total workers in this major industry group
in 1964, about 23 13ercent were employed in the
tires and inner tubes industry, about 38 percent
in other rubber products ind.ustries (rubber foot-
wear, reclaimed rubber, and fabricated rubber
products, n.e.c.), and about 39 percent in the mis-
cellaneous plastics products industry.

Employment growth has varied among the in-
dustries in this major group. During the 1958-64
period," employment rose extremely fast in the
miscellaneous plastics products industry (69 per-
cent), rapidly in the other rubber products indus-
tries (18 percent), but declined moderately in the
tire and inner tube industry (5 percent).

The varied employment growth rates were the
results of two significant factorsincreased de-
mand for the many and diverse rubber and plas-
tics products and increasing use of laborsaving
technological devices in the tire industry. De-

16 BLS employment (payroll) data for the other rubber products
industry are not available for years prior to 1958.

mand for tires increased steadily, but laborsaving
innovations more than offset the rising demand
and employment declined. On the other hand,
the rapidly rising demand for other rubber and
plastics products required many additional work-
ers because of the large and diverse numbers of
such products continually being developed.

1964-76. Manpower reguirements for the rubber
and miscellaneous plastics products major indus-
try group are expected to increase very rapidly
in the decade ahead. By 1975, employment is ex-
pected to reach 580,000, about a 34-percent increase
over the 1964 level. The annual rate of growth
implied by this projection-2.7 percentis slower
than the 1958-64 rate (3.9 percent), but still
almost 21/2 times as great as that implied by
the projections for total manufacturing. Employ-
ment is expected to continue to increase in estab-
lishments producing miscellaneous plastics prod-
ucts and rubber products other than tires and inner
tubes. Employment in the tire and inner tube
industry is expected to show little or no change
during the next decade.

In the rubber products industries, other than
tires and inner tubes, such items as footwear, drug
and medical sundries, wire and cable coatings, and
foam rubber are expected to continue in high de-
mand. The relatively low demand for many
products makes the introduction of laborsaving
technological innovations difficult in most estab-
lishments manufacturing rubber products other
than tires and inner tubes; therefore, manpower
levels are expected to increase in such establish-
ments. Demand is expected to rise fastest for the
products of the miscellaneous plastics industry re-
sulting from the rapid growth of construction,
transportation, appliances, packaging, general in-
dustrial applications, and consumer products.
Government-sponsored aerospace activities are ex-
pected to spur additional d3mand for plastics prod-
ucts. As more uses for plastics products continue
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to be found, manpower requirements will continue
increasing. Demand for tires and inner tubes,
which accounted for 63 percent of all new rubber
consumption in 1964, will continue to increase.
rnwever, increasing mechanization of production
p asses is expected to slow employment growth
in .etire and inner tube industry.

Effects of Technological Developments on
Future Employment

Technological developments are expected to con-
tinue to affect the level of employment and occu-
pational distribution in the rubber and miscel-
laneous plastics products establishments. In the
tire and inner tube industry, increasing use of
automatic and semiautomatic machines, and elec-
tronic control equipment in processes such as tire
building, and curing are expected to reduce unit-
labor requirements for operators. For example,
new curing equipment requires one pot heater

tender (operator) per five machines, compared to
a 1-to-1 ratio on the old machines. Greater reliance
on automatic conveyor systems will reduce the need
for materials handlers, but increased mechaniza-
tion is expected to raise requirements for mamte-
nance mechanics and instrument repairmen. Re-
search and development efforts will continue to
require large numbers of scientists, engineers, and
technicians for future technological advances.

In the rubber products industries, other than
tires and tubes, technology has developed a large
number of diverse products such as rubber foot-
wear, belts and beltmg, hose and tubing, floor and
wall covering, medical and drug sundries, and
toys. Mechanized production systems are being
used in some areas such as drug sundries and some
facets of footwear production. However, the in-
sufficient volume and the large number of different
products manufactured make it difficult to auto-
mate many of the production processes in this sec-
tor of rubber manufacturing.

In establishments producing miscellaneous plas.
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tics products, significant advances have been made
in product development. Plastics are being devel-
oped to replace many materials such as metal,
wood, glass, and leather. In most cases, these new
plastics products can be fabricated more easily
and economically than with conventional materi-
als. Production processes in plastics manufactur-
ing establishments already include mass production
methods of molding, casting, and extrusion ; there-
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fore, the anticipated increases in demand are ex-
pected to be met by enlarging production capaci-
tiesnew plants or additionsand hiring more
operators and related 'Ant workers. As in the
past, the emphasis of research and technological
development is expected to be in product adapt-
ability and substitution. which will continue to re-
quire large numbers of scientists, engineers, and
technicians.

Leather and Leather Products (SIC 31)

Summary

Employment in leather and leather products
manufacturing establishments, which 'declined
moderately between 1947 and 1964, is expected to
remain close to 1964 levels through the mid-1970's.
Laborsaving technological developments, and
competition from rubber footwear and foreign
shoe imports are expected to be significant factors
in limitmg labor requirements despite increasing
demand for domestic nonrubber footwear.

Employment Trends

1947-64. Employment in this major industry
group declined from 412,000 in 1947 to about
348,000 in 1964, a decline of about 16 percent.

In 1964, about three-quarters of total leather
and leather products employment was in two
industriesfootwear (except rubber), and hand-
bags and other personal leather goods. The re-
maining workers were employed in the following
industries : Leather tanning and finishing; indus-
trial leather belting and packing ; boot and shoe
cut stock and findings; leather gloves and mittens;
luggage ; and other leather goods.

-A. large proportion of the employment decline
in this major industry group between 1947 and
1964 was borne by the leather tanning and finish-
ing industry, where employment fell about 44
percent as manufacturers of shoes and other
leather products increasingly substituted man-
made materials for leather. The number of
workers in the footwear (except rubber) industry
declined about 10 percent in the same period, pri-
marily because of the growing importation of
shoes (which accounted for almost 10 percent of
total U.S. consumption in 1963) and increases in
output per worker. Manufacturers were able to
reduce labor requirements by making shoes of
simpler construction, by using manmade mate-
rials, and by using more automatic equipment.

Between 1958 and 1964,17 employment in the

17 BLS employment (payroll) data are not available for 0 of the
8 leather and leather products industry groups for the years prior
to 1958.

Lemaining leather and leather products industry
groups, combined, was relatively stable.

1964-75. Employment requirements in leather
and leather products manuxacturing in 1975 are
expected to remain at about the same level as in
1964. Domestic production of nonrubber foot-
wear is expected to increase gradually to 1975,
although some of the increased 'demand for foot-
wear generated by an increasing population prob-
ably will be supplied by imports. In terms of
employment, increasing output per worker is ex-
pected to offset the moderate rise in output. More
use of manmade materials as substitutes for
leather, the development of more uniform leathers,
and improved production machinery are the
primary factors that are expected to increase
production efficiency.

Employment in leather tanning and finishing
is expected to continue to decline as mechaniza-
tion of the processing of hides increases, and
manmade materials make further inroads. The
industry, however, is finding ways to make a bet-
ter, more uniform product, and the full effect of
manmade materials will be blunted to the extent
that this development succeeds.

Effects of Technological Developments on
Future Employment

In recent years, competition from imports of
footwear and from domestic rubber footwear has
stimulated U.S. manufacturers of nonrubber
footwear to take a much greater interest in new
manufacturing techniques and equipment. For
example, a new manufacturing process for casual
shoes eliminates most traditional shoemaking
operations. A line of women's casual shoes, intro-
duced in late 1964, is made by a vacuum-forming
process that shapes and forms the shoe so that the
bottom and most of the upper is made from a
single piece of a specially developed synthetic ma-
terial. The process eliminates conventional shoe
parts including insoles, sock lining, shanks, and
box toes, and does not require heel seat and toe
lasting.
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The recent introduction of manmade leather
substitutes for shoe uppers has made possible the
use of more mechanized equipment in shoe manu-
facturing. These leather substitutes are of uni-
form quality and can be cut in multiple layers by
automatic die-cutting machines, thereby affording
significant operating economies. However, even
usmg these new materials, mechanization is not ex-
pected to increase rapidly, because of constantly
changing styles, variable size runs, and because of
the small size of many establishments in the in-
dustry. Where manmade materials are used ex-
tensively, the need for the skills of the upper-
cutting operators may be reduced. To the extent
that leather substitutes wear longer than leather,
their increasing use may tend to slow sales of
shoes.

Research has been underway to develop leather
suitable for shoe uppers by breaking down raw
hides into their basic fibers and reconstituting
them into sheets with uniform properties. Re-
search also has been carried on to develop new

finishes for leather to improve its properties. A
new method of trimming hides has been developed
that would, if used widely by tanning establish-
ments, reduce some processing and handling
operations.

The use of more uniform leather and leather
substitutes in shoe manufacturing is expected to
affect employment requirements adversely for
cloth lining cutters, upper cutters: and workers
engaged in mulling, treeing, splittmg, and skin-
ning. In the long run, the efficiency of lasting
operations is expected to be improved. Uniform
thickness is expected to encourage the intro-
duction of machines that perform several lasting
functions.

New, more efficient, processing methods in bot-
toming and lasting can be expected to reduce the
number of machine operators in these production
departments. The use of injection molding ma-
chine and vulcanization equipment, which ac-
counted for 15 percent of shoe production in 1964,
reporteclly eliminates up to 30 traditional shoe-
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making operations. Thermalasting machinery,
which molds a complete synthetic or leather shoe
upper to a last and cements the parts together in
one operation, combines a large number of pre-
viously separate operations, including tacking,
stapling, and precementing. Improved heat set-
ting machines cut the time the shoe is on a last
from days to hours, greatly reducing the manu-
facturers' inventory of lasts. The use of con-
veyors to connect these processes also improves
production efficiency. Geometric lasting (based
upon the concept of changing all shoe dimensions
proportionately with each shoe size change, as
opposed to the arithmetic lasting system in gen-
eral use since 1887) permits the use of highly
flexible, automatic equipment, and has great po-
tential for reducing labor needs for adjusting and
orienting in shoemaking operations. Another
method of lasting introduced recently by a lead-
ing shoe manufacturer is based on statistical
studies of foot sizes. The firm claims to be able
to fit shoes more accurately with a 40 percent re-
duction in the number of sizes commoilly manu-
factured.

Mechanized materials handling techniques are
replacing manual methods in transporting work
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from one operation to the next, and in warehous-
ing operations. Conveyors are replacing the rack
and basket methods of transporting work irom
one operation to the next. Some conveyor systems
can be controlled by, means of a console, with one
operator directing the flow of work in a complete
section, such as a stitching room. A number of
firms have recently built modern, one-story plants,
especially designed to utilize conveyors in conjunc-
tion with other new equipment and processes.
Conveyors also are being utilized increasingly for
warehouse facilities. One large manufacturer is
using computers to control a large conveyorized
distribution center that can receive 50,000 pairs of
shoes per day and can ship 40,000 pairs to 1,500
dealers in one 8-hour shift, with fewer than 60
employees. This system can handle an inventory
of 1.5 million shoes with 49,000 different size and
style combinations, and it is being used to dis-
tribute the output of 17 production facilities.
The increasing use of these improved materials
handling systems is expected to reduce require-
ments for floor boys and girls, elevator operators,
and material handlers in warehouses.

Stone, Clay, and Glass Products (SIC 32)

Summary

Employment requirements in the stone, clay, and
glass major industry group are en-Acted to in-
crease slightly between 1964 and 1975, but slower
than between 1947 and 1964. Technological
change is expected to be a significant factor in
limiting employment growth.

Employment Trends

1947-61, Employment in this major industry
group increased from about 537,000 to 612,000 be-
tween 1917 and 1961.

In 1964, more than half of the workers in this
major industry group wceked in establishments
manufacturing clay products including cement,
concrete, gypsum, plaster, and pottery. Slightly
less than one-fourth of all the workers were in the
establishments making glass products, including
flat glass, glass containers, and other blown and
pressed glass products. The remaining establish-
ments, those producing stone and other nonmetal-
lic minerals products, employed about one-fifth of
the workers.

Between 1958 and 1964,18 employment growth
among these three broad segments of the major

111,8 employment (payroll) data by broad segmentelay,
stone, and glassare not available for the years prior to 1958.

206-754--80vol. 1-5

industry group differed, reflecting differences in
the increase in product demand and the rate of
introduction of laborsaving technology. Employ-
ment increased most (13 percent) in establish-
ments producing glass proclucts to meet the in-
creasing demand for this industry's products,
particularly glass containers and flat (sheet) glass.

Despite the increasing application of laborsav-
ing equipment, employment grew in industries
producing clay and cut stone and stone products
cluring the 1958-64 period. The number of work-
ers in establishments making clay products rose 6
percent, stimulated by the growing demand for
construction materials (cement, concrete brick,
etc.). Employment in establishments prOducing
cut stone and stone products rose 9 percent as out-
put increased rapidly, reflecting the demand by
other industrial users for such materials as abra-
sives, asbestos, and rock-wool insulation.

1964-75. Employment requirements in this ma-
jor industry group are expected to rise by about
10 percent between 1964 and 1975, to about 675,000.
Output is expected to be stimulated by increases
in population, new family formations, rising lev-
els of highway and building construction, and
expanding manufacturing activity, particularly
for motor vehicles.
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Employment trends for the individual indus-
tries within the major group are expected to differ
widely because of differences in levels of demand
and the impact of technological developments.
For example, worker requirements in establish-
ments prod.ucing glass containers are expected to
increase because of a substantial increase in de-
mand. Employment requirements are not ex-
pected to be significantly affected by mechaniza-
tion and other technological innovations because
the industry is already highly mechanized. In
contrast, employment in establishments making
flat glass products is expected to decline despite
rising demand, primarily because of the introduc-
tion of the "float" process. Labor requirements in
establishments proflucing other pressed or blown
glass produces are expected to remain relatively
unchanged. Although the substitution of plastic
materials for these glass products is anticipated,
many glass manufacturers are prepared to pro-
duce the plastic substitutes.

Employment trends are also expected to vary
among industries producing clay products. For
example, employment requirements in the hydrau-
lic cement and concrete block industries are ex-
pected to remain relatively stable through the next
decade. Plants using automatic controls in pro-
duction processes are expected to account for an
increasing proportion of output, resulting in re-
duced unit manpower needs despite a substantial
increase in demand, principally because of rising
levels of construction activity. On the other hand,
employment requirements in other clay producing
industries (those producing gypsum, plaster, lime,
and other concrete products) are expected to in-
crease, because of growing tlemand. The steel in-
dustry's requirements for lime, for example, are
expected to expand significantly. In the basic
oxygen steel-making process (which is expected
to increase sharply m the years ahead), more than
four times as much lime per ton of steel is re-
quired as in the open hearth method. The antici-

EMPLOYMENT AND INDUSTRIAL PRODUCTION IN STONE,
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pated increase in home construction activity as the
result of new family formations will also stimu-
late the demand for such rroducts as plaster, plas-
terboard, brick, clay pipe, and ceramic tile.

Employment requirements in the industries pro-
ducing cut stone and stone products are expected
to remain relatively stable through the raid-1970's
as increasing demand for construction related
productsinsulation, asbmtos, etc.is roughly
offset by a drop in demand for abrasive products,
resulting from the development of longer lasting
abrasive materials as well as product substitution.

Effects of Technological Developments on
Future Employment

Technological developments are expected to have
a significant effect on the number and characteris-
tics of jobs in this major industry group through
the mid-1970's. For example, although the glass
products industries are already highly mechanized,
recent technological developments are expected to
result in improved production equipment and
techniques. The use of improved bricklining in
furnaces should tend to reduce maintenance re-
quirements, thus the need for bricklayers. The
utilization of automatic weighing devices to appor-
tion raw materials is expected to reduce the need
for operative personnel. In the production of flat
glass, the increasing use of the "float" process will
reduce requirements for operators of grinding and
polishing equipment. The need for materials
handling and packing personnel is expected to be
adversely affected by the growing application of
automatic conveyor systems, casing machines, and
the development of new coating materials that re-
duce glass breakage. The widespread use of semi-
automatic electronic devices to inspect bottles and
other glass containers will reduce the need for in-

. spe9tors. Conversely, the relative importance of
instrument mechanics is expected to increase be-
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cause of the growing instrumentation of produc-
tion processes.

The growing substitution of plastic for glass is
expected to alter materials moving methocls and
container forming techniques, and could also ad-
versely affect employment in the glass container
industry to the extent that production of plastic
containers is classified in industries other than
glass containers.

Technological innovations in industries produc-
ing clay products are expected to continue. Con-
tinuous process operations in some plants are now
controllell by computers, and more plants are ex-
pected to utilize them in the future, thus providing
a need for additional personnel trained in the oper-
ation of computers and peripheral equipment. A
wide variety of instruments are now used in the
operation of mixing equipment, weighing devices,
kilns, loading and unloading racks, and other
equipment ; greater use should boost requirements
for instrument mechanics, but reduce the need for
operators. Requirements for other types of repair-
men should rise with the growing use of mecha-
nized materials handling equipment and television
monitoring systems. However, the greater use of
this egnipment will probably reduce the need for
materials handling and operative personnel. Ro-
tary hearth kilns and petrotherm heating systems,
now used in only a few establishments, are expected
to be used increasingly, resulting in greater funiace
efficiency and a red.uction in maintenance require-
ments. The adverse effects of laborsaving technol-
ogy will be partially offset by the increasing de-
mand for new and improved clay products, for
example, prestressed concrete and concrete with
additives to control shrinkage and to provide
greater resilience.

The increasing application of ceramic materials
to developments in the fields of aerospace and
atomic energy are expected to result in growing
requirements for scientists and engineers in re-
search and development activ ities.

Primary Metals Industries (SIC 33)

Summary

Employment requirements in the primary
metals industries are expected to increase slightly
between 1964 and 1975, contrasted with a slight
decline between 1947 and 1964. The continumg
introduction of laborsaving technological innova-
tions and organizational improvements are ex-
pected partially to offset the anticipated increasb
in production, thus limiting manpower require-
ments in these industries through the mid-1970's.

Employment Trends

1947-64. Total employment in this major indus-
try group declined from about 1.3 million to
slightly more than 1.2 million between 1947 and
1964, a decline of about 4 percent. In contrast,
total employment in all manufacturing increased
by 11 percent over the period. Employment and
output in the primary metals industries major in-
dustry group fluctuates widely with general busi-
ness conditions and the demand for capital goods.
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Employment
(in 0001s)

1947
1948
1949
1950
1951
1952
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1954
1955
1956
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1958
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1961
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EMPLOYMENT AND INDUSIRIAL PRODUCTION IN
PRIMARY METALS, 1947-64
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Between 1947 and 1958 primary metals employ-
ment fluctuated between 1.1 and 1.4 million. Since
1958 it has stabilized around 1.2 million. Produc-
tion worker employment declined at a faster rate
than total employment over the 17-y_ear period,
falling from slightly more than 1.1 'million in 1947
to about 1 million m 1964. Employment of pro-
duction workers reached its lowest level in 1961
slightly more than 900,000and then rose steadily
through 1964.

The primary metals industries include six in-
dustry groups. Two are ferrous, three are non-
ferrous, and one includes both ferrous and nonfer-
rous establislunents. In 1964, more than two-
thirds of the total employment in this major in-
dustry group was concentrated in two industry:Is manufacturing iron and steel : (1) Blast

ces, steel works, and rolling and finishing
mills, which employed about one-half of all work-
ers; and (2) iron and steel foundries, which repre-
sented another 17 percent. The nonferrous indus-
try groups include : Smelting and refining of

nonferrous metals ; rolling, drawing, and extrud-
ing of nonferrous metals ; and nonferrous found-
ries. These industries employed about 27 percent
of the workers. The remainmg workers, about 5
percent, were employed in. establishments pro-
clueing miscellaneous primary metal products,
including both ferrous and nonferrous forgings.

Although employment in both the ferrous and
nonferrous segments of the major industry group
rose between 1958 and 1964," the rates of growth
have differed, primarily reflecting differences in
the rates of increase in production and introduc-
tion of laborsaving technology. Employment in-
creased most rapidly (about 9 percent) in non-
ferrous industries, while output increased by about
51 percent. Employment increased by only 6 per-
cent in the iron and steel industries, but output
increased from its 1958 recession low by more than
45 percent, partly as a result of laborsaving tech-
nological developments such as the basic oxygen

19 BLS employment (payroll) data for most nonferrous industry
groups are not available for years prior to 1958.
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furnace, improvements in the preparation of raw
materials, organizational improvements, and the
tendency for production to increase faster than
employment after a recession. Output per em-
ployee has also increased in nonferrols inelustries
although slower than in the iron and steel indus-
tries. The increased output per employee in the
nonferrous industries has renilted from improve-
ments in conventional production methods, techno-
loecal developments such as continuous casting of
aluminmn, improved worker training, and a
variety or other factors.

Increased demand for steel and steel products
can be traced to the high levels of production by
the major users of steelthe automotive, construc-
tion, machinery, and container industries. More
favorable depreciation guidelines and the tax
credit for new investments has spurred capital
goods expenditures, a basic market for steel. In
addition, stepped up research and development
activities and, in recent years, a substantial, mdus-
try-wide sales promotion program has contributed
to the increased production of steel. Increased
production of copper and copper products has
resulted from growth in construction, transpor-
tation, electric power distribution, coinage, and
a wide variety of producer and consumer durable
goods. Research, development of new products,
and active promotional activities have been im-
portant factors in the growth in demand for alu-
minum ; since 1952, the growth rate has been about
double that of industrial production. Aluminum
has also become competitive to a limited extent in
some of steel's traditional markets. The building
and construction, transpoitation equipment, con-
tainer and packaging, and consumer durable goods
industries have mcreased their consumption of
aluminum relative to other metals. However, for
many uses, the various ferrous and nonferrous

imetals are n active competition with each other
and with materials such as plastic, cement, and
plywood. Growing population levels and rising
levels of disposable mcome have stimulated the
demand for metal consumer durables, including
automobiles and household appliances. There has
been an increased demand for highways, commer-
cial and industrial constniction, and producers
durable equipment such as machinery, all of which
require large amounts of primary metals.

.196 4-7 5. Despite the substantial increase antic-
ipated in output, total manpower requirements in
the primary metals industries are expected to in-
crease only slightly in the years ahead, even assum-
ing a slight reduction in imports of steel. By 1975,
employment needs might reach almost 1.3 million,
less than 5 percent above the 1964 employment
level. Output of metal consumer durables is ex-
pected to increase during the next decade in re-
sponse to growth in the population and rising
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levels of disposable income. Output is also ex-
pected to be stimulated by an increased demand for
housing, factories, office buildings, highways, and
producers durable equipment such as machinery.

Employment trends for ferrous and nonferrous
industry groups are expected to differ widely be-
cause of clifferencas in levels of demand and the
impact of technological developments. For ex-
ample, manpower requirements in nonferrous
foundries are expected to increase rapidly because
of a substantial increase in the demand for non-
ferrous (especially aluminum) castings. Produc-
tion of aluminum castings is expected to grow
rapidly because aluminum is used increasingly in
a wide range of new products. In contrast, little
employment growth is expected in establishments
producing and casting iron and steel, which ac-
counted for over two-thirds of total primary
metals employment in 1964. The growing use of
electronic data processing and communications
equipment is expected to result in increased effi-
ciency in office operations, particularly in basic
iron and steel establishments. Continued in-
creases in output per production worker are ex-
pected to result from increasing use of the basic
oxygen furnace and the continuous casting proc-
ess ; greater use of oxygen in blast furnaces and
open hearth furnaces ; continued mechanization
of materials handling operations ; and the greater
use of instruments to control production, espe-
cially in rolling mills, in tin coating processes, and
in heating and controlling furnaces. However,
the growing industrial demand for higher quality
steel may act as a slight restraint on future in-
creases in output per worker.

Manpower requirements in the remainder of the
major mdustry group are expected to increase
slightly between 1964 and 1975. Continued mech-
anization of materials handling is expected to be
one of the major factors in limiting manpower
requirements in these industries.

Effects of Technological Developments on
Future Employment

Tectinological developments are expected to have
a significant effect on the number and characteris-
tics of jobs in this major industry group through
the mid-1970's. Developments in iron and steel in-
dustries have formed a significant part of the
changing technology in the primary metals major
industr7 group. Important innovations include
the 'basic oxygen furnace, and the continuous cast-
ing process. The basic oxygen furnace had become
the second most important steelmaking process
in the United States in 1964 (exceeded only by the
open-hearth process) and its importance is ex-
pected to continue to grow through the mid-
1970's. Continuing improvements in the basic
oxygen process suggest a rapid growth. The basic
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oxygen furnace can now reduce pig iron to steel
four to six times faster than the open hearth. In
addition, capital and operating costs are substan-
tially lower than such costs in conventional open-
hearth operations.

The increased use of the basic oxygen furnace
and the use of oxygen lances in blast furnaces and
open-hearths is expected to increase the need for
engineers and scientists needed to develop mathe-
matical models and pilot studies in order to obtain
the optimum benefits from the new and improved
techniques. Conversely, the relative importance
of operatives is expected to decrease because the
greater speed of the basic oxygen process enables a
given amount of steel to be made with fewer fur-
naces. These developments may reduce the skill
requirements of some of ths remaining employees,
for example, the operator of the basic oxygen f-ur-
nace may be less skilled than the operator of an
open-hearth furnace. In addition, improvements
in refactories used in blast furnaces and steelmak-
ing furnaces arl expected to increase the lives of
furnace linings substantially, thus lowering the
requirements for brickmasons.

QDne of the latest developments in steelmaking
is the continuous casting process, which converts
molten steel directly into semifinished shapes, elim-
inating some of the steps used in the conventional
process. Greater use of the continuous casting
method is expected to increase the need for scien-
tists and engineers, reduce the relative importance
of certain skilled occupations such as rollers and
roll hands, and reduce the relative importance of
cranemen who are used to transfer molten steel

to the ingot molds and workers who remove the
molds from the steel, move ingots to and from
soaking pits and reduce ingots in size in the bloom-
ing, roughing and slabbing mills.

Increased mechanization and instrumentation
has increased speeds of conventional finishing
mills, and made possible closer tolerances in rolling
and more uniformity in products. Innovations
in instrumentation are anticipated because of the
great adaptability of basic oxygen steelmaking
and continuous casting to automatic control.
Greater instrumentation is expected to increase
the relative importance of instrument repairmen
in the major industry group.

Improvements in existmg facilities have re-
sulted in greater efficiency in conventional produc-
tion methods used in the nonferrous segments of
the major industry group. Major areas of change
include larger ingots, faster rolling rates, and
increased use of electronic controls. These devel-
opments have tended to reduce the relative impor-
tance of operatives and some craftsmen such as
rollers and roll hands.

Continuing improvements in foundry tech-
nology are expected to lead to substantial increases
in output per employee. For example, the in-
creased mechanization of coremaking operations
could reduce the relative importance of coremak-
ers. Unit labor requirements for materials han-
dling and packing personnel is expected to be re-
duced by the introduction and increased use of
materials handling equipment in all industries
within the major industry group.

Fabricated Metal Products (SIC 34)

Summary

Employment requirements in the fabricated
metal products major industry group are expected
to rise faster in the next decade than between 1947
and 1964. Employment requirements are not ex-
pected to rise as fast as production because the
application of laborsaving technological innova-
tions will increase output per worker.

Employment Trends

1947-64. Employment in the fabricated metal
products major industry group increased from
about 989 thousand to approximately 1.2 million
between 1947 and 1964, or 20 percent. During this
period, output of fabricated metal products in-
creased mainly because of expanding population,
rising levels of personal and corporate income, and
increasing construction and manufacturing activ-

ity, particularly new nonresidential construction
activity and automobile production.

In 1964, almost 30 percent of total employment
in the fabricated metal products major ind.ustry
group was in establishments manufacturing fabri-
cated structural metal productst including fabri-
cated structural steel, metal window and door-
frames, power boilers and storage vessels, and
architectural and ornamental metalwork. One-
sixth of all workers were employed in establish-
ments producing metal stampings. In addition,
about 25 percent of all employees worked in
establishments making cutlery, handtools, and
general hardware, including razor blades,
wrenches, saw blades, and transportation equip-
ment and builders hardware; and in establish-
ments producing such miscellaneous fabricated
metal products as steel drums and pails, safes and
vaults, steel springs, valves and pipe fittings, col-
lapsible tubes, metal foil products, and fabricated
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pipe. The remaining workers were employed in
establishments making screw machine products,
and bolts, nuts, screws, rivets, and washers ; heat-
ing apparatus (except electric) and plumbing fix-
tures ; metal cans miscellaneous fabricated wire
products ; and perionning coating, engraving, and
allied services.

Between 1958 20 and 1964, employment trends
differed widely among the fabricated metal prod-
ucts industry groups. For example, employment
increased by slightly more than one-quarter in es-
tablishments performing coating, engraving, and
allied services as demand rose for plated parts,
such as bumpers used in transportation equipment.
However, employment in establishments produc-
ing metal cans remained virtually unchanged,

so BLS employment (payroll) data for most fabricated metal
products industry groups are not available for years prior to 1958.
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mainly because growth iu the demand for cans was
limited by competition from fiber-foil, plastic, and
glass containers, and by the increasing use of
laborsaving technological innovations.

1964-75. Employment requirements in this major
industry group are expected to rise to about 1.5
million in 1975, nearly 23 percent above the 1964
level. Although the high levels of economic activ-
ity anticipated in the decade ahead will stimulate
output of fabricated metal products, employment
will increase more slowly because of the grow-
ing application of laborsaving technological
innovations.

Employment trends in the individual fabricated
metal products industry groups are expected to
continue to differ widely because of differences in
levels of demand and the rates of adoption of
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laborsaving technological innovations. For ex-
ample, employment requirements in establish-
ments performing coating, plating, and allied
services are expected to rise substantially because
of rising demand. The production processes used
in these establishments are already highly mech-
anized ; consequently, technological developments
are not expected to have a significant impact on
labor requirements. In contrast, employment re-
quirements in establishments making metal cans
are expected to decline slightly despite rising de-
mand, mainly because of improvements in pro-
duction machinery and procedures that will in-
crease output per worker.

Effects of Technological Developments on
Future Employmekit

Technological developments are expected to be
a significant factor in limiting employment growth
in this major industry group through the mid-
1970's. New and improved industrial machinery
is expected to be used increasingly, much of which
will be controlled automatically. Greater use of
instruments is anticipated for quality control and
other operations. The use of automatic transfer
and conveyor systems will reduce labor require-
ments for machine feeding and materials handling.
One of the major developments anticipated is the
more widespread use of numerically controlled
machine tools.

The integration of conventional machine tools
with conveyors and mechanical and electronic
control devices should result in more automatic
processing and handling cf work pieces. Such
gstems are most feasible in establishments pro-
ducing large quantities of a standardized product,
such as razor blades and metal cans; however, the
transfer line technique can also be used economi-
cally in production operations such as heat treat-
ing, welding, forging, and plating. In view of
the greater efficiency of automatic transfer equip-

ment, it is expected that manufacturers will install
this equipment at a fairly rapid rate throughout
the 1965-75 decade, resulting in reduced require-
ments for machine operators and materials
handling laborers.

Numerical control is a major advancement in
machining operations. This innovation provides
a means of automatically controlling the operation
of machine tools by use of electronic devices and
changeable tapes on which directions have been
punched. This technique is particularly suitable
for producing a variety of different metal parts
in small volumethe job shop type production
typical of many establishments in this major in-
dustry group. Reportedly, numerical control not
only makes possible substantial reduction in unit
labor requirements relative to conventional ma-
chine tools, but also provides cost savings through
reduced scrap and inventories of jigs and fixtures,
and, because of greater accuracy and flexibility,
makes feasible production of parts formerly un-
economical or technologically impractical. .As of
1963, there were less than 300 numerically con-
trolled machines in use in the industry, but the
number is expected to expand substantially
through the mid-1970's as the price of these ma-
chines continues to decrease and as management
becomes more awa::e of their advantages. In many
instances, the use of numerically controlled equip-
ment requires management to assume direct re-
sponsibility for .such production operations as
interpreting engineering drawings, establishing
machine setups, d.etermining tooling, and selecting
cutting speeds and feeds, a responsibility assumed
by operating personnel such as machmists and
shop supervisors when conventional tools are used.
As a result of these changes, additional engineers
and programers may be required to plan and pro-
gram production operations. However, employ-
ment requirements for production and toolroom
machinists, machine tool operators, and tool and
die makers are expected to be adversely affected.

Machinery, Except Electrical (SIC 35)

Summary

Employment requirements in the machinery,
except electrical, major industry group are ex-
pected to increase rapidly between 1964 and 1975.
However, employment is not expected to increase
as rapidly as production because of the increasing
application of laborsaving technological 'nnova-
tons.

Employment Trends

1947-64. Emplovnent in the machinery, except
electrical, major industry group varied substan-

tially from year to year in its rise from about 1.4
million in 1947 to approximately 1.6 million
workers in 1964. During the intervening years
relatively high employment occurred in 1953
(1.55 million) and in 1957 (1.59 million). Non-
production worker employment increased by 70
percent between 1947 and 1964, and rose from 21
to 30 percent of the total. Employment of produc-
tion workers increased by only 3 percent over the
1947-64 period, reaching its peak in 1953. In 1964,
employment of production workers was about 2
percent below the 3953 peak.

The machinery major industry group consists of
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9 different industry groups. In 1964, the largest
in terms of employment was metalworking ma-
chinery, with almost 18 percent of all workers.
Slightly more than one-fourth of all workers were
in establishments manufacturing special industry
machiner7 or general industrial machinery ; 16
percent, 111 establishments manufacturing con-
struction, mining: and materials handling ma-
chinery and equipment ; about 11 percent, in
establishments manufacturing office, computing,
and accounting machines; and the remaining
workers were in establishments producing engines
and turbines, farm machinery anti equiRment, serv-
ice industry machinery, and miscellaneous
machinery.

Employment in all but one of the machinery
industry groups rose between 1958 and 1964; 21
however, the rates of growth differed widely, re-
flecting differences in the increases in product de-

u BLS employment (payroll) data for molt industry groups
are not available for the years prior to 1958.
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mand and the rates of introduction of laborsaving
technology. Employment declined in the engines
and turbines industry, as the demand declined for
products such as navy and marine steam tur-
bines. In contrast, employment increased rapidly
(over 80 percent) in the accounting, computing,
and office machine industry groups, primarily be-
cause of a very rapid increase in the demand for
computers. Rapid employment growth also
occurred in establishments producing general in-
dustry machinery, miscellaneous machinery, and
metal working machinery (primarily machine
tools). In the latter establishments, employment
gains reflected the expansion and modernization of
the domestic metalworking industries, particularly
the automotive industry, the largest user of ma-
chine tools. An upsurge in foreign demand for
U.S. machine tools also contributad to increased
employment in these establishments.

Employment rose rapidly in establishments
producing construction, mining, and materials

EMPLOYMENT AND INDUSTRIA!, PRODUCTION IN MACHINERY,
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handling equipment and machinery, reflecting an
increased demand for machinery and equipment
used in mining, logging, agriculture, oil fields, ltmd
reclamation, irrigation, power ansi commuitica-
tions systems, and municipal maintenance, as well
as in general construction. The increasing use of
materials handling equipment in many industries
has contributed to employment growth in this in-
dustry group. In addition, employment in estab-
lishments manufacturing service industry machW-
ery, such as vending machines and dry cleaning
equipment, rose rapidly with the general increase
in the demand for personal services.

Employment increased moderately in the indus-
try groups manufacturing farm machinery and
special industry machinery. In the latter, em-
ployment gains reflected the replacement of obso-
lete equipment and increased demand for the
products of direct user industries such as textiles,
paper and paper products, and foods. The de-
mand for these pros:Wets was stimulated by rising
levels of population and personal disposable
income.

1964-75. Employment requirements in the major
industry group are expected to rise by more than
one-fourth between 1964 and 1975, to about two
million, somewhat faster than during the 1947-64
period. Employment is expected to grow as a
result of increasing demand for machinery and
related equipment.

Three factors are expected to increase demand
for machinery and related equipment. Expendi-
tures for new plant and equipment in general are
anticipated to increase rapidly. In addition, a
high proportion of machinery currently in use is
obsolete and will have to be replaced. As of 19639
for .:Ttmple, 64 percent of the metalcutting ma-
chinery in use was at least 10 years old, and 20
percent was more than 20 years old. Also, rules
governing depreciation allowances have been
changed to allow a more rapid depreciation of new
machmery and equipment. Federal tax law
changes, which allow income tax credit for new
investments in plant and equipment, will also
stimulate demand for machinery.

Employment trends for individual industries
within the major industry group are expected to
differ only slightly because of the differences in
levels of demand and the impact of technological
developments. For example, worker requirements
are expected to increase rapidly in establishments
producing special industry machinery, such as food
processing machinery, textitle machinery, paper
industries machinery, and printing trades machin-
ery. Expanding population and rising levels of
personal disposable income will result in a greater
demand for food, clothing, and furniture, as well
as for paper and paper products. Increasing

emphasis on education will raise the demand
for books and other printed materials that are
produced by special industry machinery manu-
facturers.

Manpower requirements also are expected to
increase rapidly in the machine tool industries.
The increasing use of numerically controlled
equipment should increase machine tool orders.
However, greater demand for numerically con-
trolled equipment may be, at least in part, at the
expense of orders for conventional machines.

lEmployment in the construction, mining, and
matenals handling machinery and equipment in-
dustries is expected to be spurred by rising
construction activity to meet the needs of an in-
creasing population. In addition, emphasis on
cost-reduction and rationalization of materials
movement will increase the need for mechanized
materials handling equipment.

Effects of Technological Developments on
Future Employment

Increases in output per employee are expected
to offset, in part, mcreases in machinery produc-
tion through the mid-1970's. Significant devel-
opments will include the greater use of numerically
controlled machine tools, automatic transfer
equipment, production control instruments, and
computers that improve production and data
processing operations.

Numerical control of machine tools constitutes
a key technological development in the evolution
of machinery. Previous changes largely involved
improvements in power, speed., and specialization
of machine tools. Numerical control provides a
means of mechanizing control of machine tools by
means of electronic devices and changeable tapes
on which directions have been punched. It con-
stitutes a technique for reducing labor require-
ments in machining small lots of metal parts and
equipment. The small lot or "job shop" process
is characteristic of this major industry group.
Numerical control makes it possible to reduce sub-
stantially unit labor requirements relative to con-
ventional machine tools. (Examples reportedly
include unit labor savings of 25 to 80 percent over
conventional methods.) The number of numeri-
cally controlled machine tools in use in the major
industry group is expected to increase sub-
stantially through the mid-1970's. As a result,
manpower requirements for machinists, and ma-
chine tool operators may be reduced. Conversely,
additional engineers, programers, and technicians
may be needed.

Use of automatic transfer equipment will grow
at a fairly rapid rate in establishments producing
large quantities of a standardized product.
Transfer machines are multistation machines
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within which the work piece is automatically
moved from station to station. Separate opera-
tions are performed at each station. As a general
rule, the loading and unloading of the machines,
as well as the positioning of the work piece, is
automatic. The increased use of such equipment
will have an adverse affect on machine tool opera-
tors and materials handling laborers, thus reduc-
ing the relative importance of these workers.

I.ncreasing reliance will be placed on instrumen-
tation and computer control. Increased instru-
mentation will tend to lower the relative
importance of inspectors and operators, but raise
requirements for mstrument repairmen. In ad-
dition, inventory control and accounting functions
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may be handled by electronic computers, thus
lowering the requirement for some clerical workers.

Employment requirements could be affected by
new metal-working processes currently in limited
use or under development that remove metal with-
out the use of a cutting tool. The more important
techniques include chemical machining, electro-
lytic machining, electrical discharge machining,
electron beam machining, and laser beam machin-
ing. The increased use of electrical discharge
machinery could, for example, reduce the need for
diemakers. However, the use of these techniques
is not expected to increase fast enough through
the mid-1970's to affect significantly employment
requirements.

Electrical Machinery, Equipment, and Supplies (SIC 36)

Summary

Employment requirements in the electrical
machinery, equipment, and supplies major indus-
try group are expected to increase very rapidly
during the decade ahead. Despite the growing
application of laborsaving devices and processes,
it is estimated that about 2.0 million workers
will be required by 1975 to meet the anticipated
rapid growth in demand for the products of this
major industry group.

Employment Trends

1947-64. Employment in establishments manu-
facturing electrical machineu, equipment, and
supplies increased from slightly more than 1 mil-
lion in 1947 to more than 1.5 million in 1964, or
about 50 percent. During the same period, pro

i
-

duction n this major industry group rose 175
percent.

In recent years, employment and output in the
industries primaril7 engaged in manufacturing
electronic products increased faster than in those
industries producing electrical items. Between
1958 and 1964, employment in three industry
groups manufacturing electronics rose 37 percent,
while employment in the five industry groups pri-
marily engaged in manufacturing electrical prod-
ucts rose 12 percent.

During the 1958-64 period, nearly half of elec-
tronics shipments reportedly went into the Nation's
military and space efforts. Many of the military-
space products were complex, low volume items,
which were not produced by mass production
methods. On the other hand, many of the produc-
tion processes in the electrical products industries
involved the fabrication of metal or plastic parts,
which were usually mass produced.

In 1964, about half of the workers in this major
industry group were employed in three industry
groups primarily engaged in manufacturing
electronic productscommunications equipment
(which includes industrial, commercial, military
and space products) ; electronic components; and
radio and television sets and other home enter-
tainment equipment. The remainder of the em-
ployees were apportioned among the five industry
groups primarily engaged in manufacturing elec-
trical equipment as follows : Electrical distribution
equipment, 10 percent ; electrical industrial ap-
paratus, 12.percent ; household appliances, 10 per-
cent; electrical lighting and wiring equipment, 10
percent; and miscellaneous electrical equipment
and supplies, 6 percent.

1964-75. Manpower requirements in the electrical
machinery, equipment, and supplies major indus-
try group are expected to increase rapidly through
1975, to about 2.0 million, or about 10 percent
of all workers employed in manufacturing.

The projected increase in employment will result
from the very rapidly rising demand for electronic
and electrical products, particularly electronic
products. While items for military and space ef-
forts will continue to be needed , the demand for
other products is expected to increase more rapidly
than in the past because of rising levels of general
economic activity, and increasing requirements for
electrical and electronic products. For example,
electrical equipment requirements in industrial
plants are two to three times the amount needed
20 years ago; this trend is expected to continue and
raise the demand for electrical products such as
motors, wiring, lighting, and industrial controls.

The demand for electrical equipment should also
be stimulated by improvements in urban transpor-
tation, including the construction of subway sys-
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tems that use electric power by the construction
of atomic powered electric utility systems ,. and by
the installation of underground transmission sys-
tems. The mechanization and automation of many
industrial processes will stimulate demand for
electronic products such as instruments, controls,
and closed circuit television.

It is anticipated that the growing commercial
market for electronic data processing equipment
and other electronic products will greatly increase
the demand for electronic components. The rapid
growth in population and family formation and
the higher levels of personal spendable income are
expected to provide booming markets for consumer
and consumer-related items such as radios and tele-
vision sets, electric light bulbs, and new home con-
struction (which requires many electrical prod-
ucts). Electrical and electronic systems also will
play a significant role in telecommunications,
underwater research, medicine, electrolumines-
cense, and optical technology.

Effects of Technological Developments on
Future Employment

Technological developments are expected to con-
tinue affectmg not only the level of employment,
but worker skill requirements. Increasmg mech-
anization and instrumentation of production proc-
esses will raise employment requirements for
skilled maintenance workers and reduce employ-
ment requirements for machine operators.

One of the more significant technological iimo-
vations in this major industry group, affecting
both production processes and product mix, has
been the introduction of microminiature solid-
state electronic components and circuitry such as
integrated circuits, modular circuitry, thin films,
and other microelectronics. First introduced
into the sophisticated one-of-a-kind electronic sys-
tems for the military and space efforts, the use of
solid-state circuitry is expected to become wide-
spread throughout this major industry group.
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Until recently, most electrical and electronic
switching devices have been of an alectromechani-
cal nature. These switching devices are being re-
placed by electronic circuitry in products such as
telephone switching apparatus, motor controls,
!ignition systems, and alternators. As a result, it
is anticipated that more electronic technicians and
inspectors will be needed in establishments pro-
ducing this equipment. The manufacture of
microelectronic circuitry is expected to become
increasingly mechanized during the decade ahead,
thus adversely affecting employment requirements
for assemblers.

Increasing mechanization will tend to reduce
unit labor requirements in the manufacture of
products such as television and radio sets, com-
ponents., and electric light bulbs, which are mass-
produced. In these plants, electronic-controlled
inspection and testing devices, and automatic in-
sertion and transfer machines will reduce the
requirements for assembling, inspecting, and test-
ing workers. Electrostatic spray painting tech-
niques in plants manufacturing household appli-
ances will reduce the number of workers needed
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for these painting processes. Automatic conveyor
systems will continue to eliminate significant num-
bers of materials handlers in many plants manu-
facturing electrical and electronic products. The
greater use of computer-controlled and other new
drafting techniques are expected to reduce engi-
neering detail time and may adversely affect em-
ployment requirements for draftsmen.

Although tlie increasing use of electronic data
processing systems will reduce the need for some
kinds of clerical workers, it is expected that em-
ployment requirements for occupations such as
operators of peripheral computer equipment and
secretaries will increase. The demand for skilled
maintenance personnel, particularly instrument
repairmen, is also expected to rise, because of the
need to maintain and repair the increasing
amounts of complex machinery. The overall de-
mand for engineers, scientists, and technicians is
expected to increase because of the anticipated ris-
ing expenditures for research and development,
and the continuing trend toward the production
of complex equip:I:Lent.

Transportation Equipment (SIC 37)

Summary

Employment in the transportation equipment
major industry group is expected to increase
slowly between 1964 and 1975, compared with a
rapid rise between 1947 and 1964. Technological
change is expected to play a significant role
in restricting employment growtb through the
mid-1970's.

Employment Trends

1941-84. Employment in this major industry
group increased from 1.8 million to 1.6 million be-
tween 1947 and 1964a gain of nearly 26 percent.
Considerable variation in the level of employment
occurred, however, during the intervening years.
Employment increased rapidly between 1947 and
1958, primarily as a result of a large employment
increase in the aircraft and parts industry group.
In 1953, employment in the transportation equip-
ment industry group numbered 2 million workers,
the highest Ievel it attained during the 1947-64
period. Employment remained at a relatively
high level through the 1953-57 period, but drifted
into a decline in 1958 that persisted through 1961
when employment bottomed-out at 1.5 million.
This downturn was due, in part, to the overall
decline in employment in the aircraft and motor
vehicle industry grroups. After 1961, employmnt
turned upward primarily as a result of a substan-

dal increase in motor vehicle manufacturing
em_ployment.

Nearly 85 percent of total employment in the
transportation equipment major industry group is
concentrated in the two largest industry groups
motor vehicles and motor vehicle equipment indus-
try which accounted for almost half of transpor-
tation equipment employment in 1964; and
aircraft and parts, which represented over one-
third. The remaining workers are employed in
the following industry groups Ship and boat
building and- repair ; railroad- equipment ; motor-
cycles, laicycles, and. parts; and miscellaneous
transportation equipment.

Though there was an overall increase in employ-
ment in the transportation equipmmt major in-
dustry group between 1947 and 1964, the rates of
change among the individual industry groups dif-
fered. substantially. Employpent declines:1 slightly
in the large motor vehicle industry group as in-
creased output per worker, in large part, offset
increased production of motor vehicles. In con-
trast, employment increased rapidly in the aircraft

i
andparts industry group because of : (1) An over-
all ncrease in Government procurement for air-
craft and missiles for defense purposes, (2) the
development and manufacture of space vehicles
for an expanding space program, beginning in the
late 1950's (3) rising expenditures for research
and develOpment, which significantly increased
the number of scientists, engineers, and tecluil-
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cians, and (4) increased demand for airplanes by
the commercial airlines and other segments of
civil aviation.

Employment in ship and boat building and re-
pair declined overall between 1947 and 1964.
Employment fell most rapidly in the years imme-
diately following World War II as Government
shipbuilding expenditures declined and many
ships were relegated to the "mothball fleet".
After substantial yearly declines in employment
through 1950, sharp increases in defense expendi-
turest necessitated b the Korean emergency, re-
sulted in a si s scant employment increase
between 1950 an I 1952. Since 1952, employment
in the major industry group has remained at a
relatively stable level, although far below that
exRerienced during World War II.

Employment in the railroad equipment industry
group declined significantly over the 1947-64
period. The conversion from steam to diesel
locomotives that began in earnest at the end of
World War II, was virtually completed by 1958.
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Once the conversion process was accomplished,
most of the production activity in this industry
group was devoted to the repair

'
modification, and

replacement of existing diesel locomotives and
freightcars, and the production of parts.

Employment increased moderately between
1958 and 1964 22 in those establishments manufac-
turing other transportation equipment such as
motorcycles, bicycles, and trailer coaches.

1964-75. Manpower requirements in transporta-
tion equipment manufacturing are expected to
increase slowly in the years ahead. By: 1975, em-
ployment needs in this industry may increase to
slightly more than 1.7 milliona rise of approx-
imately 7.8 percent from the 1964 level. The
slight increase in employment requirements is ex-
pected

i
primarily as a result of slow employment

growth n the manufacture of motor vehicles and
employment declines in establishments manufac-

BLS employment (payroll) data tor these industry groups
are not available for the years prior to 1858.
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turing aircraft and missile and spacecraft compo-
nents. Increases in output per worker in motor
vehicle manufacturing establishments are expected
to limit employment growth, and increases in out-
put per worker coupled with a declining market
for military aircraft should cause employment to
decline in establishments manufacturmg aircraft
and parts. Employment in the other industry
groups (ship and boat building and repair ; rail-
road equipment ; and "other transportation equip-
ment") may increase slightly. However, changes
in Government policy relating to shipbuilding and
shipping could affect the level of employment
projected in shipbuilding.

Effects of Technological Developments on
Future Employment

Technological change is expected to continue to
increase output per worker in this major industry
group. Laborsaving innovations will be significant
in the aircraft and parts, and motor vehicles in-
dustry groups. (See individual statements that
follow.) In comparison, the employment impact
of technological development in the ship and
boat 'building and repair ; railroad equipment ; and
other transportation equipment industry groups
is expected to be less significant.

Employment growth in machining occupations
could be slowed by widespread use of numerical
control during the 1964-75 period. Employment
of machine tool operators is particularly vulner-
able to this change and is lBEely to be reduced.
Also, highly skilled craftsmen, such as toolmakers
and setup men, are likely to be affected adversely
since fewer jigs, fixtures, and machine setups will
be required.

There is expected to be an increasing use of com-
puters in office activities, operations research, pro-
duction planning ? inventory control, and in design,
test, and. evaluation. The use of electronic data
processing systems (EDP) will reduce future re-
quirements for routme clerical workers in activi-
ties such aS billing, posting, filing, and maintaining
records? and in some office machine jobs such as
tabulatmg and bookkeeping. 'Central, integrated
records systems may make inroads to further limit
clerical employment. Computers also tend to re-
duce employment requirements in certain types of
factory jobs because they allow tighter production
standards and inventory control. Their use in
production planning and in testing may also result
in lower employment levels. Requirements for
lower and middle management employees may also
be affected by growing use of computers because
of the centralization and coordination of decision-
making and other organizational changes they
make possible. On the other hand, opportunities
may increase for occupations such as programer,
console operator, and tape librarian.

Nr400.41.ad,,,,W4=74,77.11;*".C.W.44WisW

In shipbuilding, a relatively recent development
is "reduced scale lofting and optical marking."
Reduced scale lofting consists of preparing very
accurate drawings, one-tenth of full size, which
are then photographed by a precision camera pro-
ducing a negative to a scale of about one one-
hundredth of full size. Two projectors are lo-
cated above the layout tables and project this
negative image vertically downwards, enlarged to
full size onto the material to be laid out. Layout
can be accomplished in the usual manner and cut-
ting accomplished by portable burning equipment,
or by hand torch. Alternatively, material can be
burned automatically without layout by means of
an electronic controlled automatic plate cutting
process known as "Telerex." Reduced scale loft-
mg and optical marking replaces the conventional
full scale mold loft and layout making for in-
crease accuracy of finished parts and a faster
production flow. This new system may provide
labor savings in those occupations involved in line
development, patternmaking, and platemarking
and shaping.

In shipyards, modified mass production methods
performed on ground level also facilitate the move-
ment of steel from storage yards through shop
operations. Such ground fabrication, utilizing
materials handling systems and machine welding
equipment, are performed under relatively un-
crowded conditions as opposed to accomplishing
these same operations under the more crowded
and difficult working conditions on the ship. To
gain the benefits of these and other laborsaving
developments requires considerable capital outlays
by the shipbuilders. However, considering the
limited ship construction likely in the future and
the large number of companies competing for this
business, industrywide adaptation of these de-
velopments may be limited.

The Government is looking into the feasibility
of using computers in ship design and construc-
tion. If feasible, such techniques would reduce
costs and "concept-to-delivery" time and, as a
result, engineering and drafting employment.

Production techniques in the railroad equipment
industry group do not lend themselves to highly
automated methods. For example, limited as-
sembly runs of any one of a large number of
freightcar types, or of classes of locomotives,
whose power capabilities and optional equipment
range broadly, cannot economically be adapted to
a highly automated assembly line operation.
Some transportation equipment subassemblies are
purchased from firms in other industries, and other
components, such as diesel valves, are already
being produced by automated machine methods.
Thus, technological changes will have relatively
little impact on employment in the railroad equip-
ment industry group.



1-72 STUDIES: OUTLOOK FOR TECHNOLOGICAL CHANGE AND EMPLOYMENT

Motor Vehicle and Motor Vehicle Equipment (SIC 371)

Summary

Employment requirements in the motor vehicle
and motor vehicle equipment industry group are
expected to be only a little higher in 1975 than
in 1964, despite a significant increase in produc-
tion. Gains in output per worker are expected
to increase nearly as fast as increases in produc-
tion.

Employment Trends

1947-64. In the post-World War II period, em-
ployment in the motor vehicles and equipment in-
dustry group fluctuated between 600,000 and
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900,000, reflecting the cyclical pattern of motor
vehicle production and, to some extent, changes in
defense expenditures. Although employment
fluctuated sharply from year to year, the employ-
ment trend between 1953 and 1964 was downward.
In contrast2 the trond in motor vehicle production
was upward.

Although motor vehicle production for civilian
use was resumed in the latter part of 1945, it did
not reach prewar levels until 1947. Employment
rose from 768,000 in 1947 to an all-time high of
917,000 in 1953. This record employment level
sat in 1953 was a result of a very good production
year for civilian motor vehicles (7.3 million)
coupled with defense production resulting from

EMPLOYMENT AND PRODUCTION IN MOTOR VEHICLES

AND MOTOR VEHICLE EQUIPMENT, 1947-64
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the Korean conflict. Employment dropped to
about 766,000 in 1954, as a cutback in defense
spending, and a general contraction of economic
activity caused a drop in production. In the fol-
lowing year, employment rebounded to 891,000 as
a combination of favorable forcesgood business
conditions, easy credit, and major styling
changesspurred production to an unprecedented
high of 92 million vehicles.

Employment declined steadily after 1955, to a
postwar low of 607,000 in 1958, a recession year in
which only 52 million motor vehicles were pro-
duced. After increasing steadily from 1961, pro-
duction reached an all-time high of 9.3 million
motor vehicles in 1964. In the same year, employ-
ment reached 755,000the highest level since 1957,
but a level that was exceeded in 9 of the 10 years
between 1947 and 1956. (During 1965, employ-
ment continued to increase as production set new
highs ; as a result, motor vehicle employment in
1965 will probably be about 850,000, the third
highest in the industry's history.)

B: etween 1947 and 1964, production workers
as a proportion of total employment in this in-
dustry group declined from 82 to 77 percent ; how-
ever, this proportion has remained relatively
stable since 1959.

1964-75. Employment requirements in motor ve-
hicle and equipment manufacturing are expected
to be about 800,000 in 1975, approximately 6 per-
cent above the 1964 level (but below the 1965
level), as substantial increases in the production
of motor vehicles and equipment are partially off-
set by increases in output per worker. Output
will be spurred by increases in population, house-
holds, multicar ownership, personal spendable
income, and a continuing shift of population to
the suburbs.

Effects of Technological Developments on
Future Employment

Technological developments are expected to have
a significant effect on the characteristics and num-
ber of jobs in motor vehicles and equipment man-
ufacturing through the mid-1970's. Employment
requirements are expected to be influenced sub-
stantially by the greater use of computers and
numerically controlled machine tools, automation
and mechanization of existing manufacturing
processes, design innovations, and new materials
and manufacturing processes.

The more widespread use of computers for ac-
counting and administrative purposes is expected
to limit increases in the employment of account-
ants, auditors, and clerical occupations such as
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bookkeepers, and shipping and receiving clerks.
Need for inspectors will probably be adversely af-
fected by the increasing use of computers in livality
control. Computers also are expected to be used
increasingly, to solve design-engineering prob-
lems, and. thereby slow the growth in employment
of engineers. The industry hopes to use computers
in conjunction with cameras and other equipment
to convert designer's models into data that would
be fed into numerically controlled die mills to
produce the dies for new automobiles. Such a
procedure could reduce the need for designers,
draftsmen, modal makers, and tool and die makers.
Although the growing use of computers will ad-
versely affect employment in some occupations,
it is expected to increase the need for programers
and punchcard operators.

Motor vehicle and equipment manufacturers are
expected to use increasmg numbers of numerically
controlled machine tools, especially, for tool and
die making. The greater use of these machines
should tend to reduce the need for toolmakers, set-
up men, and machine tool operators, since items
produced generally are of more uniform quality
than those produced by conventional methods.

Motor vehicle and equipment manufacturers are
continuously finding ways to improve production
efficiency by redesigning parts and adopting new
maerials and manufactunng processes. Improve-
ments in casting, stamping, and forging processes
are expected to reduce the amount of machining
needed to finish parts, thus reducing the need for
machine tool operators. The more widespread use
of the "reflow" paint system, which produces a
finish needing little polishing, should tend to re-
duce employment of polishers. New materials,
such as molded carpets and electrically embossed
interior trim, are expected to reduce the need for
cutters, sewing machine operators, and trimmers.
An increase in the installation of windshields by
means of an adhesive sealant, which eliminates the
need for rubber moldings, will adversely affect the
need for glaziers.

Some intermediate fabrication and assembly
operations have been automated and many more
such operations are expected to be automated in
the future. Recent developments include : An au-
tomated system that grives fenders, hoods, and
quartF panels a prepaint treatment, thus adversely
affecting the nepd for sprayers; automated equip-
ment that machines pistons and other engine parts,
thus reducing the need for machine tool operators;
and automated systems that assemble brake drums,
differentials, and alternator rectifiers, thus reduc-
ing the need for assemblers. Although additional
automation will reduce the need for processing,
fabricating, and assembly workers, it will increase
requirements for maintenance workers.
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Aircraft and Parts (SIC 372)

Summary

Employment requirements in the aircraft and
parts mdustry group are expected to decline only
slightly between 1964 and 1975, compared with a
very rapid increase between 1947 and 1957, and a
rapid decline between 1957 and 1964. It is as-
sinned that changes in the level and mix of de-
fense expenditures will not result in a significant
increase in aircraft production. Technological
innovations are expecte43 to be a major factor con-
tributing to the employment decline in this indus-
try group in the decade ahead.

Employment Trends

1947-64. Employment in the aircraft and parts
industry groult more than tripled between 1947
and 1957, growing from 239,000 to 896,000. Since
19571 employment has declined by almost one-
third, droppmg to about 604,000 in 1964.

More than 80 percent of total employment in
the aircraft and parts industry group is concen-
trated in the two largest industriesaircraft,
which employed about half of the industry group's
workers in 1964, and aircraft engines and engme
parts, which accounted for almost a third. Other
industries in this industry group are aircraft pro-
pellers and propeller parts, and other aircraft
parts and auxiliary eckuipment. Employment in
two major industries, aircraft and aircraft engines
and engine parts closely followed the trend o! total
employment.

Tho downward trend in employment beginning
in 1958 resulted primarily from the decline in pro-
duction of military aircraft for the Federal Gov-
ernment, which has purchased about four-fifths of
the industry's output in recent years. Since 1958,
the Govermnent's greater emphasis on the devel-
opment and production of missiles and spies ve-
hicles has resulted in some increase in the demand
for components produced by the industry, but in
terms of employment, this has been more than off-
set by the decline in demand for military aircraft.

The growing emphasis on research and devel-
opment between 1955 and 1964 was largely re-
sponsible for a rise in the proportion of nonpro-
duction workers from 31 percent to 44 percent.
Increasing numbers of scientists, engineers, tech-
nicians, and supporting managerial and clerical
personnel were required to develop spacecraft,
missiles, and more complex aircraft particularly
in the vertical-lift and supersonic categories.

1964-76. Manpower requirements in this indus-
try group are expected to decline about 5 percent

between 1964 and 1975, to about 575,000. These
projections are based on the expectation of con-
tinuing large expenditures on space research and
development. They also assume no significant
change in the level of defense expenditures or
present trends in the overall mix of military goods.

The projected employment decline is expected to
result from greater use of laborsaving technologi-
cal developments such as numerically controlled
machine tools. In addition, it is expected that
military and commercial demand for aircraft prod-
ucts wql remain relatively stable over the 1964-75
period. Little or no change is anticipated in em-
ployment of those engaged in aircraft develop-
ment and production, although efforts to develop
the supersonic transport and the C-5A cargo trans-
port may lead to an increase in the number of en-
gineers, scientists, and technicians engaged in this
activity. Employment of workers engaged in mis-
sile work in aircraft plants is expected to decline
as emphasis shifts from missile production to ad-
vance missile development. On the other hand,
workers engaged in research and development in
space science and in the production of spacecraft
and related equipment may increase moderately
because of the continuing effort to accomplish a
lunar landing and exploration by the early 1970's.

Effects of Technological Developments on
Future Employment

Technological change is expected to continue to
be very fast in the aircraft mdustry through the
mid-1970's.

The nature of the products expected to be pro-
duced in this industry group indicate that metal-
working, metal fabrication, and the assembly of
electronic equipment will continue to be major ac-
tivities in the aircraft and parts industry. The
most significant metalworking development in this
industry for the future appears to be numerical
controlled machining (N/C). Laborsaving tape-
controlled tools are particularly important in short
production runs of intricate shapes common in
prototype development of aircraft and space ve-
hicles. In 1962, aerospace firms were using more
than 400 numerically controlled tools. .About
1,600 are expected to be in use by 1970. Addi-
tional operations, such as drafting, welding, and
inspection are being adapted to numerical control.
Estimates of the reduction in unit labor require-
ments possible in machining operations through
use of this technique reportedly range from 20 to
80 percent. Employment of machine tool oper-
ators is particularly vulnerable to the use of N/C
machines and will likely be reduced. Highly
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skilled craftsmen, such as toolmakers and setup
men, are also likely to be affected adversely since
fewer jigs, fixtures, and machine setups will be
required.

High temperatures, pressures, and stresses of
space exploration require increasing use of new
materials that cannot be cut, shaped or joined by
conventional processes. To overcome such prob-
lems, efforts are being made to develop new meth-
ods of processing. Processing techniques now
under development or already in limited use in-
clude new metal forming methods, such as high
energy rate forming; brazing with new com-
pounds ; new adhesive bonding methods ; welding
and cutting with electron beams ; and nonmechan-
ical metal removal methods, such as chemical
milling and electrochemical machining. These
changing techniques involve development of new

skills and place increased emphasis on worker
retraining.

Of increasing importance in the aircraft in-
dustry is the assembly and installation of
miniaturized equipment used in aircraft, missiles,
and spacecraft, especially complex electronic
component parts. Some industry officials feel that
miniaturization of electronics hardware (for ex-
ample, transistors, printed circuit boards, thin-
film circuits) will become increasingly important
during the 1964-75 period and will tend to increase
the skill level of those doing electronics
assembling.

The continuing emphasis by the Department of
Defense and its contractors on cost reduction is
likely to stimulate the rate of introduction of
laborsaving innovations in the aircraft and parts
industry group in the years ahead.

43,;iragf£UZWZF44W*NWVPV'AvW'wot.,7:
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Professional, Laboratory, and Scientific and Research Instruments;
Photographic and Optical Goods; and Watches and Clocks (SIC 38)

Summary

Employment requirements in the instruments
and allied

i
products major industry group are ex-

pected to ncrease rapidly between 1964 and 1975.
The growing application of laborsaving techno-
logical innovations is expected partially to offset
the anticipated rapid increase in production, thus
limiting the growth in labor requirements.

Employment Trends

1947-84. Employment in the instruments and re-
lated products major industry group increased
more than three times as rapidly as total manu-
facturing employment in the post-World War II
period. In 1947, 267,000 workers were employed
in this major industry group ; by 1964, employ-
ment had risen to 369,000.

In 1961, almost one-half of these workers were
in the industry groups that manufactured scien-
tific and related instruments, including engineer-
ing, laboratory: and scientific and research instru-
ments; measuring, controlling, and indicating in-
struments; and optical instruments and lenses.°
About 20 percent were employed in establishments
making photographic equipment and supplies.
The remaining workers were in establishments pro-
ducing surgical, medical, and dental instruments;
ophthalmic goods; and watches and clocks.

Between 1958 and 1964,24 employment growth
among the industry groups differed widely, reflect-
ing differences in the increases in product demand
and in the rate of introduction of laborsaving
innovations. Employment increased fastest (
most 40 percent) in establishments manufacturing
optical instruments and lenses as many indus-
triesincluding aerospace, automotive, chemical,
and food manufacturingincreased their use of
optical instruments to improve both their manu-
facturing process and quality control.

Employment in establishments manufacturing
photographic equipment; surgical, medical, and
dental instruments; ophthall ic goods; and
watches and clocks also rose rapidly between 1958
and 1964, despite the increased application of la-
borsaving equipment. Employment in establish-
ments producing photograplaic equipment rose 13
percent, reflecting the growth of the population,
rising levels of disposable personal income, in-
creased leisure

i
time, and expanding exports. The

number of workers n establishments manufactur-

= Electrical instruments are classified in the electrical machin-
ery major industry group (SIC 36).

= BLS employment (payroll) data are not available for all
Industry groups for the years prior to 1958.

ing surgical, medical, and dental instruments in-
creased by almost 25 percent. These employment
gains can be traced primarily to greater demand
for medical and dental care due to an expanding
population, changes in the age composition of the
public (more older people), increased health con-
sciousness, and the extension of prepayment plans
for medical care and hospitalization. Employ-
ment rose by about 12 percent in establishments
manufacturing ophthalmic goods, reflecting in-
creases in the size, literacy, and educational level
of the population ; the rising number of older Rer-
sons; and increasing emphasis on goodxision. The
number of workers in establishments producing
watches and clocks rose almost 15 percent, pri-
marily reflecting increases in population and fam-
ily income.

The number of workers in establishments manu-
facturing engineering, laboratory, and scientific
and research instruments rose nearly 8 percentomd
employment in establishments producing measur-
ing, controlling, and indicating instruments in-
creased by about 11 percent, reflecting a rapid
growth in their use in industry generally. Because
of the diversity of their products, these industries
are affected by overall economic trends. I-L;wever,
demand for these products is especially sensitive
to spending for capital investment and research
and development in (Erect user industries. Capital
investment and expenditures for research and de-
velopment rose rapidly during the 1958-64 period.

1984-75. Employment requirements in the instru-
ments and allied products major industry

Tol)are expected to increase rapidly 111 the years a ea ,
despite the increasing use of laborsaving techno-
logical innovations. By 1975, employment require-
ments could reach 5102000, almost two-fifths above
the 369,900 employed in 1964. Output is expected
to be stimulated by the rapid increase in demand
for instruments and allied products by manufac-
turing and utility industries.

Employznent trends for the individual industries
within the major group are expected to differ only
slightly due to differences in demand. The use
of technological innovations is not expected to have
a significane impact on employment growth.
Worker requirements are expected to increase
rapidly in those industry groups that manufacture
scientific and related instruments, because of in-
creased capital spending for modernization of in-
dustrial production processes and increased expen-
ditures for research and development. Research
and development activity is expected to lead to
the development of many new instruments and the

%sa
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refinement of those now in use. Expanding activ-
ity in fields such as air purification, including
environmental control, vehicle exhaust control, and
better methods of weather forecasting also will
expand the demand for scientific instruments and
related products.

Employment growth in the surgical, medical,
and dental instruments and supplies sector, as well
as in the ophthalmic goods sector, will stem from
rising demand for health services by an expanding
population and by an increasing number of persons
55 years old and over, augmented by extension of
prepayment plans for medical care and hospitali-
zation and rising levels of personal disposable in-
come. An expanding population and rising levels
of disposable income are also expected to be sig-
nificant factors in increasing the demand for
watches, clocks, and photographic equipment.

Effects of Technological Developments on
Future Employment

Increasing use of laborsaving technological in-
novations in this major industry group is expected
to reduce unit labor requirements through the
mid-1970's. Increasing use of numerically con-
trolled machine tools, particularly in the produc-
tion of scientific and engineering instruments, is
expected to reduce substantially unit labor require-
ments, lower scrap and inventories, shorten lead
time in production, and permit manufacture of
intricate parts previously considered uneconomical.
The greater use of these tools will reduce man-
power requirements for machine tool operators.
On the other hand, the use of this equipment is
expected to increase employment requirements for
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engineers, technicians, and workers skilled in the
operation of electronic data processing equipment.

Conveyor lines will be used increasingly to speed
the assembly of precision instruments and reduce
inventory requirements. Moving from one bench
to another via conveyor lines, instruments pass
through all assembly stages including testing and
packaging. Increased use of conveyor lines could
reduce unit labor requirements for assemblers and
materials handling personnel.

In establishments producing large quantities of
standardized products, the use of automatic trans-
fer equipment will become more important.
Transfer machines are multistation machines
that automatically load and unload the work
piece at each station and move it from station to
station. Separate operations are performed at
each station. The greater use of automatic trans-
fer equipment is expected to reduce unit labor
requirements for machine tool operators and ma-
terials handling laborers.

Industrial engineering techniques are expected
to be used increasingly to improve _production
efficiency, such OS shorten lead time. These tech-
niques include Monte Carlo simulation, operations
research, and critical path and PER'r (perform-
ance evaluation and review teclmique) analyses.
Electronic data processing systems are being intro-
duced as an aid in inventory and cost control.

CHANGE AND EMPLOYMENT

These systems enable management to keep a con-
stant check on quality and. Obtain the maximum
utilization of men, machines, and inventories.

In the manufacture of pin-lever watches, im-
provements are being made in product design and
assembly to reduce the need for hand adjustments,
which may reduce employment requirements .for
assemblers and inspectors and increase require-
ments for machinists and repairmen.

Improvements in automatic manufacturing
facilities for cameras have paralleled the develop-
ment and introduction of new products awl
models. Improvements include the introduction
or improvement of conveyor belts, automatic
transfer equipment, electronic testing equipment,
and production control devices. Functions that
can already be performed automatically include:
Checking shutters, riveting shutter covers, fabri-
cating and assembling plastic windows, assembling
front and rear halves of cameras, and fastening
camera halves. Probing, sensing, and ejecting
stations will be incorporated increasingly. The
continued introduction of this improved equip-
ment could reduce employment requirements for
assemblers, testers, and inspectors. Conversely,
employment requirements for maintenance and
repairmen, particularly instrument repairmen? is
expected to increase with the increased application
of more automatic equipment.

Miscellaneous Manufacturing Industries (SIC 39)

Summary

Employment requirements in the diverse group
of industries which make up the miscellaneous
manufacturing industries major industry group
are expected to increase by almost one-fifth be-
tween 1964 and 1975, somewhat faster than the rate
of employment growth between 1958 and 1964.
Technological change is expected to have little
effect on employment growth in these industries
through the mid-1970's.

Employment Trends

194744. Employment in the miscellaneous manu-
facturhig industries major industry group de-
clined by more than 12 percent between 1947 and
1958, falling from 421,000 to 373,000. In 19581
however, this downward trend was reversed, and
between 1958 and 1964, employment rose by 7
percent, to 399,000. Over the 1947-64 period as a
whole, the decline in employment amounted to
slightly more than 5 percent.

In 1964, about three-fifths of total employment
in miscellaneous manufacturing was concentrated

in four industry groups : Toys, amusements, sport-
ing and athletic goods (27 percent) ; costume
jewelry, costume novelties, buttons, and miscel-
laneous notions, except precious metals (14 per-
cent) ; jewelry, silverware, and plated ware (11
percent) ; and pens, pencils, and other office and
artists' materials (8 percent). The remaining
workers were employed in plants manufacturing
musical instruments and miscellaneous manufac-
tured products including brooms, linoleum,
matches, candles, lamp shades, morticians' goods,
furs, signs and advertising displays, and umbrel-
las.

Between 1958 and 1964," employment increased
in all component industries of this major industry
group, except costume jewelry. The most rapid
employment increase occurred in establishments
producing toys, and amusements and sporting
goods. Demand for these products, as well as
items produced by other miscellaneous manufac-
turing industries, was stimulated by increasing
population, particularly in the number of young

15 BLS employment (payroll) data are not available for allindustry groups for the years prior to 1858.
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people; rising personal disposable income; and
more leisure tnne.

19 6 4-7 5 . Employment requirements in this major
industry group are expected to increase from 399,-
000 in 1964 to approximately 475,000 in 1975, a rise
of about 19 percent. Production is expected to in-
crease rapidly, stimulated by the same factors as
in the past. In addition, the number of new fam-
ily formations is expected to rise significantly
beginning in the late-1960's, which should spur
demand for such items as household accessories
and toys.

Within the miscellaneous manufacturing in-
dustries major industry group, increases in labor
requirements are expected to take place in the
manufacture of toys and amusement, sporting and
athletic goods, as well as in the manufacture of
musical instruments, and miscellaneous manufac-
tured products. Requirements in both the jewelry

and silverware and the costume jewelry industries
are expected to decline.

Effects of Technological Developments on
Future Employment

Limited information on technological develop-
ments in this mixed group of industries indicates
that technological innovations have penetrated
this industry only slightly, and this trend is not
expected to be reversed m the near future. In
geioral, the establishments in this industry are
relatively small in size and some of the products,
like precious and costume jewelry, are largely,
handmade and produced in relatively limited.
quantities. In the manufacture of precious
jewelry, for example, little technological change
has occurred and hand craftsmanship is still es-
sential to jewelry manufacturing. Although the
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manufacture of costume jewelry is becoming more
mechanized, hand assembly and fmishing opera-
tions will continue to be necessary. However, in
some production operations improvements in in-
dustrial machinery that increase output per worker
are being made ancl are expected to continue in the

future. For example, in the casting process con-
tinued improvements in the operating speed, capac-
ity, and instrumentation of equipment have oc-
curred, resulting in faster production of better
quality castings with reduced unit labor require-
ments.



Transportation and Public Utilities (SIC Division E)

Summary

Employment requirements in the transportation
and public utilities industry division are expected
to increase moderately between 1964 and 1975 to
service an expanding and more ; ; uent population.
Technological change is expected to be a significant
factor in limiting employment growth in this
division through the mid-1970's.

Employment Trends

1947-64. Employment in the transportation and
public utilities industry division declined slightly
in the post-World War II period. In 1947 4.2
million workers were employed in this indristry
division by 1964, employment had decreased by
about 5 'percent to 8.9 million workers. In this
period, average annual employment dropped
below 4 million workers for the first time in 1958
and remained at a postwar low of 8.9 million from
1961 through 1964.

In 1964, about 45 percent of total transportation
and public utility employment was concentrated in
two major industry groupsmotor freight, which
accounted for nearly a fourth of employment, and
communications, which represented a fifth. The
railroads employed about 19 percent of the di-
vision's workers (compared with 87 percent in
1947). The fourth marr industry group, electric,
gas, and sanitary services accounted for 16 per-
cent of employment in the' division. Other ma] or
industry groups in the division include local and
interurban passenger transit ; transportation by
air, by water, and by pipeline; and transporta-
tion services, such as freight forwarding and
stockyards.

The employment trends between 1947 and 1964
varied widely among the major industry groups.

iRapid employment growth occurred only n motor
freight and air transportation. Between 1947 and
1964, motor freight employment grew by about
two-thirds; over the 1958-64 period, employment
in this industry increased by 18 percent. Over
this latter period," employment in air transporta-
tion increased nearly 80 percent. The only other
major industry woups to experience overall em-
ployment growth were water transportation and

BLS employment (payroll) data are not available for (I of the
9 major industry groups in this industry division for the years
prior to 1958.

transportation services, combined; " and electric,
gas, and sanitary services. Employment in elec-
tric, gas, and sanitary services increased rapidly
up to the late 1950's, but leveled off between 1957
and 1964.

Employment in the remaining industry seg-
ments declined over the years for which employ-
ment data are available. 'The most rapid employ-
ment declines occurred in railroad and pipeline

rtation. Railroad employment in 1964 was
less than half that recorded- for 1947. Between
1958 and 1964, both railroad and pipeline employ-
ment dropped by over 20 percent.

1964-76. Manpower requirements in the trans-
portation and public utilities industry division are
expected to increase moderately through the mid-
1970's. The number of workers employed in this
industry division may reach 4.4 'Rion by 1975,
12 percent higher than the nearly 4 million work- ,
ers employed in 1964. Manpower requirements in
the transportation industries are expected to in-
crease slightly faster than the division as a whole.

Little or no change, however, is expected in the
employment requirements of the communications
and public utility groups. Manpower require-
ments in the communications industry group will
increase slowly, if at all, despite the high level of
activity projected for the telephone and broad-
casting segrments of the communications industry.
Although little or no change is anticipated in the
manpower requirements of electric, gas, and sani-
tary services, output in all segments of this in-
dustry group is expected to continue to increase
rapidly as a result of population and business ex-
pansion. These rapid increases in outpu4 how-
ever, are expected to be approximately offset by
gains in output per worker.

Effects of Technological Developments on
Future Employment

In terms of employment, continued improve-
ments in the technology of the transportation, com-
munications, and public utility industries are ex-
pected to offset most of the anticipated expansion
in output in the years ahead. The most significant
technological developments affecting these indus-

II BLS employment (payroll) data for the water transportation
and transportation services major industry groups are reported
in a single series.
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tries will involve higher capacity equipment, such
as larger truck-tractors and higher-capacity elec-
tric generating equipment, which will result in an

iexpansion of output without corresponding n-
creases in employment. The expanded applica-
tion of electronic data I:processing equipment to all
sectors of transportation, communications, and

'57 '59 '61 '63 '65

public utilities will improve office operations and
limit growth in the need for clerical employees.
In addition, data processing equipment coupled
with improved communications facilities will play
an increasingly important role in advanced plan-
ning and admmstrative decisionmaking. (See in-
dividual statements that follow.)

Railroad Transportation (SIC 40)

Summary

Employment requirements in the railroad trans-
portation industry group are expected to continue
to decline during the remainder of the 1960's and
then begin to increase sometime in the early 1970's.
Between 1947 and 1964, employment fell by more
than 50 percent. A continued decline inpassenger
traffic and decreases in unit labor requirements
resulting from technological innovations are ex-

pected to partially offset the increase in freight
traffic.

Employment Trends

1947-64. Employment in this major industry
group decreased from about 1.6 million in 1947 to
756,000 in 1964, a decline of more than 50 percent.
In 1964, nearly 88 percent of all workers in this
major industry group were employed by Class I
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line-haul railroads. The remaining workers are
distributed between Class II railroads and services
allied to rail transportation, such as sleeping and
dining car services, railway express, and switch-
ing and terminal companies. Over the 1947-64
period, employment in Class I line-haul railroads
declined slightly slower (51 percent) than the
remaining industry sectors combined (55 percent).

The rapid decline in railroad employment in the
post-World War II period resulted mainly from
a rapid decline in passenger traffic and advance-
ments in technology. Raalroad passenger miles
dropped steadily from 46.8 billion in 1947 to 18.4
billion in 1964, a decline of over 60 percent. Al-
though revenue ton-miles by rail carriers were
slightly higher in 1964 (673 billion) than in 1947
(665 billion), freight traffic activity was not a
major influence on the longrun decline in railroad
employment.

One of the major technological developments
that affected employment requirements was the

transition in motive power from steam to diesel-
electric. The diesel locomotive not only hauls
larger and heavier trains than its predecessor, but
also has reduced maintenance requirements.
Railroad employment in the post-World War II
period also was affected by the expanding use of
mechanical equipment to maintain the roadway,
the application of automatic control to freight
classification activities, and a reduction in the
miles of track through the use of centralized
traffic control and elimination of some branch
lines. In addition, the increasing application of
electronic data processing systems to accounting
and recordkeepmg activities contributed to the
reduction in employment needs in the industry.

1964-75. Employment requirements in this major
industry group are expected to continue to decline
through the remainder of the 1960's. By the
early 1970's, however, the employment trend is
expected to reverse and requirements should reach
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8201000 by 1975, in response to growth in fre ht
activity,. This upward trend in freight tr 11 c,
which is expected to more than offset the effects of
a continued decline in passengers, will result from
transportation demancl generated by the high
levels of economic activity anticipated in the
next decade.

Technological innovations are expected to limit
growth in employment requirements in this major
industry group. However, the cost reducing
effect of improved technology is expected to en-
able railroads to capture a larger share of the
Nation's freight traffic.

A continuation of the present trend in railway
mergers, particularly of roads with parallel lines,
could substantially reduce employ,ment opportuni-
ties for railroad workers. Such mergers permit
the elimination of roadway, trackage, and signal
facilities, as well as the consolidation of terminals.
However, with an improving freight traffic situa-
tion, railroad management may be hesitant to
reduce facilities until new traffic patterns are
determined.

Effects of Technological Developments on
Future Employment

Changing technology is expected to continue to
have a significant effect on the nunTher and char-
acteristics of jobs in this major industry group
through the mid-1970's. For example, second
generation diesel-electric locomotives with horse-
power ratings in excess of 2,500 should displace
the original 1,200- to 2,000-horsepower diesel-
electrics. Because these more powerful locomo-
tives will be able to pull heavier loads at greater
speeds than the engines they displace, relatively
fewer of them will be needed and labor require-
ments for maintenance employees may also be
reduced.

Higher capacity rolling stock, made possible
through design improvements and the use of light-
weight construction materials such as aluminum
and lightweight steel is expected to be used in-
creasingly. Larger boxcars, some especially de-
signed to handle unitized freight, are already
replacing conventional units. Tank and flatcars
are being designed and produced with double or
more the capacity of earlier models. Greater
s_pecialization in rolling stock is also taking place.
Special purpose cars capable of carrying -large
quantities of liquid or dry bulk commodities will
be available, as will cars with special features for
loading and hauling large or heavy items such as
automobiles. One of the most outstanding ex-
amples of the trend in railroad specialization is
the high-speed unit train, which uses up to 125
high-capacity cars to haul several thousand tons
of a single coimnodity. Unit trains operate on a
fast turn-around basis between one or a number

CHANGE AND EMPLOYMENT

of producers and a large consumer. Technologi-
cal improvements in rolling stock are expected to
result in the use of relatively fewer (but higher
capacity) cars and thereby adversely affect em-
ployment requirements for operating and main-
tenance personnel. In addition, the trend toward
automatic loading and unloading features and con-
tainerized freight should reduce the need for
materials handling workers. Further labor and
other cost savings may be realized from the avail-
ability of more durable locomotives and freight
cars.

Maintenance labor requirements will also be af-
fected by improved construction materials, better
roadway installation, and improved maintenance
equipment. For example

'
improved machines for

completely rehabilitating the roadbed and track
structure are replacing less automatic equipment
introduced in the 1950's. The growing use of elec-
tronic hot-box detectors, improved brass bearings
and lubricating pads, and roller bearings on
freight cars is continually cutting maintenance
costs by substantially reducing journal failures.
The introduction of sharp flange and dragging
equipment detectors is reducing unit maintenance
requirements. The development of more durable
materials and better construction methods for
roadbeds and structures will also tend to reduce
maintenance requirements.

One of the most significant improvements in
railroad technology in recent years has been the
development and rapid growth of "piggybacking."
Since 1958, trailer-on-flatcar (TOFC) loadhigs
have increased by more than 200 percent, to about
3 percent of total car loadings in 1964. The ex-
pected continuation of this trend, coupled with
further TOFC innovations, may have a significant
impact on employment in railroad occupations in
the decade ahead. Although TOFC transporta-
tion increases overall railroad freight activity by
diverting long-haul traffic away from highway
movement, it reduces unit labor requirements by
cutting down on dunnage, freight handling, and
clerical activities. Future innovations in TOFC
technology will involve design improvements in
flatcars and in loading and unloading equip-
ment, as well as additional tunnel and track
reconstruction.

Technological innovations in electronic equip-
ment and automatic control systems will lead to
greater efficiency of railroad operations byspeed-
mg the flow of traffic and increasing equipment
utilization. More efficient operations, in general,
will permit traffic growth without corresponding
increases in employment. For example, the effi-
ciency of car locating and accounting activities
could be improved by the use of automatic car
identification systems that are being developed to
monitor trains and transmit data related to car
movements. Improved, higher-capacity, central-
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ized tr 4c control systems will result in mor3
consolidation of control centers. Labor savings
will result directly from the reduced need for
towermen and telegraphers. The increasing use
of electronic (automatic and semiautomatic) clas-
sification yards will substantially reduce the need
for yard employees through the combination of
facilities.

Advances in communications, and the increas-
ingly widespread application of electronic data
processing systems may have the greatest potential
impact on railroad transportation service and em-
ployment patterns in the years ahead. In the fu-
ture, many of the automatic systems discussed
above may be linked by a central computer and
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communications system to operate a more highly
automated railroad. Apart from the use of com-
puters in automatic classification yards, electronic
data processing is now confined largely to payroll
and routine accounting and recordkeeping func-
tions. In the future, however, computers will be
used for routine decision making, interline ae-
counting, traffic and cost research, and controlling
car movements and inventories. The major im-
pact of computer usage in the years ahead will be
on office workers, although the future role of com-
puters in automated operations may adversely
affect employment requirements for operating
personnel.

Local and Suburban Transit and Interurban Passenger Transportation
(SIC 41)

Summary

Between 1964 and 1975, little or no change is
expected in employment requirements in this ma-
jor indust7 group. Employment growth will be
limited principally by the lack of growth in
passenger traffic on privately operated public
transportation systems.

Employment Trends

1958-64. Employment in the local and interurban
passenger transportation major industry group de-
clined slightly from 285,000 in 1958 28 to 267,000
in 1964.

More than 85 percent of total employment in
local and interurban passenger transportation is
concentrated in three principal industry groups
taxicabs, which account for 41 percent ; local and
suburban transit, more than 31 percent ; and inter-
city and rural buslines2 about 16 percent. Employ-
ment of the remainmg workers is distributed
among charter services, school buses, and terminal
and service facilities.

Employment in each of three principal industry
groups declined in the post-World War II period.
The sharpest decline occurred in local and subur-
ban transit. The number of workers employed in
this industry group dropped by nearly three-fifths
between 1947 and 1964. Between 1958 and 1964,
local and suburban transit employment declined
20 percent. Employment in the taxicab industry

m BLS employment (payroll) data for the local and interurban
passenger transportation major industry group (SIC 41) are not
available for the years prior to 1958. Bureau of Labor Statistics
employment data for the local and suburban transportation indus-
try excludes workers employed by publicly owned transit systems.
Available information indicates that employment in publicly and
privately owned transit systems combined declined by about
100,000 workers in the post-World War II period.

group likewise has declined in recent years; more
than 9 percent fewer workers were employed in
this industry group in 1964 than in 1958. Inter-
city and rural busline employment declined by
about 23 percent between 1947 and 1964. How-
ever, employment in this industry has stabilized
and increased slightly since 1960. In contrast to
the declining trends m the three principal indus-
t7 sectors, employment in charter services, school
buses, and terminal and service facilities, com-
bined, has doubled, increasing from 16,000 in 1958
to 32,000 in 1964, primarily as a result of expand-
ing school-age population.

Declining employment in the local transit and
taxicab industry groups was principally the result
of increased reliance on private automobile trans-
portation. Widespread public reliance on private
automobiles resulted, in art, from the demands
of suburban living for a hly .47xible means of
personal trantRortation, hig er levels of consumer
mcomes, and improved highways.

The downward trend in employment in intercity
bus transportation was also the result of compe-
tition from other modes of transportation, i.e.,
private automobiles and air carriers. Although
there was a dramatic growth in intercity passenger
travel during the post-World War II period, inter-
city bus travel declined both relatively and abso-
lutely. The downward trends in intercity bus
traffic and employment, however, appear to have
leveled off and slight gains have occurred in recent
years largely because of vigorous promotional
campaigns by intercity bus companies and im-
proved services to the traveling public.

1964-75. Little or no change is expected in the
employment requirements of the local and inter-
urban passenger transportation major indust7
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Emplo yment
(in 000' s)

1958 285
1959 28 1
1960 284
196 1 277
1962 27 1
196 3 269
1964 267

EMPLOYMENT IN LOCAL AND SUBURBAN TRANSIT AND
INTERURBAN PASSENGER TRANSPORTATION, 1947-64
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group over the 1964-75 period. Employment re-
quirements in the local transit and taxicab industry
.groups are expected to remain at about the 1964
level through 1975. In contrast, employment re-
quirements m the intercity bus industry group are
expected to increase moderately. Requirements
in charter services, schoolbuses, and terminal fa-
cilities, are expected to increase, but slower than in
recent years.

Employment requirements for local transit and
taxicab workers will be adversely affected by the
increased use of privately owned automobiles,
stimulated in large part by the continued popula-
tion shift to the suburbs. However, no sharp de-
cline in traffic or employment is anticipated be-
cause downtown traffic congestion and parking

problems will continue to encourage bus and taxi
travel in midtown areas. (The BLS payroll series
for this industry group, which incluales only pri-
vately owned transportation companies, will also
be affected by a continuation in the present trend
toward publicly owned local transit systems.) In
addition, legislation passed in mid-1964, which
offers financial assistance to help urban commu-
nities alleviate downtown traffic congestion and
parking problems, should encourage public use of
mass transportation facilities. However, this leg-
islation is not expected to affect total transit em-
ployment significantly in the next decade.

The projected increase in the requirements for
intercity bus workers will result from a moderate
increase in demand for this mode of transporta-
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tion. Population growth, higher consumer in-
comes, and more leisure time will result in an
increase in intercity travel generally, a portion of
which is expected to be by bus. More specific fac-
tors expected to increase intercity bus travel
include an improved highway system, which will
cut scheduled running time; an increasing number
of larger and more comfortable buses and addi-
tional deluxe express buses offering hostess service,
refreshments, and other conveniences. Bus traffic
will also be favorably affected by touring and
charter services, and by bus transport of pac-kage-
express and first-class mail, which has become an
important source of carrier revenue in the past
several years. The further curtailment or elimi-
nation of railroad passenger service in many areas
may also be expected to encourage greater use of
intercity bus service.

Effects of Technological Developments on
Future Employment

Declining employment in the local and inter-
urban passenger transportation industries has re-
sulted chiefly from losses in traffic rather than use
of laborsavmg innovations. The changes that have
occurred in the technology of these industries have
been limited largely to the elimination of surface
rail (streetcar) transit and the expanded use of
improved motor bus and suburban transit equip-
ment. Improved intercity highways havegreatly
enhanced the comfort, speed, and convenience of
bus travel ; but corresponding improvements in
city, streets have been a mixed blessing to local
buses and taxicabs because of the private car traffic
that has evolved.

Future improvements in the technology of local
public transportation will be centered around the
development of rapid (rail) transit systems in the
larger cities and improvements in bus facilities in
many small and medium-sized cities. The de-
velopuient and improvement of local transit fa-
cilities in both large and small cities are expected
to be accelerated by provisions of the recently en-
acted Federal legislation mentioned above. The
development of rapid transit may limit employ-
ment opportunities for bus drivers

'
as the role of

local buses will be reduced largely to providing
feeder service to the rail system. I.n ad.dition2 as
the maintenance requirements of local transit in
some areas shift from motor bus to rail, some bus
mechanics will either lose their jobs or be forced
to acquire new skills. However, these adverse em-
ployment effects in the larger cities could be largely
offset by increased employment in the local -bus
systems of many small- and medium-sized
communities.

Many of the rapid transit systems that will be
developed ovet the next decade are expected to be

1-87

run automatically through the use of computers.
Accounting funotions, and maintenance and opera-
tions scheduling may also beperformed largely

Ithrough use of computers. n addition, ticket
sales and collection and analysis of _power equip-
ment functioning cbuld be handled by automatic
methods in the future. The use of such equip-
ment will probably limit employment opportuni-
ties in many operating, clerical, and mamtenance
occupations.

In addition to the development of automated
rapid transit, demonstration projects are under-
way to encourage private automobile passengers
to use public transportation. These experiments
and demonstration projects include special bus
service for shoppers, restricted bus lanes during
rush hours, variable and multizone fares, and bus
service by subscription.

Technological innovations affecting the inter-
city bus industry will be limited chiefly to im-
provements in highways and equipment. Prog-
ress on the 41,000-mile sTstem of interstate and
defense highways, which is now nearly half com-
pleted, coupled with the construction of additional
toll highways and improvements in other Federal
and State roads is not only reducing costs for the
motor carriers, but also increasing the comfort and
convenience of intercity bus travel. By greatly
reducing travel time between points, these im-
provements in the Nation's highway systems are
making motor buses more competitive with air
travel, especially on short or medium distance
trips.

Equipment innovations in the intercity bus in-
dustry will be limited principally to replacing
older buses with larger and more comfortable
buses now used mainly-by large carriers. In addi-
tion, the expansion of service innovations, such as
buses equipped with washrooms, and refreshment
and meal lacilities, will increase the afficiency of
hitercity bus operations by reducing the frequency
of stops on long trips.

The overall effect of technological improvements
affecting the intercity bus industry group will be
to increase passenger traffic and create additional
employment opportunities in both road and ter-
ming occupations. In addition, the expansion of
on-board passenger services will stimulate the
need for a growing number of bus hostas:les.

Further in the future, the development of new
transportation systems directly competitive with
intercity buslines could offset the traffic attracting
effects of the interstate highway system and com-
fort oriented buses. Rapid transportation systems
are presently under study that would link such
cities as Washington, New Yorkt and Boston with
an ultra-high-speed express rail system. Such
systems could eliminate a substantial amount of
the bus traffic along parallel highways.
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Motor Freight Transportation and Storage (SIC 42)

Summary

Employment in the motor freight transporta-
tion and storage major industry group is expected
to increase rapidly between 1964 and 1975, but
slower than during the post-World War II period.
Future employment growth is predicated on a
steadily rising demand for motor freight services.
Technological change is expected to be a clignifi-
cant factor limiting employment expansion in
these industries through the mid-1970's.

Employment Trends

1947-64. Employment in the motor freight trans-
portation and storage major industry group,
which includes local and long distance trucking,

Employment
(in 0001s)

1947 551
1948 573
1949 567
1950 619
1951 676
1952 699 120
1953 731
1954 719
1955 765
1956 803
1957

public warehousing, and terminal facilities, in-
creased rapidly in the post-World War II period.
Employment in the motor freight major inlustry,
group rose steadily from 551,000 workers in 1947
to nearly 920,000 in 1964, a two-thirds increase.

The growth of trucking employment resulted
from a rapid growth in motor carrier activity.
Between 1947 and 1964, the number of intercity
ton-miles accounted for by all private 29 and for-
hire motor carriers increased by over 250 percent.
Over the same period, the number of intercity
ton-miles for all carriers of freight (rail, truck,
pipeline, water, and air) increased by about 50 per-

*Bureau of Labor &addles employment data for this major
industry group include only workers employed by for-hire motor
carriers. However, the increase in total activity is an indicator
of the trend in for-hire motor carrier activity.

EMPLOYMENT AND INTERCITY TON-MILES IN MOTOR

FREIGHT TRANSPORTATION AND STORAGE, 1947-64
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cent. In 1947, private and for-hire truck opera-
tors accounted for only 10 percent of all intercity
freight movements (measured in ton-miles) ; by
1904, the trucker's share of the market had in-
creased to nearly 24 percent. Growth of trucking
employment also was stimulated by the expan-
sion of local freight volume, since trucks carry
virtually all freight for local distribution. Local
trucking employment has also been favorably
affected by the rapid increase in the number of
suburban shopping centers and by industry relo-
cation to the suburbs.

Although employment in the motor freight ma-
jor industry group has expanded rapidly, growth
has been limited by improvements in the technol-
ogy affecting this industry. The most significant
of these improvements are concerned with the ve-
hicle itself and the condition of the roads on which
it operates. The capacity of motor vehicles of a
given size has been increased considerably through
use of lighter-weight materials and improved ve-
hicle design. As a result of physical improve-
ments in our Nation's roadways, including reduc-
tions in highway curvature and grade and the by-
passing of cross traffic through use of overpasses,
the legal size, weight, and speed maximums of
motor vehicles have been raised in many States.
As a result of vehicle and highway improvements,
the average annual ton-miles per motor vehicle
operated by regulated motor carriers has increased
by about 50 percent during the post-World War II
period.

1964-75. Employment requirements in the motor
freight transportation and storage major industry
group are expected to increase from about 920,000
m 1964 to approximately 1.2 million in 1975, an
increase of about 30 percent.

The demand for motor freight transportation
services is expected to increase rapidly as a result
of the anticipated high level of economic activity.
Intercity motor freight activity, however, is not
expected to continue to increase as rapidly as it
has in the past because of changing competitive
conditions. The diversion of high value commod-
ity traffic from rail to truck by means of lower
freight rates can no longer be expected to con-
tribute to motor carrier expansion. Today, in
their efforts to retain existing traffic and recover
movement of commodities fonnerly carried, rail-
roads are placing increasing emphasis on reducing
costs. Motor carriers are also facing increasing
competition from air carriers for the movement
of high value traffic. In addition, the flexibility
of movement provided by public highways is an
advantage no longer restricted to the motor carrier.
Through use of containers on wheels, other types
of carriers can now provide direct freight services
to customers who are far removed from their rail,
water, or air facilities.

206-754--66vol. I 7
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The demand for local trucking services, which
is not affected by similar competitive factors, is
expected to increase with the anticipated rapid
growth in the total volume of freight moved in the
economy. Motor trucking will continue to be the
predominant method for distributing goods within
local market areas, and employment m local truck-
ing Should grow rapidly in the years ahead.

Effects of Technological Developments on
Future Employment

Changing technology will significantly increase
output per worker in nearly all occupational areas
of the motor freight transportation and storage
major industry group. The changing nature of
our system of highways and the laws governing
their use make up a significant part of the chang-
ing technology of the motor freight industry.
The 41,000-mile system of interstate and defense
highways, which is now about half completed,
will continue to increase the efficiency of motor
carrier operations by reducing_ running time,
and cuttmg maintenance and accident costs.
The completion of this system of divided, limited-
access highways, and the construction of toll
throu_ghways and improvements in other Federal
and State roads, is expected to result in increased
legal size and weight maximums of vehicles. The
effect of these changes will be to limit the employ-
ment growth of truckdrivers by reducing man-
power requirements per unit of freight carried.

Many technological innovations are directed to-
ward improving the operating efficiency of com-
mercial vehicles. Design innovations in the con-
struction of trucks, truck-tractors, and trailers are
resulting in increased payload capacities without
corresponding increases in the dimensions or loaded
weight of the vehicle, through the use of lighter
weight materials, such as aluminum or fiberglass.
The development of improved gasoline and diesel
engines will also contribute to the greater efficiency
of commercial vehicles. These new power plants
will be smaller and lighter, yet more powerful and
provide greater fuel economy than their predeces-
sows. These innovations, which increase the ca-
pacity and efficiency of commercial vehicles, will
likewise limit growth in the number of truck driv-
ers by increasing the size of the average load
hauled per vehicle.

Technological advances in the motor trucking
industry may also affect employment requirements
for maintenance personnel. Many of the new gas-
oline and diesel engines now under development
will have greatly reduced maintenance require-
ments. Innovations in vehicle design will also fa-
cilitate maintenance by making vital mechanical
and electrical components more easily accessible.
In addition, a growing number of carriers with
large truck fleets are using sophisticated test equip-
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ment, such as spectrometers for engine oil analysis,
to forestall costly breakdowns.

Along with technological improvements in gen-
eral freight vehiclee,progress is being made in de-
yelopment of specialized equipment to handle a
wide range of commodities that cannot be handled
efficiently in conventional packaged-freight con-
tainers. Among the more notable innovations in
specialized trung are improved refrigeration
and insulation systems for maintenance of ex-
tremely low temperatures, bulk carriage contain-
ers with pneumatic loading devices, and convert-
ible and collapsible tanks that can be adapted for
use in a wide range of liquid and dry hauling.
Other innovations include vehicles with special
features for loading and unloading heavy or cum-
bersome freight, and vehicles with adjustable
trailers for moving military hardware and heavy
machinery. Since special equipment innovations
are designed to help motor carriers compete for a
wider range of commodities

,
they tend to increase

employment requirements by contributing to over-
all motor freight traffic growth.

The changing technology in trucking is not con-
fined to innovations in motor vehicles. The in-
creasing size of motor freiglA companies is acceler-
ating the rate of technological change in modern
terminal operations. Major consolidating termi-

nals are becoming larger and more efficient, but
fewer in number. One of the most significant
features contributing to this increased efficiency
is an automatic dragline system for channeling
freight between 100 or more freight docks within
a terminal. The use of this system greatly re-
duces manpower reiluirements for freight han-
dling personnel. A.n important innovation in
modern terminal operations is the use of cargo
caps for combingmg less-than-truckload ship-
ments. These devices greatly reduce labor re-
quirements for handling small shipments. Freight
handling by some of the larger carriers is also
expected to be expedited by the use of data process-
ing systems that improve office operations and
reduce unit labor requirements for clerical
personnel.

The development of standardized freight con-
tainers is resulting in their increasing use by all
modes of transportation. This development elim-
inates multiple handling of packaged freight to
and from truck and rail, water, and air carriers.
The use of standardized freight containers re-
duces damage to shipments and claims for dam-
age, and permits more rapid dispatch of freight,
thereby adversely affecting requirements for
freight handlers and checkers (clerks).

Transportation by Air (SIC 45)

Summary

Employment requirements in the air transpor-
N tation major industry group are expected to

increase rapidly between 1964 and 1975. Future
employment growth is predicated on a rapid rise
in passenger and cargo traffic. Technological
change is expected to be a significant factor in
limitmg employment growth in air transportation
through the mid-1970's.

Employment Trends

19 8-64. Employment in air transportation ex-
ded rapidly between 1958 and 1964, increasing

y nearly 30 percent from 165,000 workers to
213,000 over the period." During the same pe-
riod, surface transportation employment declined
slightly.

In 1964, about 90 percent of employment in air
transportation was accounted for by air common
carriers, which provide for-hire air transportation
to the public. 'The remaining workers were em-
ployed at airport terminals and by operators of
airports and flying fields.

so BLS employment (payroll) data for the alr transportation
major industry group aro not available for the years prior to
1958.

Between 1947 and 1958, employment by air com-
mon carriers increased from 82,000 to 149,000
workers, a gain of 82 percent over the period.
Since 1958, air carrier employment has risen nearly
30 percent, to 192,000 work, Ths in 1964. Over this
latter _period, employment in fixed facilities and
related services, airports, flying fields, and termi-
nals, increased by 34 percent.

The dramatic post-World War II growth in air
traffic activity, particularly among the scheduled
airlines,81 was primarily responsible for the rapid
expansion in air carrier employmint. Between
1947 and 1964, the number of revenue passenger
miles and revenue ton miles flown by certificated
route air carriers in scheduled service increased by
640 and 700 percent, resp'ectively. Over the same
period, available seat miles hicreased by over 750
percent, and available ton miles by nearly 850
percent.

The airlines have been able to expand their
activities several times faster than employment
chiefly by utilizing more efficient aircraft and
ground operations equipment. In recent years,

II A comparison of Bureau of Labor Statistics and Federal Avia=
tion Agency employment data shows that the scheduled airlines
account for about 8 5 percent of total employment in this major
industry group.
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the airlines have been replacing piston powered
aircraft with faster and higher capacity turbine
powered aircraft. On the ground, computers and
other electronic and mechanical devices have been
used to improve communications, data processing,
flight planning, and aircraft and traffic servicing.

Employment at airport terminals and in fixed
base operations has expanded with the general rise
in air traffic. Fixed base employment has also
grown with the increasing activity in business fly-
mg and other segments of general aviation.
196 4-7 5 . Employment requirements in the air
transportation industry are expected to increase

rapidly through the mid-1970's. The number of
workers employed in this industry may exceed
300,000 by 1975, more than 40 percent higher than
the 213,000 workers employed in 1964. .Air com-
mon carrier employment is expected to increase
at a rate of about 3.3 percentt annually between
1964 and 1975, compared with an average growth
rate of over 5 percent between°1947 and 1964.

The rapid growth in employment requirements
projected for this industry are expected to result
from an ever expanding demand for air transpor-
tation services, both passenger and cargo. The
major stimulus for this growth in air traffic will
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come from rising consumer and business incomes,
an expanding population, and increasing amounts
of leisure time. In order to meet this growing
demand for air travel and to take advantage of
the high profit potential of modern turbine-
powered aircraft, the airlines today are placing
record numbers of equipment orders, both for ad-
ditions to their fleets and for the replacement of
a number of aging piston aircraft. Equipment
improvements, in providing greater speed and
comfort to airline pamengers may contribute to
an even greater volume of tr ic than anticipated.

In addition to the anticipated growth in pas-
senger activity, the use of more efficient turbine
powered aircraft in earl() 7erations is expected
to stimulate freight t .lict rough reduced rates
and improved service. Future growth in air traf-
fic is also expected to result from the extension of
air freight services to many small- and medium-
sized communities through the local service air-
lines.

Effects of Technological Developments on
Future Employment

Continued improvements in air transportation
technology are expected to partially offset expand-
ing passenger and cargo traffic in the next decade.
One of the most significant developments will be
the replacement of piston aircraft with more ef-
ficient turbine powered aircraft. The conversion
to an all-turbine airline fleet,, which is expected to
be accomplished by the early 1970's, will allow the
airlines to absorb a growing volume of traffic with
little or no increase m fleet size or in the employ-
ment of flight deck or maintenance personnel.

Many of the new second generation jets sched-
uled for service in the late 1960's will be short- and
medium-range passenger planes. Some of these
aircraft will-have interiors that can be easily con-

D verted into use for either passenger or cargo serv-
ice. The development of these short- and medium-
range jets will increase the efficiency of the airlines
by complementing the long-range jets in the fleets
of the large domestic and international carriers
and by providing appropriate range turbine air-
craft for use by local service carriers. Other sec-
ond-generation iets which will go into service in
the late 1960's mclude longer range and higher
capacity versions of the passenger and cargo jets
now in service throughout the industry.

In the mid-1970's, the airlines are expected to
put in service one or more of a number of highly
productive aircraft now under development. Fore-
most in this development is a supersonic transport,
which will operate over long distances at speeds
up to 2,000 miles per hour. An alternative to this
medium capacity supersonic transport is a sub-
sonic transport with a capacity of 500 to 700 pas-
sengers or 250,000 pounds of cargo. The latter

approach to increasing the efficiency of the jet
transport would involve increasing the size of the
aircraft rather than its speed. Development of
the supersonic aircraft appears to be favored over
the slower, heavier aircraft since use of the latter
would probably require stronger runways and ex-
panded terminal facilities.

Another aircraft that may become operational
in the next decade is a high-passenger-capacity
vertical takeoff and landing aircraft that will op-
erate between cities of up to a few hundred miles
apart and between metropolitan centers and air-
ports. Such aircraft could provide downtown to
downtown travel between nearby cities and greatly
reduce travel time spent getting to and away from
airports on longer flights. General acceptance of
this mode of travel could create additional require-
ments for night personnel.

Technological innovations in aircraft will also
have a significant impact on the rapidly growing
air cargo sector. Improvements in air cargo tech-
nology will lead not only to greater efficiency of
operation, but also may favorably affect employ-
ment by accelerating the growth m traffic. Much
of the expected growth in air freight activity will
result from the availability of service to an increas-
ing number of communities and from anticipated
rate reductions stemming from the use of more
efficient cargo transport. Both the all-cargo and
combination carriers also can be expected to con-
vert their cargo fleets to all-turbine operations due
to the cost and speed advantages of jet over
piston aircraft. This fleet of turbme aircraft will
be made up largely of cargo carrying versions of
jet aircraft developed for passenger service. In
addition, a civilian version of a large military
freighter is presently available, and a similar but
higher capacity model will be ready for service in
a few years. In addition to larger and faster
cargo transports, air freight operations will be
improved by the use of more efficient cargo han-
dling and loading equipment. This new ground
equipment will tend to limit the growth of em-
ployment requirements for freight-handling
personnel.

Technological improvements are also anticipated
in flight control and guidance systems. The most
significant developments in this area will be a
fully automated air traffic control system, a flight
navigation system requiring no contact with
ground stations, and an all-weather landing guid-
ance system. Use of this automatic equipment may
reduce employment requirements for air traffic
control personnel, who are employees of the Fed-
eral Government. The overall impact of these new
systems on employment within the air transporta-
tion industry, however, is likely to be favorable, as
they are expected to make air travel more attrac-
tive through increased safety and dependability.
These new flight control and guidance systems will
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permit more flight traffic and will facilitate closer
adherence to flight schedules, even during un-
favorable weather conditions.

The air transportation major industry group is
expected to use many of the most advanced elec-
tronic control and data processing systems in the
future. The automated air traffic control and all-
weather landing systems projected for the 1970's
will be built around computers and other sophis-
ticated electronic equipment. Many of the new
air transports now under development may, in ef-
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feet, be flown by pilot monitored computers. To-
day, electronic computers are already important
tools in base operations of many domestic and in-
ternational airlines. These computers are used in-
creasingly in maintenance and mventory control,
accountmg and flight planning, and in processing
passenger reservations among carriers. The con-
tinued application of computer technology in air
transportation will limit employment opportuni-
ties chiefly among traffic agents and clerical
workers.

Communications (SIC 48)

Summary

Employment requirements in communications
are expected to increase slightly during the decade
ahead. Although demand for communications
services is expected to rise rapidly, technological
innovations will tend to limit growth in employ-
ment.

Employment Trends

.1947-64. Estimated employment in the communi-
cations major industry group increased by 31 per-
cent between 1947 and 1957 ;82 however, between
1957 and 1964, employment declined about 6 per-
cent. Employment was spurred during the early
post-World War II period by the rapid rise of
television broadcasting and the increased use of
telephone communications. The period of declin-
ing employment resulted in part from the grow-
ing use of technological laborsaving devices and
the decreasing utilization of telegraph communica-
tions.

Telephone communications is the largest com-
munications industry group. In 1964, about 83
percent of all communications workers were em-
ployed by companies providing telephone services.
The remaining workers were employed in radio
broadcasting and television (12 percent), telegraph
communications (4 percent), and communications
services not elsewhere classified (about 1 percent).

Employment growth rates vaned widely among
the communications industry groups in the post-
World War II period. Employment in radio
broadcasting and television, spurred by the ex-
tremely rapid growth of televisionin its infancy
in 1947increased more than 11/2 times between

"BLS establishment (payroll) data for the overall communi-
cations major industry group are available only for the years
1958-64, because of the exclusion of the radio broadcasting and
TV industry group prior to 1958. However, 1947-58 BLS estab-
lishment data are available for the telephone and telegraph indus-
tries, which employed 87 percent of total employment in the com-
munications major industry group in 1964. These data for
1947-57, were aggregated with unemployment insurance data for
the broadcasting industry for the same years to provide estimates
of employment trends for the total major industry group between
1947 and 1957.

1947 and 1964. In sharp contrast, employment
in telegraph communications declined more than
45 percent during the same period, primarily be-
cause of increased use of competing services such
as airmail, telephones, and data transmission by
telephones.

Employment in telephone communications in-
creased by 21 percent from 1947 to 1964, rising
from 586,000 in 1947 to 706,000 in 1964. All of
the increase occurred before 1957 when employ-
ment reached its all time high-768,000more
than 30 percent above the 1947 level. The employ-
ment expansion from 1947 to 1957 reflected the
rapid growth of telephone services, resulting in
part from the backlog accumulated during World
War II. In 1958, employment in telephone com-
munications turned downward, and by 1964 was
about 8 percent lower than in 1957, even though
a moderate increase occurred in 1964. The demand
for telephone services continued its upward trend
from 1957 to 1964, but the rate of increase was not
as great as in the early postwar period. In addi-
tion, rapid technological changes, which greatly
increased the efficiency of the work force, in a large
part accounted for the failure of employment to
rise in the later period.

1964-75. Manpower requirements in the communi-
cations major industry group are expected to rise
slowly between 1964 anol 1975, reaching 875,000
by 1975. Employment trends for the individual
industry groups, however, are expected to differ
widely because of differences in demand and the
impact of technological developments.

As in the past, manpower requirements in tele-
phone communications will be affected both by
rapid increases in the demand for telephone serv-
ices and by laborsaving technological innovations.
These largely offsetting trends are expected to re-
sult in a slight increase in employment require-
ments between 1964 and 1975. The demand for
telephone services will be accelerated by increases
in household formations, and the growing number
and size of business and industrial establishments.
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EMPLOYMENT AND NATIONAL INCOME ORIGINATING IN

COMMUNICATIONS, 1947-64
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Office of Business Economics.

Many of the 11 million households now without
telephoneA but who are expected to add telephone
service will be another factor in the rising demand,
especially as family incomes rise. Demand will
be further increased by the development of new
and improved services such as high-speed trans-
mission of data by telephone, pushbutton dialing,
conference dialing, picturephones, speakerphones,
and the growing use of extension and multicolored
telephones in the home.

A moderate increase is expected In manpower
requirements in the radio and television broadcast-
ing indust7. Although the rise will not be as
great as in the _past, continuing increases in
the number of raffio and television broadcasting
stations are expected to raise employment re-
quirements despite the introduction of many
laborsaving technological developments. The
downward trend in employment in telegraph com-
munications is expected to continue through 1975,
as strong competition from telephones, data

transmission by telephone, and airmail services
continue.

Effects of Technological Developments on
Future Employment

Technological changes are expected to be partic-
ularly significant in telephone communications.
The conversion to automatic dialing for local calls
is virtually complete, but a greater percentage of
directly dialed and automatically billed, long-dis-
tance calls is expected. The installation of traffic
service position equipment will increase the effi-
ciency of operators by enabling them to handle
quickly service calls such as 13erson-to-person, pay
station, and collect calls. Two additional inno-
vations, a fully automatic system to handle inter-
cept calls (disconnected numbers, etc.) and a
computerized system for information calls, are
still in the developmental stage and their impact
on operator employment may be minimal by 1975.
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Computers, which have already gained wide-
spread use in telephone communications, are ex-
pected to be used more extensively through 1975.
Computer applications now include accountmg,
billing and collecting, traffic and plant plannmg,
supply operations, and equipment ordering, and
are expected to include directory, composition, as
well as the answering of information and intercept
calls. The displacement impact of computers is
greatest among clerical workers, but oth.er occu-
pations will also be affected.

Another significant innovation is electronic
switching equipment that offers considerable sav-
ings in maintenance labor. Not only is this elec-
tronic system programed to analyze itself and
point out the nature and location of malfunctions,
but much of the repair work on the electronic sys-
tems can be made with module and plug-in units
that simplify repair jobs. Duplicate circuits
enable th.e equipment to operate during minor
breakdowns and service changes can be made by
changing the circuit "memory," eliminating th.e
altering and rewiring necessary with present
switching equipment.

Continuing technological improvements are also
expected in transmission equipment. The use of
microwave radio relay systems2 which have great-
er capacity than cable systems, is expected to grow,
thereby reducing the need for cable splicers, line-
men, and other workers involved in the construc-
tion and maintenance of transmission lines. In
the future, a considerable proportion of the cir-
cuits needed to handle the rapidly increasing vol-
ume of telephone calls will be met by increasing
the capacity of existing facilities through pulse
codemodulation, rather than by constructing new
coaxial cables and microwave facilities, leading
to substantial reductions in the number of con-
struction workers. The requirements for cable
splicers will continue to be reduced by the use of
polyethylene cable, which reduces the time needed
for splicing; ready access terminals; instruments
for identifying types of wires in cables; and the
use of gas-filled cables, which allows failures to
be easily located. These developments have al-
ready led to the virtual elimination of cable
splicer helpers. New transmission facilities may
include communication satellites (especially for
overseas use), lasers, and helical wave gtikks.
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Improved technology and installation practices
are expected to limit growth in employment of
installation and exchange repairmen. The use of
plug-in equipment speeds the installation of tele-
phones by reducing both the number of wires to be
connected and the number of soldered eonnections.
The prewiring of structures permits the faster
installation of telephones. The disconnecting of
lines in the central office, leaving the teleph.one
lines and equipment in place when customers move,
allow for much faster service changes. All of
these are now common industry practices, but they
will have a cumulative and recurring effect on
employment of installers and exchange repairmen,
as a larger proportion of units are serviced by
these methods.

Substantial technological innovations are also
expected in radio broadcasting and television.
Remote transmitter control makes it possible to
direct the operation of the tranffinitter tower from
the broadcasting studio, thus eliminating the
need for broadcasting technicians at the tower.
Automatic programmg eQuipment in radio
broadcasting, including taped recordings and an-
nouncements, makes it possible to operate a radio
station on a 24-hour basis with very few full-time
employees. The rapid growth in the use of film
and videotape materials in television reduces em-
ployment in television stations. Both recorded
radio programs and taped television shows create
jobs in the studios producing the programs, but
their net impact is a manpower reduction. An
expected growth in CATV (community antennae
television) makes it possible to relay programs to
areas which were formerly inaccessible, thus re-
ducing the opportunity for new stations in these
areas.

Technological changes are also occurring in tele-
graph communications. A transcontinental micro-
wave system capable of handling an increased
number of telegraph messages is now in operation.
The microwave system will lead to decreases in
the number of linemen, cable splicers, and other
personnel involved in constructing and maintain-
ing telegraph lines. Other developments include
a high-speed electronic switching system, addi-
tional private line facilites, and modern dispatch-
ing centers.

Electric, Gas, and Sanitary Services (SIC 49)
in industry activity is expected to be almost offset
by rising output per worker.

Employment Trends

1947-64. Employment in electric, gas, and sani-
tary services increased from about 498,000 in 1947

Summary

Employment requirements in electric, gas, and
sanitary services are anticipated to remain at
about the 1964 level through 19752maintaining the
stability that has characterized this major industry
group since 1957. The rapid increase anticipated
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Employment
(in 0001s
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EMPLOYMENT AND OUTPUT1IN ELECTRIC, GAS, AND

SANITARY SERVICES, 1947-64
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to 614,000 38 in 1964. Almost all of the increase
occurred before 1957 when employment reached
about 611,000. Since 1957, employment has re-
mained stable, ranging between 610,00Q and
615,000.

This major industry group includes three large
industry groupselectric companies and systems
(electric utilities), which had about two-fifths of
employment in 1964; gas companies and systems
(gas utilities) which employed about one-fourth;
and combination companies and systems (combina-
tion utilities) which accounted for about 30 per-
cent. The remaining workers (about 6 percent)

" Workers employed by Federal, State and local government
agencies or departments providing the services of this major in-
dustry group are not included in the employment data. This
exclusion is particularly important in the water supply, sanitary
services, steam companies and systems and irrigation systems
industry groups as over 70 percent of the workers in these groups
(combined) in 1960 were employed by Government agencies.

were employed in four smaller industry groups
water supply, sanitary services, steam companies
and systems, and irrigation systems.

Although employment in each of the industi_7
groups increased during the post-World War 11
period, the rates of growth varied considerably.
Employment in electric utilities increased by al-
most 17 percent between 1947 and 1964. Employ-
ment in electric utilities reached its highest point
in 1957 and decreased slightly (about 4 percent)
since that time. The number of workers in gas
utilities increased by about 30 percent between
195084 and 1959 and has remained relatively
stable since 1960. Employment in the combina-
tion utilities sector has shown little change since

114 BLS employment (payroll). data for the gas and combination
utilities industry groups are not available for the years prior to
1950.
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1950, ranging between 169,000 and 176,000. Com-
bined employment in the four smaller industry
groups increased rapidly from 1957 to 1964 after
remaming relatively stable from 1947 to 1957.

Employment in electric and gas utilities " has
not responded significantly to a rapid expansion in
output in recent years. Output increased by 265
percent between 1947 and 1963, while employment
increased by only 23 percentreflecting the rapid
increases in output per man-hour which occurred
during this period. Output per man-hour in-
creased at an average annual rate of 7.5 percent
from 1947 to 1963more than double the rate of
increase in our total private economy. The low
relationship between output and employment has
been particularly evident since 1957, as output
increased by almost 47 percent between 1957 and
1963 without any appreciable change in employ-
ment.

1964-76. Employment requirements in the elec-
tric, gas, and sanitary services major industry

oup are expected to be about 625,000 in 1975.
e very large increase anticipated in industry

activity is expected to be almost offset by rising
output per worker.

Demand for the industries' services will be stim-
ulated by increases in population and family for-
mations. Growth in the number of appliances, and
gas and electric air conditioning and space heat-
ing will lead to greater consumption per residential
customer. Industrial and commercial consumption
of gas and electricity is expected to continue its
upward trend because of business expansion and,
in the case of electricity, the growing use of com-
puters, electronic controls, and other electrical and
electronic equipment that increases the amount of
electricity used.

Employment trends for the electric, gas, and
sanitary services industry groups are expected to
vary. .A small employment decrease is expected in
electric utilities, continuing the vely slow down-
ward trend that started in 1957. Output of elec-
tric power is expected to double by 1975, but in
terms of employment, will be almost offset by the
very rapid pace of laborsaving technological inno-
vations. Employment in gas utilities is expected
to increase somewhat, mamly as a result of ex-
pected rapid output gains, but technological de-
velopments will limit employment Fowth. Em-
ployment in combination utilities is expected to
remain at about the 1964 level through 1975.
Rapid employment growth is expected in the four
smaller industly groups combined, but because of
the small size of these industry groups the number
of additional workers required will not be great.

to The analysis in this paragraph is limited to electric, gas, and
combination utilities, as comparable output data are not available
for water, steam and sanitary services.

206-754--66vol. 1-8
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Effects of Technological Developments on
Future Employment

Technological developments are expected to
have a sigmficant effect on the number and char-
acteristics of jobs in electric and gas utilities
through the mid-1970's.

One major development in electric utilities is the
increasing use of computers both for clerical
operations and plant operations such as data
logging and equipment regulation. The major
occupational impact of computers will be to reduce
the need for clerical workers and for plant opera-
tors. Conversely, the use of computers will in-
crease the need for programers, systems analysts,
console operators, and other computer related
personnel.

Substantial improvements in electric generating
plant equipment are also expected. These im-
provements will result in increasing size tuid effi-
ciency of turbines and boilers. In 1950, the largest
available turbine had a maximum rating of 208
megawatts by 1960, 450-megawatt units were
available ; in 1965, a 1,000-megawatt unit was in
operation and 1,500-megawatt units are expected

ito be practical n the future." Increases in size
will be accompanied by higher operating pressures
and temperatures, faster generator speeds, and
modernization in the design of boiler-turbine-gen-
erator sets. The larger, more efficient units prob-
ably will be operated by about the same number of
personnel as the smaller units. Special purpose
generators

'
includinp. gas turbines, diesel genera-

tors, and hydroelectric reservoirs, will be used to a
greater extent to meet peak load requirements.
These generators are usually remotely controlled
and require no additional operating employees.

Another significant development in electric
plant operations is the growing use of electronic
controls. In an increasing number of generating
plants, operating processes are located in a cen-
tral control room where electronic instruments re-
cord the operations of boilers, turbines, generators,
auxiliary equipment, and other plant equipment.
In these advanced plants, the control room opera-
tor and his assistants perform the duties formerly
done by turbine operators, boiler operators, switch.-
board operators, auxiliary equipment operators,
and their assistants. A few of the newer generat-
ing plants in operation are completely controlled
by electronic computers. Automatic load dis-
patching equipment, which efficiently allocate's
generating capacity to meet load requirements,
also is bemg used increa.singly.

The growing use of computers, complex ekc-
tronic instruments, and larger generating units
can be expected to lead to increases in the number

se National Power Survey, a report by the Federal Power Com-
mission, 1964, vol. I, p. 14 and vol. II, p. 57.

Paggr-womez INIKIMNISOMMOR
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of maintenance workers employed by electric
utilities. The high initial cost of the equipment,
plus the considerable cost to the company when the
equipment is not in operation, placesa premium on
preventive maintenance. The skills of the main-
tenance workers will need to be upgraded, espe-
cially their knowledge of electronics, in order to
repair the complex equipment.

Coal-handling techniques in electric utilities are
being modernized. Developments include rotary
dumps for unloading coal trains and high-speed
conveyor belts to carry the coal to the generating
unitsleading to reductions in the employmeneof
coal-handling laborers.

The remote reading of electric and gas meters
from a central location through the use of elec-
tronic instruments is now under intensive develop-
ment ; preliminary tests have proven successful.
Widespread use of remote meter reading could
lead to substantial reductions in the number of
meter readersone of the largest occupations in
gas and electric utilities.

Technological advances are also occurring in the
construction and maintenance of transmission
lines. The key development is the aerial lift
truck, which lifts the lineman and his tools to the
lines and also provides a platform from which the
lineman can work. Aerial lifts are often accom-
panied by hydraulic rotating derricks, winches,
pole grabbers, hole-digging equipment, air impact
wrenches and drills. The use of this equipment
has led to a reduction in the size of a typical line
crew from five or six men to three men, with the
groundman (laborer) often being completely
eliminated. A. growing volume of line construc-
tion work, spurred by the development of high
voltage lines that are capable of carrying power
over long distances, will add to future employment
in line occupations, in spite of the growing propor-
tion of line construction that is being contracted to
companies specializing in this type of work.

An increasing use of nuclear power to generate
electricity is another change that should affect the
occupational distribution in the electric utility
industry. Nuclear plants will require a more
specialized operating staff, with expected increases
in professional and technical workers. In addi-

tion, nuclear equipment requires more maintenance
than conventional equipment, so the number of
maintenance workers should increase.

The growth of interconnections is expected to
increase the efficiency of electric utilities in future
years. Interconnections permit the more efficient
utilization of generating capacity, as peak load
requirements and sudden demands for power in
one area may be met by borrowing power from
an area where demand is lighterallowing a con-
siderable reduction in peak load manpower re-
quirements. In addition, interconnections permit
smaller utilities by combining needs and facilities
to take full advantage of the economy offered by
large generating units and modern technology.
The growth of interconnections encourage the
'building of large generatingplants using the latest
in electronic and computerized technology in lo-
cations far remote from the distribution. Such
plants are increasingly being built near coal mines
and other power sources with the power being
carried over high-voltage lines to the distribution
point. One result of this change is to transfer
electric utility employment from metropolitan
areas to the more remote areas.

Substantial technological innovations are also
occurring among gas utilities. Computers are
being used increasingly for dispatching, account-
ing, billing, and collecting, reducing the need for
clerical workers and gas dispatchers. Automatic
monitoring and remote eiontrol of pipeline opera-
tions is another significant development. Com-
pact compressor stations powered by gas turbines,
which are less costly to install, easier to maintain,
and more adaptable to remote control than re-
ciprocating engines, are growing in use, reducing
the need for maintenance workers and compressor
operators. Underground storage facilities and
the liquification of natural gas, which reduces a
large volume of gas to a small volume of liquid,
provides gas reserves at the consumption point.
Other developments include more powerful com-
pressors, larger and higher pressure pipelines, and
automatic welding to join pipelinesall enabling
expanded production without corresponding em-
ployment increases.



Wholesale and Retail Trade (SIC Division F)

Summary

Employment requirements in wholesale and re-
tail trade are expected to increase rapidly through
the mid-1970's, because of increases in population
and consumer expenditures. Labor requirements
in retail trade are anticipated to rise slightly
faster than in wholesale trade, continuing the
trend of the past decade. Although total employ-
ment in wholesale and retail trade is _projected to
increase rapidly through 1975, technological inno-

Employment
(in 0001 s)
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vations are expected to limit employment growth
in some occupation groups.

Employment Trends

1947-64. Employment in wholesale and retail
trade increased rapidly between 1947 and 1964, ris-
ing from nearly 9 million to about 12.1 million, or
about 36 percent. During the 1954-64 decade em-
ployment in retail trade rose slightly, faster than
m wholesale trade. Retail trade workers increased

EMPLOYMENT AND SALES' IN WHOLESALE AND RETAIL TRADE,

1947-64
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from about 7.5 million to nearly 9 million, or an
annual growth rate of about 1.8 percent, while em-
ployment in wholesale trade rose from approxi-
mately 2.7 million to 3.2 million, or about 1.6
percent per annum. In 1964, retail trade ac-
counted for nearly three-fourths of total trade
employment.

During the past decade, employment growth in
both retail and wholesale trade establishments was
limited by the increasing use of laborsaving tech-
nological innovations. Employment in whole-
sale trade was more affected because a larger
proportion of the workers in this field were en-
gaged in material handling, warehousing, and bill-
ing and other recordkeeping operationsac-
tivities that were particularly vulnerable to
mechanization.

Employment growth in retail and wholesale
trade during the post-World War II period re-
sulted from growmg population and rising per
capita personal consumption expenditures. B: e-
tween 1947 and 1964, population increased by
about 33 percent and per capita personal consump-
tion expenditures (in 1964 dollars) by 34 percent.

196 4-7 5. Employment requirements in wholesale
and retail trade are expected to increase from
about 12.1 million in 1964 to about 16 million in
1975, an annual growth rate of about 2.5 percent
compared with 1.8 percent between 1947 awl 1964.
Retail trade employment is anticipated to con-
tinue to rise slightly faster than employment in
wholesale trade. Labor requirements in retail
trade are projected to rise from nearly 9 million in
1964 to about 12 million in 1975, an annual rate of
increase of about 2.7 percent, and requirements in
wholesale trade are expected to increase from about
3.2 million in 1964 to about 4 million in 1975, an
annual growth rate of 2 percent.

Retail and wholesale trade activity is expected
to continue to increase rapidly through the mid-
1970's mainly because of increasing population
and consumer expenditures, and continuation of
the movement of people from rural to urban areas
and from cities to suburbs and the trend toward
keeping stores open during evening hours. How-
ever, growth in employment requirements is ex-
pected to be slowed somewhat by the increasing
application of laborsaving technolog-y. A larg, e
part of the employment growth in trade establish-
ments is expected to be among part-time workers,
particularly women and young workers.

Effects of Technological Developments on
Future Employment

Employment growth in this field is expected to
be slowed by increasing the efficiency of retailing
and wholesaling operations through improvements
in materials handling methods, packaging innova-

tions, the growing use of computers for inventory
control and billing operations, the increasing use
of automatic equipment in supermarkets, and
growth in the number of self-service stores and
departments of large stores.

The requirements for warehouse workers in
both wholesale and retail establishments should
be adversely affected by the increasing use of auto-
matically controlled conveyors for sorting and
moving goods into storage and selecting fast-
moving items for shipment. A growing number
of these systems will be controlleil by computers.
The efficiency of warehousing operations, par-
ticularly in wholesaling establishments, also is ex-
pected to be increased by the greater use of
improved palletizing methods and packaging of
items in normal purchase quantities (instead of
by the dozen, gross, etc.), which should reduce
materials handling.

The use of electronic data processing equipment
in trade industries can be expected to accelerate
in future years. For example a probable devel-
opment is the linking of dat.;,-processing equip-
ment with communications systems to facilitate
control over customer accounts,

i
sales and inven-

tory data, and other operating nformation from
central locations of large multiunit trade organi-
zations. The use of point-of-sale data recorders,
such as punch sales tickets and cash register tapes
designed for direct computer input also are ex-
pected to increase. The increasing use of elec-
tronic data processing systems to reduce routine
clerical operations is expected to limit growth in
the requirements for bookkeepers, accounting and
inventory clerks, and billing and calculating ma-
chine operators. Although the need for persons
skilled in operating electronic computers and
peripheral equipment should increase growth in
employment of such workers in traCle may be
limited as some small retail and wholesale
establishments are expected to contract out
their recordkeeping work to computer service
organizations.

In food supermarkets and other self-service re-
tail establishments, growth in the requirements
for workers such as markers and meat packagers
is expected to be reduced by the increasing use
of automatic wrapping and marking equipment,
and miscellaneous powered devices that are used
to prepare goods for merchandising. Still in the
development stage are automatic checkout count-
ers that total prices and bag items mechanically.
These systems may be in prototype state by. 1970
and their widespread use in the future could have
a major impact on requirements for checkers and
baggers.

The anticipated rapid growth of automatic
(vending machine) merchandising of goods and
services also is expected to limit growth in labor
requirements for waiters, waitresses, and sales
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workers. However, the adverse effects of auto-
matic merchandising will be at least partially off-
set by increasing requirements for workers to
stock, service, and maintain vending machines.
Several factors are expected to stimulate auto-
matic merchandising in the years ahead. For
example, improvements in currency-changing de-
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vices will make it Rossible to vend a greater variety
of merchandise. large machines that vend sev-
eral hundred different items have recently been
developed and are expected to be in general use
by the mid-1970's. Also, research is underway to
d.evelop vending machines that will accept credit
cards rather than coins or currency.



Finance, Insurance, and Real Estate (SIC Division G)

Summary

Employment requirements in finance, insurance,
and real estate establishments are expected to in-
crease approximately one-fourth between 1964 and
1975. Employment growth will be slower than
in the past decade or so, primarily because of the
increasing use of electronic data processing
equipment.

Employment Trends

1947-64. Employment in finance, insurance, and
real estate establishments increased from nearly

Employment
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1, 99 1
2, 069
2, 146
2, 234
2, 335
2, 429
2, 477
2, 5 19
2, 594
2, 669
2, 7 31
2, 800
2, 877
2, 964

1.8 million in 1947 to almost 3.0 million in 1964,
a rate of growth more than twice that of total
nonagricultural employment.

Four major industry groupsinsurance car-
riers insurance agents, brokers, and service;
banking; and real estateemployed more than 80
percent of all employees in finance, insurance, ana
real estate establishments in 1964. Insurance ac-
counted for more than one-third of the division's
workers; banking, just over one-fourth; and real
estate, nearly one-fifth. Most of the remaining
workers were employed in two major industry
groupscredit agencies other than banks and se-
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curity and commodity brokers, dealers, exchanges,
and servicesand a few were employed in other
finance, insurance, and real estate establishments.

Between 1958 and 1964,37 employment in finance,
insurance, and real estate establishments rose about
17 percent; however, the rates of growth varied
widely among the major industry groups. Em-
ployment increased by more than 35 percent in two
major industry groupecredit agencies other than
banks, and securities and commodity brokers,
dealers, exchanges, and services. Employment
rose by more than one-fifth in both the banking
industry and the insurance agents, brokers, and in-
surance services industry. Although banking ex-
perienced the largest absolute rise in employment,
its rate of increase was slowed by the expanding
application of computers and related equipment to
recordkeeping operations.

Employment in each of the three remaining
major industry groupsinsurance carriers; real
estate; and other finance, insurance and real estate
establishmentsrose by less ttan one-tenth.
Among these groups, only the employment growth
of insurance carriers was significantly affected by
the computerization of clerical operations.

Finance, insurance and real estate activities
have expanded markedly with the postwar indus-
trial and populotion. groWih. Between 19§0 and
1963, for example, the amount of life insiitance in
force increased froin $234 billion to $731 billion,
while the value of property and casualty insurance
premiums written rose from $6.9 billion to about
4;17 billion.38 In approximately the same period,
the number of checldng accounts of commercial
banks rose about 40 percent and the dollar value
of their loans more than tripled.38 Since World
War II, significant increases also occurred in the
volume of consumer credit outstanding and in the
annual market value of securities sold. Assets of
savings and loan associations increased and, with
the expansion of homebuilding, these additional
funds found ready loan outlets. The increased
volume of homebuilding and other construction
activities also led to an increase in the number and
size of real estate firms.

SI BLS employment (payroll) data for most finance, insurance,
and real estate industry groups are not available for the years
prior to 1958.

Insurance Yearbook, Life Volume, the Spectator, Philadelphia,
Pa., and Lije Insurance Fact Book, Institute of Life Insurance,
New York, N.Y. (Statistical Abstract of the United States, 1964,
U.S. Department of Commerce, table 840, p. 475) and, Best's Fire
and Casualty News, November 1988, pp. 22 and 28.

se Monthly Labor Review, September 1982, table 2, p. 991 ;
Business Statistics, 1988 edition, U.S. Department of Commerce,
pp. 89-91 ; and Federal Reserve Bulletin, March 1985, Board of
Governors of the Federal Reserve System, pp. 447 and 472.
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19 8 4-7 5. Employment requirements in .finance,
insurance, and real estate are expected to increase
by about one-fourth between /1964 and 1975, to
about 3.7 million. The ex ected annual rate of

that for the 1947-64 peri .
increase (about 2.1 percent knearly tw0-thirds

Population growth and rising per capita incoMe
and levels of economic activityfactors largely
responsible for the growth of employment in this
division during the postwar periodare expected
to stimulate future employment growth. As in
the past, employment growth will be limited by
the increasing application of laborsaving techno-
logical innovations. However, these innovations
will not have equal'y adverse affects on employ-
ment. In banking, technological change is ex-
pected to be a significant factor in limiting growth
in employment requirements, although not to the
extent that it has in recent years. In insurance
establishments, where operations also are heavily
automated at present, employment growth is ex-
pected to be more adversely affected than in the
past, as automation spreads into new areas. Em-
ployment growth in the remaining major industry
groups, which have experienced relatively little
mechanization of their operations, also will be
limited by the increasing application of computers
and related equipment.

Effects of Technological Developments on
Future Employment

Technological advances, particularly in the ap-
plication of computers, have allowed many estab-
lishments in these industries to process a rapidly
increasing volume of paperwork. The banking
and insurance industries were among the first to
adopt the computer to large-scale clerical opera-
tions. The increasing use of computers has slowed
employment growth in these industries in recent
years, particularly of clerical workers.

In the future, computers will be applied to ad-
ditional management oriented functions and to a
greater range of customer services and conven-
iences. These new applications should in turn con-
tinue to adversely affect requirements for clerical
workers, but create a need for increased numbers
of management and professional employees to
supervise and operate both the new services and
the increased amount of automated equipment nec-
essary to provide them. (More detailed discussion
of technological changes in banking, insurance,
and real estate are included in the following in-
dividual statements.)
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Banking (SIC 60)

During the post-World War II period, banking
activity rose sharply, primarily because of rising
population and personal and corporate income.
Between 1949 and 1960, checking accounts at com-
mercial banks rose by about 40 percent and the
average number of checks per account cleared an-
nually through the Federal Reserve System in-
creased by almost 32 percent. Between 1951 and
1964, the total number of checks handled annually
by the Federal Reserve System more than doubled.
Banks also introduced many new services and ex-
panded old ones. They started accepting payment
for utility bills, reconciling business checking ac-
counts7 and expanding branch-office facilities.
The widespread introduction of checking accounts

Summary

Employment requirements in banking are ex-
pected to rise rapidly through the mid-1970's
because of increasing population, personal and
corporate income, use of credit, popularity of
checking accounts, and number of services offered
by banks. Laborsaving innovations are expected
to be significant in banking through the mid-1970's,
although not to the extent that they have been in
recent years.

Employment Trends

1947-64. Employment in banking rose from
411,000 in 1947 to 764,000 in 1904, an increase of
86 percent, despite increasing automation of bank-
ing operations.°

Employilient
(in 0001s)

1947 411
1948 429
1949 432
1950 435
1951 461
1952 490
1953 514
1954 529
1955 549
1956 579
1957 603
1958 617
1959 641
1960 673
1961 694
1962 715
1963 741
1964 764

4° For a more complete discussion of trends and outlook in
banking, see "Changing Manpower Requirements in Banking,"
Monthly Labor Review, September 1962, pp. 989-996.
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requiring no minimum balance further contributed
to increased banking activity. Recent changes in
banking regulations now allow commercial banks
to offer interest rates on savings accounts that are
competitive with those of other types of fmancial
institutionsouch as savings and loan associations.
Banks also have increased their consumer business
and real estate credit activities. The dollar value
of consumer installment loans increased four times
between 1950 and 1964, while the dollar value of
all loans made by commercial banks more than
tripled.

1964-75. Employment requirements in banking
are expected to increase from about 764,000 in 1964
to 1.1 million in 1975, an annual rate of 3.3 percent
compared with 3.7 percent between 1947 anoi 1964.

Many of the trends responsible for the rapid
increase in banking activities and employment in
the postwar years are expected to continue through
the mid-1970's. These trends include increasing
population, rising levels of income, growing use
of credit, and increasing popularity of personal
checking accounts. As income levels rise? many of
the families without bonds, stocks, or bank savings
(currently more than one-third of all families)
will likely start such savings.

Employment requirements in banking are not
expected to increase as fast as banking activity
because of the greater use of computers and other
laborsaving innovations. For example, although
electronic data processing (EDP) equipment is
already used extensively in many banks, its use is
expected to expand significantly as it is used in a
growing number of banks and applied to addi-
tional banking functions.

Effects of Technological Developments on
Future Employment

Technological change is expected to be a signifi-
cant factor affecting employment requirements in
banking through the mic1-1970's. The major im-
pact of technology will be on employment of cleri-
cal workers, where the more widespread use of
electronic computers and other technological inno-
vations are expected to reduce unit labor require-
ments.

The application of computers to banking opera-
tions has increased rapidly in recent years and a
continued rise in the number of banks that use
computers is anticipated. Between 1962 and 1965,
there was an increase of more than 125 percent in
the number of banks that operated their own com-
puters, contracted for computer services either
with correspondent banks or with independent
computer service bureaus, or shared computer time
with another organization. According to a 1964
American Bankets Association survey, computer
services are expected to be used by all banks with
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deposits of $100 million or more during the 1970-
75 period, by 90 percent of those with $50-$99 mil-
lion in deposits, and by more than two-thirds of
those with deposits in the $10-$49 million range.41

EDP equipment has been applied to such bank-
ing functions as the processing of checks, loans,
and savings accounts. In the years ahead, EDP is
expected to be extended to aciditional functions,
including consumer credit, check account recon-
ciliation, and customer payroll activities, which
should add to the volume of 13anking business with
little increase in requirements for clerical workers.
For example, EDP is being used in connection
with touch-tone card dialers, a development that
may eventually curtail the use of flecks in finan-
cial transactions. Already, being tested are direct
card dialing connections between local retailers
and bank computers.

The use of checks coded with Magnetic Ink
Character Recognition (MICR) numerals should
permit banks to handle a substantially greater
number of checks without a corresponding increase
in the need for bookkeepers and other clerical
workers. MICR, already used on more than 90
percent of all checks cleared through the Federal
Reserve System, involves the printing of special
characters on checks, which, in turn, permits rapid
machine sorting through mechanical reading of
the characters. MICR also enables direct transfer
of information from checks to computers.

Improvements in data transmission systems may
make possible the transmission of facsimile checks
between banks cheaper than shipping the actual
checks. The widespread use of this system could
virtually, eliminate interbank transfer of checks
and significantly reduce the need for clerical work-
ers to tabulate and sort checks.

The efficiency of banking operations also is ex-
pected to increase through the increasing use of
recent innovations such as electronic bookkeeping
machines, machines to receive and receipt deposits,
and closed circuit TV combined with pneumatic
tubes (facilitating drive-in service).

Although the automation of banking operations
is expected to adverselT affect requirements for
workers in some occupations, it should increase re-
quirements in others. For example, the growing
use of computers should boost requirements for
workers skilled in the operation of computers, in-
cluding the peripheral eguipment used with them.
Because of the expected increase in banking activ-
ity and the number of services offered by banks,
requirements for bank officers in areas requiring
personal attention, such as credit, trusts, and in-
vestment, also should grow. The number of bank
tellers also is expected to increase substantially,
despite the introduction of equipment that will
enable them to perform their work more rapidly.

dl "Banking Automation-1975," Banking, July 1964, p. 46.
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Insurance (SIC 63 and 64)

Summary

Employment requirements in insurance are ex-
pected to increase moderately, between 1964 and
1975. A substantial increase is anticipated in in-
surance activitz, because of increasing population
in the prime insurance-purchasing age groups,
rising personal income, greater awareness of the
financial needs for retirement, and an expanding
stock of insurable goods. Technological- change
is expected to be a significant factor in limiting
employment growth in insurance through the mkt-
1970's.

Employment Trends

1958-64. Insurance employment rose rapidly dur-
ing the post-World Ttrar II period. Between

Employment
(in 0001s)

1958
1959
.1960
1961
1962
1963
1964

999
1, 007
1, 028
1, 048
1, 064
1, 091
1, 121

195842 and 1964, employment rose from about
1 million to more than 1.1 million.

Between 1958 and 1964, employment grew faster
in insurance agents, brokers, and services establish-
ments than in insurance carrier establishments.
However, insurance carriers accounted for nearly
three-fifths of the increase in employment during
this _period and for about 80 percent of insurance
employment in 1964. Employment growth in in-
surance carriers was limited by the application of
technological innovations that reduced the need
for clerical personnel.

Insurance sales and employment rose during
the post-World War II period mainly because of
rising population in the 15 to 44 age group (which

41 BLS employment (payroll) data for the insurance major in-
dustry groups are not available for years prior to 1958.
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accounts for most insurance sales), rising personal
income, and longer life expectancy. The number
of people in this age group rose from about 67
million in 1950 to iust over 75 million in 1963."
These individuals buy large amounts of life in-
surance because of their family responsibilities.
For example, in 1963, this group accounted for 82
percent of the total dollar amount of ordinary life
msurance purchased."

Higher levels of personal income enabled people
to purchase increasing amounts of insurance and
to make more numerous and expensive purchases
of such items as automobiles. Insurance on such
purchases provides the major source of income for
property and casualty companies. Between 1958
and 1962, expenditures on insurance premiums
rose from just under $28 billion, to an estimated
$38 billion," an increase of about 36 percent.
This increase in premium expenditures was in
turn reflected in a higher value per insurance
policy. For example, in 1963, the average new
ordinary life policy was $7,100, while the average
value per policy for all ordinary life insurance
in force was only $4,100."

Another 'boost to insurance sales occurred as the
rising standard of living and advances in medical
science enabled people to look forward to a longer
life expectancy than in the past, and increased
their interest in life insurance as a means for
building adequate retirement funds. Insurance
sales also were stimulated by the growing impor-
tance of group life, health, and accident policies.

1964-75. By 1975t employment in this industry
may reach 1.25 million, approximately 11 percent
higher than the 1.1 million employed in 1964.
Th.e average annual rate of growth implied by the
projectionabout 1 percentis much slower than
the 2 percent experienced in the 1958-64 period.
This slowdown in the rate of growth is anticipated
because of the increasing automation of insurance
operations.

Among the factors expected to have a positive
effect on insurance employment in the 1965-75
deco cle are increasing population in the prime in-
surance purchasing age groups (the number in
the 15- to 44-year group will increase from 75
million in 1963 to 93 million in 1975) ; rising per-
sonal income; greater awareness of the financial
needs for retirement ; and an expanding stock of
insurable goods, such as homes, boats, and auto-
mobiles. If the practice of self-insurance by large
corporations continues to grow, employment

43U.S. Census of Population, 1960, Vol. 1, 11,S. Department of
Commerce, table 1158, pp. 1-360 ; and Current POpulation Reports,
Series P-25, No. 276, 'November 19, 1963, U.S. Department of
Commerce, table 1, p, 11.

+A Life Isouranoe lraot Book, 1964, Institute of Life Insurance,
p. 20.

0 Institute of Life Insurance, February 1963.
"Ibid., December 1965.

At
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growth in the industry may be dampened. The
self-insurance system bypasses the insurance com-
pany because, under this system, business firms set
up and service their own group insurance pro-
grams.

Insurance employment is not expected to rise
as fast as insurance activity. One important rea-
son is the increasing computerization of insurance
operations, which is expected to adversely affect
the need for clerical workers. In addition, em-
ployment growth in clerical and sales occupations
may be reduced somewhat by the increasmg im-
portance of policies that combine several types of
coverage. All-line policy selling and group msur-
ance enable a salesman to handle larger volumes
of insurance sales than otherwise possible and
significantly reduces recordkeeping.

Effects of Technological Developments on
Future Employment

Increasing use of data processing and data
transmission equipment for home office clerical
operations is expected to have an adverse effect
on insurance employment growth. The number
of routine clerical jobs will probably be reduced
significantly. On the other hand, requirements
may increase for personnel skilled in the opera-
tion of computers and peripheral equipment.

Data transmission systems already are being
used to send information from field offices to home
office computer centers, or to link district compu-
ter centers. The expanded use of such equipment
is expected to reduce growth in the number of field
office employees engaged in recordkeeping func-
tions without comparable increases in require-
ments for home office personnel. Various reading
and sensing technigues are being introduced in
areas such as premium collection. For example,
check-writing and handling operations are being
coordinated with magnetic mk character recogni-
tion systems similar to those used by banks. These
developments are designed to reduce the amount of
input preparation done by workers such as key-
punch operators.

In addition to improvements in data processing
techniques, insurance employment also will be af-
fected by changes in marketing methods and in-
dustry organization. For example, direct selling
(using mail, advertising, and company agents) is
increasing, particularly in the case of automo-
bile lines. Carrier consolidation has been encour-
aged by changes in State regulatory laws that now
allow fire and casualty companies to write all types
of nonlife lines. Consolidated insurance compa-
nies can service several lines of insurance, with
some reduction in unit labor requirements.
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Real Estate (SIC 65)

Summary

Employment requirements in real estate are ex-
pected to increase moderately between 1964 and
1975. Technological change is not expected to
affect employment growth significantly through
the mid-1970's, because of th.e small size of the
average real estate firm and because the business is
service oriented.

Employment Trends

1958-64. Employment in the real estate major
industry group increased from 507,000 in 1958 to
558,000 in 1964.47 This employment growth re-
sulted primarily from rising building activity, par-
ticularly for residential housing and commercial
structures; the shift of families from cities to the

et BLS employment (payroll) data for the real estate major
industry group are not available for the years prior to 1968.

Employment
(in 0001s)

1958
1959
1960
1961
1962
1963
1964

507
520
517
514
530
543
558

INDEX 1958=100
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0

suburbs and from rural to urban areas; rising
personal income; and favorable credit terms result-
ing mainly from Government legislation, for ex-
ample, Veterans' Administration (VA) and Fed-
eral Housing Administration (FHA) home-loan
guarantees.

In 1064, operative builders (firms that are en-
gaged primarily in construction for sale on their
own account) and subdividers and developers ac-
counted for slightly less than 20 percent of total
employment in this major industry group. How-
ever, these two types of enterprises accounted for
the majority of the group's actual employment
growth in recent years. The largest concentration
of employment in other real estate activities was
in the operators and lessors industry group, which
includes real estate operators (except tievelopers)
of nonresidential and apartment developments,
and lessors of real property, such as agricultural
and forest. On the basis of indirect evidence, em-

EMPLOYMENT IN REAL ESTATE, 1958-64
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ployment in this industry group has changed lit-
tle in recent years. On the other hand, the agents,
brokers, and managers industry has experienced
employment growth and has accounted for about
20 percent of total real estate employment since
1958.

Increased building, including urban renewal ac-
tivities, has resulted in increasing employment in
the subdividers and developers industry. Estab-
lishments in this industry are engaged in subdi-
viding property into lots and developing them for
resale by others or for their own account.

Employment grew in the agents, brokers, and
manager industry, as rising population increased
the demand for housing and as high-mobility rates
resulted in frequent 'buying and selling of homes.
Between 1947 and 1963, the number of people
changing their place of residence annually in-
creased from about 28 million to more than 35 mil-
lion." Some major factors causing people to
move were shifts in population from rural to ur-
ban and from city to surburban locations the in-
creasing percentage of younger people, who tend
to move more frequently than older age groups ;
the tendency to trade-up to better housing as in-
come increased ; and the increase in the size of
families, which stimulated demand for larger liv-
ing quarters.

Rising levels of personal income coupled with
favorable credit terms served to encourage con-
struction activity and enabled a larger proportion
of people to own their own home. The number of
owner-occupied farm and nonfarm dwelling units
rose from about 20 million in November 1945, to
about 32.8 million in April 1960." Housing ex-
penditures have accounted for an increasingly
larger share of all consumer expenditures in recent
years, rising from 12.2 percent in 1955 to 12.8 per-
cent in 1960.50 Expenditures on owner-occupied
housing rose from 7.4 percent to 8.1 percent of con-
sumer expenditures in the same period.51 Govern-
ment legislation to guarantee home loans through
the VA and FHA were significant developments
in the area of home credit. Competition among
financial institutions for real estate loans also
served to make private housing credit more readily
available.

Rising industrial production spurred the need
for industrial and commercial buildings during the
post-World War II period. Between 1947 and
1964, the number of new businesses incorporated
annually rose from about 112,000 to just under

48 Current Population Reports, Series P-20, No. 134. Bureau of
the Census. March 25. 1965. pp. 12 and 13.

do Housing and Home Finance Agency, 1963 Annual Report,
table B-21, p. 452.

50 The Changing American Population, a report of the 1961
Arden House Conference on the Changing American Population,
Jointly sponsored by the Graduate School of Business, Columbia
University, and the Institute of Life Insurance, New York, 1962.

51. Ibid.
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200,000.52 Between 1951 and 1964, the net sales
and profits of manufacturing corporations with
assets of $1 million and over increased approxi-
mately 90 percent." Along with the expansion of
business, increases in white-collar employment
forced many businesses to expand their office space
and created a strong demand for construction of
new office buildings. The construction of other
types of commercial stuctures such as hotels, mo-
tels, and shopping centers also increased in recent
years.

1964-75. Manpower requirements in the real
estate major industry group are expected tb in-
crease moderately in the years ahead. By 1975,
employment needs may reach 650,000, or 17 percent
above the 1964 level. Employment will be stimu-
lated by the same factors as during the postwar
period.

Employment requirement9 of operative builders
and subdividers and developers should continue to
increase with the demand for housing, and the
greater emphasis on urban renewal activities. Em-
ployment of agents, brokers, and managers should
expand as population and personal income in-
crease, and as population mobility remains at a
high level.

The demand for housing will be strong during
the first half of the 1970's, stimulated by such dem-
ographic factors as a rapid increase in new family
formations. The market for office and other com-
mercial structures and for apartment houses is
also expected to remain strong, stimulated pri-
marily by factors, such as rising levels of business
activity, urban renewal, and the increasing popu-
larity of intown living.

Effects of Technological Developments on
Future Employment

Technological changes are not expected to effect
significantly employment growth in real estate
through the mid-1970's, because of the small size
of the average firm and because the business is
service oriented. In 1962, more than four-fifths
of all real estate establishments had fewer than
four employees, and these firms accounted 'for
about one-third of total employment." In addi-
tion, the application of data processing has been
limited by the employment of family members in
clerical work by many of the smaller firms. In
the future, however, the development of smaller
and more flexible computers than are currently
available, along with increased contracting of work
to computer service bureaus, should stimulate the
use of electronic data processing (EDP) equip-

52 Small Business Administration, 1964 Annual Report, p. 6.
53 Ibid., p. 11.
55 County Business Patterns, First Quarter 1968, Part I, U.S.

Summary, U.S. Department of Commerce, p. 18.
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ment and increase the recordkeeping efficiency of
the smaller firms.

An increasing number of the relatively few
large firms in tb.e industry, mainly real estate man-
agement firms, are expected to apply EDP equip-
ment to company functions with a resultant drop
in unit labor requirements for clerical workers.
Many firms are already using EDP to send out

CHANGE AND EMPLOYMENT

rent bills, _compile daily statements, and speed up
other bookkeeping operations.

Although the increasing use of EDP equipment
is expected to adversely affect requirements for
clerical workers such as billing clerks and book-
keeping machine operators, it will increase employ-
ment requirements for workers skilled in the op-
eration of computers and peripheral equipment.



Services (SIC Division H)
lation with its increasing proportion of very
young and very old peoplethe groups most need-
mg medical care ; ansi from the increasing amount
of mone3r being spent on health and medical pro-
grams. Employment in automobile repair and
legal services expanded by roughly one-quarter,
and amusement and recreation services, educa.-
tional services, museums and art gallaries, and
miscellaneous repair and other services each grew
by close to one-fifth, reflecting the increasing de-
mand for varying types of service by our rising,
more affluent population. Personal services and
nonprofit membership organizations showed the
slowest rate of employment growth, both increas-
ing by about 7 percent over the period. Motion
picture employment decreased by about 10 percent,
in part, because more films were being made on
location in other countries.

Summary

Employment requirements in the services divi-
sion are expected to increase rapidly between 1964
and 1975. This increase will stem mainly from
the rising demand for service lunctions by our
growing, more affluent population. Technological
change is not expected to limit employment growth
significantly in this division through the mid-
1970's, because of the personalized nature of most
of the services performed.

Employment Trends

/947-64. Employment in this division increased
rapidly from nearly 5.1 million in 1947 to about
8.6 million in 1964. Employment growth has re-
sulted primarily from substantial increases in our
population, a rapid rise in personal disposable
mcome, and growing demand for services that
add to people's comfort and enjoyment and pro-
tect lives and property.

In 1964, medical and other health services com-
prised one-fourth of total employment in this
mdustry division ; nonprofit membership organi-
zations and miscellaneous business services ac-
counted for 13 percent and 11 percent of employ-
ment, respectively. Other major industry groups
with significant numbers of workers were hotels
and other lodging places, personal services, auto-
mobile repair services, amusement and recreation
services, educational services, private household
services, and miscellaneous services. The remain-
ing workers were employed in miscellaneous re-
pair services; motion pictures; legal services; and
museums, art galleries, botanical and zoological
gardens.

Between March 1959 and March 1964,55 employ-
ment increased in all but one of the major industry
groups in the service division. Miscellaneous
business services, the fastest growing industry, in-
creased close to one-half over the period, as higher
levels of business activity occasioned increased ex-
penditures by business firms on such services as
management consulting, research and development
work, consumer-credit reporting, building main-
tenance, and advertising. In medical and other
health services, employment increased by about
one-third, primarily because of expanding popu-

5513L5 employment (payroll) data are not available for the
major industry groups for the years prior to 1959 (benchmark
data).

1964-75. Between 1964 and 1975, manpower re-
quirements in this division are expected to rise by
more than two-fifths, to about 12.3 million.

Factors that will contribute to the rapid increase
in services employment requirements in the years
ahead include continuing population increases, ex-
panding interest in preventive medicine and reha-
bilitation of the handicapped ; the increased need
to protect life and property as urbanization con-
tinues and cities become more crowded ; and the
more frequent use of restaurants, beauty parlors,
and other services by families and individuals as
income levels and leisure-time rise and as an in-
creasing number of housewives take jobs outside
the home.

Requirements in educational services are ex-
pected to grow especially rapidly as more young
people attend schools at all levels. Expanding
Gtovernment assistance for vocational and adult
education; and training and education for youth,
the poverty stricken, and the unemployed, also will
increase employment requirements in educational
services.

Manpower requirements in business services of
all kinds also are expected to grow as business
firms rely increasingly on advertising services to
sell their products ; accounting, auditing, book-
keeping, and computing services to handle their
fiscal recordkeeping ; contract firms to provide
maintenance services ; audit bureaus and collecting
agencies to cope with the increasing use of con-
sumer credit ; and research and development firms
to provide and test new and improved products.
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Effects of Technological Developments on
Future Employment

The necessity for extensive person-to-person
contact in the performance of service functions
limits the impact of technological innovations on
employment requirements. Many of the estab-
lishments in this industry division are small and
have limited investment potential, factors that
will tend to slow the introcluction of laborsaving
technological innovations.

Clerical and kindred workers probably will be

'63 '65

most affected by technological developments in the
services division as automatic data processing
equipment is used increasingly by smaller firms.
Other new products and equipment also may affect
employment requirements. For example, drip-dry
textiles may reduce the need for laundry service
workers, and home beauty products may limit the
growth of beauty shop employment. However,
the number of service workers expected to be elimi-
nated will be far fewer than the number of new
employees needed to meet the growing demand for
services.

Hotels Rooming Houses, Camps, and Other Lodging Places (SIC 70)

Summary

Employment requirements in hotels, rooming
houses, camps, and other lodging places are ex-

pected to increase rapidly between 1964 and 1975.
Employment requirements should grow mainly
because of increases in population, business activ-
ity, income, and leisure timefactors that will
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stimulate travel. Technological change is not
expected to limit employment growth sigrnificantly
in this major industry group through the mid-
1970's, because of the personal nature of many of
the services performed.

Employment Trends

1947-64. Employment in hotels, rooming houses,
camps, and other lodging places increased-by about
one-quarter between 1947 and 1964, rising to ap-
proximately 640,000 in 1964.

In 1964, 90 percent of total employment in this
major industry group was accounted for by hotels,
motels, and tourist courts. The remaining em-
ployees worked in rooming and boarding houses ;
trailer parks and camps ; and organization hotels
and lodging places run on a membership basis.

Although the number of hotels decreased by
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about 8 percent between 1958 and 1963, this decline
was offset by an increase of the same magnitude
in the number of motels. These countervailing
trends in the number of establishments were re-
flected similarly in employment : Hotel employ-
ment declined 10 percent and motel employment
increased 27 percent over the same period.

1964-76. Manpower requirements in the major in-
dustry group are expected to rise rapidly between
1964 and 1975, to about 820,000. The anticipated
employment growth will result partly from lib
creasing travel associated with higher levels of
business aetivity, expanding population, greater
personal income, and more leisure time. In addi-
tion, employment expansion will be stimulated by
the increasmg variety and elaborateness of hotel
services and accommodations, such as providing
facilities and service for conferences, banquets,
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and social and civic entertainment needs; recre-
ational facilities, such as tennis courts, swimming
pools, exercise rooms, and boating; weekend en-
tertaimnent programs; shuttle services, vacation
packAres for foreign and domestic travelers
offe in conjunction with transportation
companies; and "mstant motels"low cost mobile
units that can be quickly placed in anticipation of
a heavy influx of travelers. Some of the person-
nel required to implement these new and expand-
ing hotel services will need special training in such
areas as physical education, recreation, manage-
ment, and the performing arts.

Effects of Technological Developments on
Future Employment

So far, employment growth in this industry has
not been significantly affected by_ the introduction
of technological innovations. Nearly 6 of every
10 who work in this industry perform some kind

of personal service that does not lend itself to
mechanizationfur example, the work of waiters
and waitresses 9 and cooks and chefs. Another
2 of every 10 workers are managers, officials, and
proprietors performing functions that may be
aided, but not substituted for, by machines. The
workers most affected by mechanical aids are cleri-
cal workers and kitchen helpers. For example,
the use of electronic data processing equipment
and other types of office machines is now wide-
spread in this industry and is expected to increase
further. The increasing use of automatic dish-
washing equipment, vegetable cutters and peelers,
and other mechan:;.cal kitchen equipment will con-
tinue to limit the growth in employment require-
ments for kitchen helpers. Also, the use of food,
soft drink, sandwich and other vending machines
has and will continue to affect adversely employ-
ment requirements for counter and fountain
workers.

Miscellaneous Business Services (SIC 73)

Summary

Employment requirements in the miscellaneous
business services major industry group are ex-
pected to increase very rapidly between 1964 and
1975. This increase will result from the steadily
rising demand for services from a growing, more
affluent population. Technological change is not
expected to have a significant impact on employ-
ment growth through the mid-1970's.

Employment Trends

1959-6 4. Employment in this major industry
group increased from 670,000 in March of 1959,
to about 980,000 in March 1964,58 an annual rate
of increase of about 8 13ercent. In- 1964, "other
business services" 57 establishments employed about
60 percent of total employment in this major in-
dustry group; establishments furnishing services
to dwellings and other buildings accounted for
about 16 percent ; and the remaining workers were
in establishments renderinkservices in the areas of
advertising ; consumer credit and mercantile re-
porting, and adjustment and collection; and du-

54 BLS employment (payroll) data are not available for this
major industry group for the years prior to 1959 (benchuark
data).

61 Includes the following industries : news syndicates; private
employment agencies ; and business services not elsewhere classi-
fied (establishments engaged in research, development, and test-
ing on a commercial basis; business and management consulting ;
and other business services, such as airplane rental, photographic
developing, and fingerprinring).

plicating, addressing, blueprinting, photocopying,
mailing, mailing list, and stenographic services.

Although emploment in all major segments
of miscellaneous lousiness services has been in-
creasinff "other business services" and "services
to dwe ings and other buildings" experienced the
greatest employment growth over the 1959-64
period. Employment in the services to dwellings
and other buildings establishments increased from
93,000 to 157,000, an increase of 69 percent; while
other business services grew by 58 percent, from
373,000 to 591,000 employees. Employment in
credit bureaus and collecting agencies also ex-
panded fairly. rapidly 1,28 percent) over the 1959-
64 period, rising fiom 48,000 to 62,000. Employ-
ment growth in other segments of the miscellane-
ous business services group, however, was much
less rapid. The number of workers employed in
direct mail advertising, duplicating, mailing,
copying, and stenographic services, and in adver-
tising mcreased by only 10 percent and 8 percent,
respectively.

Employment trends varied within the rapidly
increasing other business services" segment. An
estimated 68 percent employment rise in research
and development laboratories occurred in response
to a creneral increase in research and development
activTty. Employment in business and manage-
ment consulting firms increased by two-thirds be-
cause of the growing complexity of industry and
commerce. On the other hand, employment in
news syndicates is believed to have declined
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slightly, in part, because of improvements in com-
munications and transportation.

1964-75. Manpower requirements in this major
industry group are expected to rise by about four-
fifths between 1964 and 1975, to almost 1.8 million.
This rapid rise in. employment requirements is ex-
pected mainly because of rising levels of business
activity: However, employment requirements
among individual industries will be influenced by
a variety of factors. For example, rapid employ-
ment growth in establishments furnishing serv-
ices to liwellings and other buildings will be stimu-
lated by increases in the number of commercial
buildings and the trend to contract services for
window washing, floor waxing, office cleaning, and
other janitorial services. Employment in credit
reporting and collection agencies should be stimu-
lated by population growth and rising personal
income.

Effects of Technological Developments on
Future Employment

Technological innovations are not expected to
have a.significant impact on employment require-
ments in this major industry group in the d.ecade
ahead.

The average miscellaneous business services
establishment is relatively small. Many firms
lack the financial resources needed to acquire major
laborsaving equipment. In addition, many mis-
cellaneous business services establishments per-
form functions that do not lend themselves to
mechanization and automation. However, em-
ployment requirements in establishments such as
those providing advertising, business and man-
agement consulting, and duplicating services may
be adversely affected by the introduction of new
and improved equipment.
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Automobile Repair, Automobile Services, and Garages (SIC 75)
Summary

Employment requirements in the automobile re-
pair, automobile services, and garages major in-
dustry group are expected to increase from 308,000
in 1964, to about 400,000 in, 1975. . Employment
requirements are expected to grow almost as
rapidly as motor vehicle registrations, with tech-
nological developments having only a; slightly ad-
verse effect on employment growth.

Employment Trends

1959-64. Employment in automobile repair, auto-
mobile services, and garages major industry group
increased from about 240,000 in 1959 to approxi-
mately 308,000 in 1964."

5813LS employment (payroll) data for this major industry
group are not available for the years prior to 1950.

Employment
(in 0001s)

March . 1959
March 1960
March 1961
March 1962
March 1963
March 1964

In 1964, almost four of every five workers in this
major industry group were employed in auto re-
pair shops and establishments provid.hig auto
services such as inspection, washing, polishing,
towing, and driving instruction. The remaining
workers were employed in auto parking and auto
rental establishments in about equal numbers.

Employment in auto rental establishments grew
very rapidly (almost 73percent) between 1959 and
1964, mainly laecause of increases in business and
pleasure travel, accompanied by the grormg
practice of renting and leasing motor vehitles.
Employment in the auto repair and services in-
dustries, combined, increased rapidly between 1959
and 1964 (about 28 percent) and, because of their
large size, accounted for nearly 80 percent of the
new jobs in the major industry group. The sig-
nificant employment increase was primarily a re-
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sult of the rising demand for auto repairs gen-
erated by the growing number and complexity of
automobiles. Between 1959 and 1964, automo-
bile registrations increased from about 59.6 mil-
lion to 71.9 million or by 20 percent." The grow-
hig popularity of items such as automatic trans-
missions, power steering, and air conditioning in-
creased the complexity of automobiles during the
late 1950's and early 1960's. For example, the
proportion of new automobiles equipped with
factory-installed air conditioners almost tripled
between the 1959 and 1964 automobile model
years.°°

In contrast to the rapid employment growth in
the auto rental and auto repair and services estab-
lishments, employment in auto parking establish-
ments increased only slightly (about 3 percent)
between 1959 and 1964. The relatively slow em-
ployment growth in auto parking resulted from
the rapid increase in the number of self-service
parking lots and suburban shopping centers offer-
ing free parking.

1964-75. Employment requirements in the auto-
mobile repair, automobile services, and garages
major industry group are expected to increase to
400,000 by 1975, an annual growth rate of 2.4 per-
cent compared with 5.1 percent between 1959 and
1964. Employment growth will result primarily
from the growing number and complexity of
automobiles. Registrations of automobiles are
expected to increase by about 30 percent by
1975, to more than 93 million. The demand for
automobiles will be spurred by rising population
and new household formations, increased con-
sumer purchasing power, and more multicar
ownership.

However, employment will increase less rapidly
than in the past because of the growing competi-
tion from auto dealers for the auto repair market,
greater emphasis on replacement rather than
repair of auto parts, and increases in output per
worker resulting from job and repair shop special-
ization and the application of laborsavmg tech-
nology. In recent years, the introduction of ex-
tended maintenance warranties on new automobiles
has tended to tie buyers of new automobiles to
dealers for service.

While most of the new job openings in this
major industry group will occur in the auto repair
and services sector, establishments renting auto-
mobiles should continue to have the fastest rate
of employment growth. The demand for rental
automobiles will be stimulated by increases in
business and pleasure travel. Air travel, a major
factor in the demand for rental automobiles, is
expected to become increasingly popular.

" A u tomo bile Facts and Figures, 1965, Automobile Manufac-
turers Association, 1985, p. 18.

10 Ibid., p. 14 ; and Automobile Facts and Figures, 1964, p 14.
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Although a substantial increase in the number
of parking establishments is anticipated in the
years ahead, employment in these establishments
is expected to continue to grow slowly, because of
the anticipated rapid increase in the number of
suburban shopping centers and self-service park-
ing operations.

Effects of Technological Developments on
Future Employment

Technological developments are expected to
have only a slightly adverse effect on employment
growth in this major industry group through the
mid-1970's. The major impact of technology will
be on employment in establishments engaged in
automobile repair and services where the more
widespread use of laborsaving devices and im-
proved operating procedures are expected to re-
duce labor requirements moderately and change
job characteristics.

The increasing use of test equipment such as
dynamometers and engine analyzers may slow the
employment growth of mechanics by reducing the
time needed to diagnose malfunctions and cheek
the quality of repairs. The increasing use of
power tools and special purpose toolssuch as
pneumatic wrenches and cutting tools, transmis-
sion jacks, and tire changerswill reduce labor
time needed to disassemble and assemble automo-
bile components, thus limiting the growth in
employment of mechanics, body repairmen, tire
changers, and general garage laborers. The need
for car washers may be reduced as a result of
increases in the number of self-service car wash
facilities and improvements in mechanized "car
laundry" equipment.

A recent development is the emergence of large
automobile repair shops that feature production-
line diagnosis of automobile malfunctions. In
these shops, diagnosticians who are skilled in
operating dynamometers and other types of test
equipment determine needed repairs and route
automobiles to mechanics who are specialists in a
particular kind of repair work. Although rela-
tively few large automobile repair shops presently
use production-line diagnosis, the number may
increase significantly during the next decade. A.s
a result, the employment of diagnosticians and
mechanic specialists may increase faster than the
employment of all-round mechanics.

Increasing output per worker resulting from the
more widespread use of laborsaving devices and
improved operating procedures will be offset to
some extent 133, greater maintenance requirements
stemming from the trend toward greater complex-
ity in automobiles. During the next decade, a
growing proportion of automobiles is expected to
be equipped with air-conditioners, power steering,
crankcase and exhaust emission control devices,



1-118 STUDIES : OUTLOOK FOR TECHNOLOGICAL CHANGE AND EMPLOYMENT

and other items that add to maintenance require-
ments and the need for mechanics. On the other
hand, the need for automobile lubrication men

is expected to decrease because an increasing pro-
portion of the automobiles in use will require less
frequent oil changes and chassis lubrications.

Miscellaneous Repair Services (SIC 76) 61

Summary

Employment requirements in miscellaneous
repair services establishments are expected to in-
crease rapidly between 1964 and 1975. This
growth will stem primarily from the Nation's
growing stock of consumer durable goods, most of
which require repairs at one time or another.
Technological innovation is not expected to re-
strain employment growth significantly.

Employment Trends

1959-64. Employment in miscellaneous repair
services establishments increased by slightly better
than one-sixth between March 1959 62 and March
1964, from about 124,000 to approximately 146,000.

In 1964, more than two-thirds of all employees
in this major industry group were employed in
"other miscellaneous repair shops." 08 The re-
maining workers were employed in establishments
primarily engaged in the repair of electrical equip-
ment, such as home appliances, television sets,
radios, transformers, and electronic and electrical
control equipment.

Between March 1959, and March 1964, employ-
ment grew by about one-fifth in "other miscellane-
ous repair shops" and by about one-eighth in
electrical repair shops, mainly because of the ris-
ingstock of durable goods resulting from rising
business and consumer expenditures. In addition,
much of the equipment repaired by workers in
these establishments increased in complexity, thus
increasing labor requirements.

1964-75. Manpower requirements in miscellane-
ous repair services establishments are expected to
rise by about two-fifths over the next decade, to
about 205,000 in 1975.

The increase in employment requirements will
result from increasing consumer purchases of elec-
trical goods, including portable and color tele-

el This industry covers a miscellany of repair services per-
formed primarily by independent owner-operators or by very small
shops. A large part of the Nation's repair services are performed
by workers in other industries.

BL S employment (payroll) data are not available for this
major industry group for the years prior to 1959 (benchmark
data).

63 Includes bicycle, leather goods, musical instrument, farm
machinery, business machine, and reupholstery and furniture re-
pair shops ; locksmith and gun shops , armature rewinding shops ;
typewriter rental shops ; and establishments primarily engaged in
the repair of watches, clocks, and jewelry.

visions, stereophonic and transistor radios, video
tape recorders, and household appliances ; and ris-
ing business expenditures for capital goods
virtually all of which require repair.

Rapid growth is expected in the number of
radios, televisions, and phonographs in use. In
1964, more than 9 out of every 10 households
had 1 or more television receivers. Over the next
decade, the number of households with two or more
television receivers is expected to increase signifi-
cantly, mainly because of the growing demand for
color, and portable television receivers. Other
consumer electronics products that are expected to
be used increasingly include stereophonic radios,
phonographs, AM-FM radios, and portable tran-
sistor radios. New consumer products, such as
homs video tape recorders? as well as improved
styling and design of existing products, will also
stimulate demand. Greater use of nonentertain-
ment products, such as closed-circuit television,
two-way radios, and various medical electronic
devices, also is expected.

In recent years, technological improvements in
television receivers and radios (such as the use of
transistors in place of tubes) have reduced the
amount of repair service this elluipment requires.
On the other hand, there has been an increase in
the care, skill, and technical knowledge needed
to repair the more complex equipment in use.
These technological developments are expected to
increase employment of television and radio service
technicians who have theoretical as well as prac-
tical knowledge of electronic circuits and know-
how to use the latest test equipment. Servicing
television receivers, radios, and related electronic
equipment is a changing field, with constant tech-
nological advances.

The number of household appliances in use also
is expected to increase rapidly during the decade
ahead.. Demand will be stimulated by the intro-
duction of new types of appliances and, by the im-
proved styling and design of conventional appli-
ances to make them more attractive and easier to
operate. In addition, more widespread use of
such appliances as electric can openers, waste dis-
posers, home clothes dryers, lmife sharpeners,
and coin-operated dry cleaning machines is
expected.

Employment requirements in other repair shops
also are expected to increase. For example, in-
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creased expenditures for the rental or purchase of
musical instruments, such as electrically powered
organs and guitars, is expected because of rising
personal spendable income, more leisure time, and
a rapid increase in the number of young people.
Increases in the rental and purchases of type-
writers and various other busmess machines will
stimulate the demand for repairmen. In addition,
growth in both the number and complexity of
machines used on farms will stimulate require-
ments of farm equipment repairmen.

Effects of Technological Developments on
Future Employment

Technological innovations are not expected to
limit significantly the growth in employment re-
quirements in miscellaneous repair services estab-
lishments. A rapid increase in the number of
machines in use will more than offset expected in-

creases in output 13er worker. A continued in-
crease in research and development activities
should result in many new and improved products
for both industry and the consumer. Although
many of these products will be designed for more
efficient repair, the number in use is expected to
more than offset these gains. In addition, the
small size of many repair shops tends to limit the
extent to which laborsaving innovations can be in-
troduced. In 1963, for example, more than 70 er-
cent of the miscellaneous repair services estab
ments were operated by proprietors with no em-
ployees. The remainder averaged about four
workers per establishment. However, employment
requirements will be adversely affected to some ex-
tent by the inanufacture of products that can be
sold at prices competitive with the cost of repair.
For example, an increasing number of watches are
in use that can be replaced for less than the cost
of repair.
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Medical and Other Health Services (SIC 80)

Summary

Employment requirements in medical and other
health services establishments (excluding govern-
ment services) are expected to increase by more
than one-half between 1964 and 1975, rising to
about 3.1 million in 1975. The employment of
technicians and subprofessionals will expand
greatly both to supplement professional workers
and to operate the many new and improved tech-
nological devices.

Employment Trends

1958-64. Employment in medical and other
health services establishments increased by two-
fifths, from nearly 1.5 million to 2.1 million, be-
tween 1958 64 and 1964.

In 1964, more than two-thipds of the workers in
medical and other health services establishments
were employed in hospitals. The remaining work-
ers were employed in establishments (other than
hospitals) that provided medical services, such as
medical and dental laboratories ; sanatoria, con-
valescent homes, and rest homes ; offices of doctors,
dentists, and optometrists ; and associations pro-
viding medical or other health services to their
members.

Between 1958 and 19642 employment increased
most rapidly (46 percent) in establishments (other
than hospitals) that provide medical and health
services. Factors affecting this growth were : (1)
expanding population, including increasing pro-
portions of very young and very old people who
most need medical care ; (2) increasing expendi-
tures for medicid care ; (3) expanding medical
services resulting from new medical techniques
and drugs ; (4) increasing interest in preventive
medicine and the rehabilitation of the handi-
capped; (5) expanding medical research on the
causes and prevention of physical and mental dis-
eases ; and (6) the extension of medical insurance
plans. Employment in hospitals increased about
38 percent d.uring the 1958-64 period, stimulated
by such factors as a rise in the number of hospi-
tal beds and admissions ; the rapid extension of
hospital insurance programs ; advances in medi-
cal technology -in hospitals; and expansion in
the range and volume of services provided by
hospitals.

1964-75. Manpower requirements in this major
industry group are expected to rise by more than

6 4 BLS employment (payroll) data are not available for this
major industry group prior to 1958.

-

one-half between 1964 and 1975. The require-
ments will be stimulated by the same factors as in
the recent past. In addition, the new Medicare
program, provided by the Social Security Amend-
ments of 1965, will enable more persons to receive
medical care in hospitals and nursing homes. Ad-
ditional workers will be required to staff the newly
created community mental health centers currently
being built under the Mental Retardation Facili-
ties and Community Mental Health Centers Con-
struction Act of 1963. Health workers will be
needed to help staff the regional health centers
as provided by the Heart Disease, Cancer, and
Stroke Amendments of 1965. Increasing expen-
ditures on medical research also will stimulate
employment, 13articularly of professional and
technical workers.

Worker requirements in hospitals are expected
to increase by about half between 1964 and 1975.
Increasing numbers of hospital workers will be
required to operate new and improved instruments
and deviccs such as complex X-ray equipment,
blood plasma equipment, artificial lioidneys, and
artificial pacemakers for the human heart. In
addition, a continuing reduction in hours worked
would require additional workers to maintain 24-
hour hospital care. On the other hand, certain
new developments in medical treatment, such as
the use of antibiotics, will reduce the need for
hospitalization or shorten the length of a patient's
stay in a hospital. Because these treatment de-
velopments may lessen the amount of services pro-
vided per hospital patient, they may tend to offset,
to some degree, the greater emphasis on worker
requirements resulting from technological change.

Effects of Technological Developments on
Future Employment

Medical progress is expected to result in new
occupations and the need for additional medical
and health workers. However, it may also lead
to a reduced need for certain types of workers.
More medical technologists, medical X-ray tech-
nicians, and similar types of workers are expected
to be needed to help operate new complex medical
electronic devices such as electronic computer sys-
tems that automate blood testing, electronic flow-
meters regulating the flow of human blood during
heart-lung operations, physiological monitoring
equipment, and electronic microscopes, as well 98
other complex nonelectric equipment, such as hy-
perbaric pressure chambers. Growing numbers of
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workers also will be needed to help apply new and
improved techniques, such a.s transplanting organs
and performing surgery b7 laser beams. Data
processing, which is reducing the need for such
workers as bookkeepers, business machine opera-
tors, and cashiers, is, however, increasing the need
for workers to operate and maintain computers
and related equipment.

Computers also are being used on an experimen-
tal basis for diagnosis, patient care, and medical
research in a few hospitals. A recently developed
computerized system that stores and retrieves med-
ical mformation could help alleviate shortages of
medical record librarians. The growing use of
disposable plastic and paper sur.gical gloves, caps,
masks, hypodermic needles, and other hospital
items is expected to reduce the need for workers

200-754-00vol. 1-9
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who perform laundry and sterilization duties.
Furthermore, new hospitals will increasingly in-
corporate laborsaving_ innovations, such as a new
tray-assembly line that reduces the need for cer-
tain types of ldtchen workers.

Other technological developments in the medical
services industries are expected to require increas-
ing numbers of workers for various purposes.
More pharmaceutical workers will be needed to
dispense newly discovered drugs such as anti-
blood-clotting agents, drugs that lower elevated
blood pressure levels, and new psychoactive drugs
administered to mental patients. Also growing
numbers of physical therapists and occupational
therapists will lae needed to apply new technigues
and devices to help patients regain physical,
mental, or emotional stability.
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Educational Services (SIC 82)

Summary

Employment requirements in private educa-
tional services are expected to increase very rap-
idly between 1964 and 1975. Technological devel-
opments are not expected to affect employment
growth significantly through the mid-1970's.

Employment Trends

19 59-64. Employment in private schools, colleges
and other educational services increased from 748,-
000 in March 1959, to 909,000 in March 1964, an
increase of 22 percent.°

In 1964, nearly three-fifths of the workers in
this activity worked in private colleges, universi-
ties, professional schools, and jumor colleges.
About a third of the workers were employed in

BLS employment (payroll) data for this major industry
EU. are not available for the years prior to 1959 (benehmarlc

Employment
(in 0001 s)

March 19 59
March 1960
March 1961
March 1962
March 1963
March 1964

Ar

748
N. A. 140
784
8 26
864 120
909

private elementary and secondary schools. The
remaining workers were in libraries, correspond-
ence and vocational schools, and specialized non-
degree-granting schools such as dancing schools.

Between 1959 and 1964, employment in the pri-
vate elementary and secondary schools and in the
private colleges and universities, professional
schools and junior colleges each increased about
22 percent. Employment increased only half as
fast in the remaming educational establishments
in this major industry group during the same
period.

The growth in employment was the result of
increasing population of school-age individuals.
The high birth rates of the 1940's brought un-
precedented increases in elementary school enroll-
ments in the early 1950's. By the mid-1950's,
these children were beginning to enter high
schools, and in the early 1960's colleges were
feeling the full force of this impact. Further-

EMPLOYMENT AND ENROLLMENT IN EDUCATIONAL SERVICES,
1954-64

INDEX 1959=100

160

1 00

S 0

6 0

40

20

0
1947 '49 '51 '53 '55 57 59

ENROLLMENT -..A.,.. -
I

k
EMPLOYMENT

. '

I I I I I I I I I

'61 '63 '65
Sources: Employment, Bureau of Labor Statistics; enrol!ment, U.S. Office of Education.



MANPOWER REQUIREMENTS-1 9 6 4-7 5

more, the proportion of young people of high
school age and college age who attend school has
been increasing.

196.4-76. Manpower requirements in private edu-
cational services are expected to rise by slightly
more than 50 percent between 1964 and. 1975, to
about 1.4 million.

This significant increase in employment will be
needed to meet the anticipated large growth in
school enrollments resulting from tlae continued
rise in the school-age population and the increas-
ing proportion of young people of high school and
college age who will be attending school. More
young people are completing high school and go-
ing to college because of the rising_ educational
requirements for work in our rapidly changing
economy. The expected greater availability of
scholarships and loans may also be a stimulus to
increased enrollments in private schools. More-
over, the minimum age at which young people may
leave school may be raised in. some States. The
anticipated continued rise in family income and,
therefore, the ability to pay for education, is
another factor that is anticipated to stimulate en-
rollments in private educational institutions.

Effects of Technological De-elopments on
Future Employment

Technological developments are expected to af-
fect the number and characteristics of jobs in edu-
cation through the mid-1970's.

Technological innovations in the field of educa-
tion have been primarily in the form of instruc-

1-123

tional television and teaching machines. Instruc-
tional television is used in mass instruction
through motion pictures and television. It has
two broad categories of progrluns : (1) cultural
and informational programs aimed primarily at
adult audiences, (2) televised lessons that are part
of a school or college curricuhun. Many schools
are already using educational television despite
differences of opinion over its value.

Teaching machines, designed to present infor-
mation mechanically and to test student responses
to the materials covered: are also being considered
for use as a teaching aid. In 1968, about 6 mil-
lion public and private elementary and secondary
school students used some type of programmed.
instruction. This was considerably higher than
the 8 million of the previous year and 250,000 of
just 6 years ago.

Although educational television and teaching
machines are expected to be used increasingly, it is
unlikely that they will significantly affect employ-
ment requirements for teachers. Experience of
the past few years suggests that they are not being
used as teacher substitutes. It is hoped by edu-
cators that increased use of these teaching aids
along with clerical help and teacher aides will free
the teachers from much routine work. However,
greater use of these technological innovations will
increase employment requirements for profession-
ally and technically trained individuals to develop
instructional materials and.programs:

The growth of clerical worker regmrements will
be slowed somewhat by the increasing use of com-
puters and other data processing equipment.



Government Employment (SIC Division I)
million in 1947 to 9.6 million in 1964. This rate
of growth was much faster than the growth of
total nonagricultural employment over the same
period.

In 1964, nearly three-fifths of all government
employment was in local goverment; about one-
fourth in Federal Government; and the remainder
in State government.

Growth in government employment in recent
years, especially at 66 State and local levels, has
been stimulated primarily by the rapid growth in
population, the increasing proportions of the older

Summary

Employment requirements in government are
expected to increase at a somewhat faster rate in
the next decade than between 1947 and 1964,
mainly because of the services required by a rising
population. State and local govermnent employ-
ment is expected to increase rapidly and Federal
Government employment only slowly. Techno-
logical change is expected to moderate employment
growth.

Employment Trends

1947-64. Total government employment increased
about 75 percent between 1947 and 1964, from 5.5

Employment
(in 0001 s)

1947
1948
1949
19 50
19 51
19 52
19 53
19 54
1955
19 56
1957
19 58
1959
1960
1961
1962
1963
1964
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5, 474
5, 650
5, 856
6, 026
6, 389
6, 609
6, 645
6, 751
6, 914
7, 277
7, 616
7, 839
8, 083
8, 353
8, 594
8, 890
9, 225
9, 595

e "Trends and Outlook for Employment in Government,"
Monthly Labor Review, March 1965.
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and very young people in the population, and the
growing demand for more, and better, services.

Over the 1955-64 period, the greatest increase
in government employment has been at the State
level (59 percent).'" This increase was due pri-
marily to the very rapid growth in employment
in educational activities. State employment in
educational activities nearly doubled between 1955
and 1964. Rapid growth also occurred in local
government employment (52 percent) where edu-
cational needs also provided th.e major impetus to
employment growth. The rate of increase in State
and local government employment in functions
other than education resulted from a growLs, in-
creasingly urban population and the need to ex-
pand publil health, sanitation, welfare, and pro-
tective services.

Federal Government employment increased by
nearly one-fourth between 1947 and 1964. Most of
the growth in civilian employment between 1947
and 1955 was occasioned by the country's military
commitments. Defense Department employment
increased by nearly 50 percent. Since 1955, De-
fense Department employment has decreased
slightly, and growth in Federal Government civil-
ian employment in recent years has been due to
the creation of new agencies and _programs, such
as the National Aeronautics and Space Adminis-
tration, and the expanding functions of established
agencies.

67 BLS employment (payroll) data are not available separately
by State or local government for the years prior to 1955.
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1964-75. Manpower requirements in government,
primarily State and local, are expected to increase
rapidly through the mid-1970's. By 1975, total
employment requirements should be more than 50
percent above the 1964 level, more than twice the
rate of growth projected for total nonagricultural
employment requirements. As in recent years,
State and local government will account for nearly
all of this employment increase. The continuing
rapid rise in population and the resultant increased
demand for services is expected to result in sizable
growth in employment in all major State and local
government fiinctions, including education, health
and hospital care, sanitation, welfare, and protec-
tive services. Federal employment is expected to
increase slightly through the mid-1970's, barring
major increases in our military commitments.
Most of the antic:pated increase is expected to re-
sult from growth in nondefense programs.

Effects of Technological Developments on
Future Employment

Technological developments such as automatic
data processing, quick copy devices, data transmis-
sion and communications networks, and materials-
handling equipment, are expected to have some
impact on the number and characteristics of gov-
ernment employees. The primary impact is ex-
pected to be on employment in the Federal Gov-
ernment where centralization of functions lend
themselves to wider use of these developments.

Federal Government (SIC 91)

Summary

Employment requirements in the Federal Gov-
ernment are expected to increase slightly through
1975. Growth in employment requirements will
be limited to some degree by the expanding use
of electronic data processing equipment, copying
devices, and other laborsaving equipment.

Employment Trends

1947-64. Employment in the Federal Government
increased from 1.9 million in 1947 to 2.3 million
in 1964, an increase of about 24 percent.

In 1964, nearly 99 percent of all Federal civilian
workers were employed in the executive branch
of the Government. The legislative and judicial
branches accounted for the remainder. This dis-
tribution of employment among the three branches
of Federal Government has remained relatively
unchanged during the post-World War II period.

Growth in total Federal civilian employment
has resulted, in large part, from the growth of
the Nation's military commitments. Employment

3

in the Department of Defense, which accounted
for two-fifths of total Federal civilian employment
in 1964, increased 36 percent over the 1947-64
period. Most of this mcrease occurred between
1947 and the end of the Korean crisis. Since 1953,
employment in this agency has declined by about
17 percent.

Post Office Department employment, which rep-
resented about 26 percent of all Federal civilian
employment in 1964, increased by 28 percent be-
tween 1947 and 1964, as the total volume of mail
handled increased by nearly 90 percent. Employ-
ment in this agency has remaineol relatively stable
since 1961 due to the increasing mechanization of
mail-handling equipment, the elimination of Sat-
urday parcel post delivery service, and the de-
crease in the total number of post offices.

Federal civilian employment, other than that
represented by the Department of Defense and
the Post Office Department, rose by 11 percent be-
tween 1947 and 1964, as a result of the creation of
new agencies and programs, and expansion of ac-
tivities in existing agencies. Factors that have
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1947
1948
1949
1950
195 1
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1953
1954
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1959
1960
196 1
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contributed to this relatively slow growth include
the drive for greater economy and efficiency ; the
provision for State and local government imple-
mentation of many recent programs provided by
Federal legislation ; the trend toward contracting-
out to private organizations functions ranging
from research and-development to janitorial serv-
ices; and the greatly expanding use of automatic
data processing and other highly mechanized
equipment.

7964-75. Employment requirements in the Fed-
eral Government are expected to increase by about
7 percent between 1964 and 1975, to 2.5 million.

Employment requirements in the various sec-
tors of Government are expected to differ widely.
Barring a major increase in military commit-
ments, employment in the Defense Department
is expected to decline slightly. Some of this
decrease is expected to result from the growing
use of automatic data processing equipment, ma-

terials handling systems, data transmission and
communications networks, and improved cost
control techniques.

Employment requirements in other cgencies are
expected to increase moderately. Additional
manpower may be needed to implement recent
legislation in such areas as medical care, civil
rights, education and training, urban develop-
ment, and transportation. Federal activity in the
area of space research and technology should also
increase the need for professional and technical
workers in this area of specialization.

Effects of Technological Developments on
Future Employment

Technological developments are expected to
continue to affect the number and characteristics
of Federal Government jobs through the mid-
1970's. The more widespread use of laborsaving
technological innovations should increase output
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per worker. For example, the application of com-
puters to a wider variety of routme clerical tasks,
such as tax-return processing, accounting, payroll
preparation, check clisbursing, and inventory con-
trol, will continue to adversely affect the need for
clerical employees in these areas. The rapidly
increasing use of quick-copy equipment will limit
the requirements for typists. The extension and
improvement of communica.ions systems should
reduce the need for telephone operators, as well as
typists and other clerical personnel. In addition,
the growing use of improved materials handling
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equipment will continue to reduce the need for
laborers.

Labor savings resulting from the increasing
application of computers, and other automatic
and mechanical devices to Federal Government op-
erations are expected to be partially offset by the
need for programers, computer operators, and
machine monitors. In addition, the increasing
application of data processing equipment to scien-
tific research in the fields of aerospace and atomic
energy is expected to result in an increased need
for scientists, engineers, and engineering aids in
research and development activities.



State Government (SIC 92)
proximately 1.9 million in 1964a gain of 59
percent.

In 1964, educational functions accounted for
approximately a third of all State government
employment ; hospitals, 21 percent ; and highways,
17 percent. The remaining 30 percent was rather
widely dispersed among other State government
functions.

Between 1955 and 1964, employment in educa-
tional functions of State governments increased
almost 98 percent, from 308,000 in 1955 to about
609,000 in 1964. Historically, the major portion
of employment in State educational functions has
been concentrated in institutions of higher educa-

Summary

Employment requirements in State government
are expected to almost double between 1964 and
1975. Although automatic data processing will
be increasingly used, it is not expected to be a sig-
nificant factor in limiting growth in State govern-
ment employment requirements through the
mid-1970's.

Employment Trends

1956-64. Employment in State governments in-
creased from about 1.2 million in 1955 66 to ap-

ELS employment (payroll) data are not available for State
government for the years prior to 1955.

Employment
(in 0001s)

1955
1956
1957

1,168
1, 250
1,328

1958 1, 415
1959 1, 484
1960 1, 536
1961 1, 607
1962 1, 668
1963 1, 747
1964 1,856
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ticm." Employment in these institutions in-
creased by 98 percent, during the same period, re-
flecting rising student enrollments.

Despite the increasing application of automatic
data processing equipment, employment in State
agencies dealing with financial and general ad-
ministrative functions increased 44 percent be-
tween 1955 and 1964, as the expanding population
made greater demands on these government
functions.

1964-75. Employment requirements of State gov-
ernments are expected to almost double (nearly
95 percent) between 1964 and 1975growing con-
siderably faster than during the 1955-64 period.
The projected employment increase will result
primarily from the need to expand existing serv-
ices to meet the needs of a rapidly growing
population, especially educational services. In
addition, recently enacted Federal legislation, such

to S Department of Commerce, Bureau of the Census, Annual
Reports on State Distribution of Public Employment.
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as the Economic Opportunity Act, that provides
for State implementation of Federal programs is
expected to result in increased employment at the
State level.

Effects of Technological Developments on
Future Employment

Technological developments are not expected to
have a significant effect on employment require-
ments in State government through the mid-1970's.
However, the growing use of automatic data proc-
essing equipment for an ever increasing number
of functions is expected to affect the occupational
characteristics of many jobs in State government.
Although fewer routine clerical workers will be
needed for such activities as checking, posting,
and maintaining records, the increasmg use of
automatic data processing equipment for more
sophisticated purposes is expected to result in an
increased need for management analysts and op-
erators of this equipment.

Local Government (SIC 93)

Summary

Employment requirements at the local govern-
ment level are expected to continue to increase
rapidly through the mid-1970's. Because of the
personal nature of many local government serv-
ices, technological change is not expected to be a
significant factor in limiting employment growth.

Employment Trends

1955-64. Employment in local government func-
tions increased from about 3.6 million in 1955 7
tO 5.4 million in 1964, a growth of about 50 percent.
Employment in educational functions, which ac-
counted for over half of all local government
employment in 19649increased by more than 60
percentfrom 1.8 million to 2.9 million. This
category included administrative, clerical, profes-
sional and custodial staffs of elementary and sec-
ondary schools, technical and trade schools, junior
colleges and colleges under the jurisdiction of
municipalities, towns, counties, or special school
districts. Although automatic teaching devices,
such as instructional radio and television, and
programed teaching materials designed to present
information mechanically and to test the pupils'
grasp of the materials presented, were beg-inning
to be used, they have hasi no appreciable effect on
employment growth in local educational functions
in recent years.

To BLS employment (payroll) data are not available for local
government for the years prior to 1955.

206-754-66-- vol. 1-10

Total employment in local government functions
other than education increased by aptox

iimately41 percent between 1955 and 1964. T s ncrease
resulted primarily from the rapid growth in total
population. Also, the increathng concentration of
the population in urban and suburban areas in-
creased the need for additional utility services;
police and fire protection; additional streets and
highways; sewerage and other sanitary services,
public housing, correctional services, and health
and welfare services, etc.

The growing proportions of elderly and very
young persons m the population contributed to the
expansion of employment in health and welfare
and recreation services. Between 1955 and 1964,
employment increased 60 percent in public welfare
and hospital services and. 70 percent in employ-
ment related to parks and public recreation. Em-
ployment in administrative and financial func-
tions, however, increased only 3 percent reflecting
the growing application of automatic data proc-
essing equipment in these areas, where it reduces
the need for employees in such repetitive clerical
tasks as posting, checking, and maintaining
records.

1964-75. Employment requirements at the local
government level are expected to continue to in-
crease rapidly. By 1975, employment needs at
this government level are expected to exceed 8.6
million, nearly two-thirds higher than the 5.3 mil-
lion employed in 1964. The average annual rate
of growth implied by the projectionabout 4.6
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Emplayrne nt
(in 0001 s)

1955
1956
1957
1958
1959
1960
1961
1962
1963
1964

3, 558
3, 819
4, 071
4, 232
4,366
4, 547
4, 708
4, 881
5,121
5,392
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percent a yearis in line with the 1955-64 trend,
and over two times as hst as total projected non-
agricultural employment. As in the past, employ-
ment increases m local government are expected
to result primarily from population growth.

Anticipated expansion of the economy and in-
creasingly high levels of income will generate de-
mands for such services as airports, parks, and
recreation areas, and additional educational serv-
ices. Employment in public educational functions
is expected to increase over 40 percent. However,
as a proportion of total local government employ-
ment, this category is expected to decrease some-
what as the rate of increase in the number of
school-age persons in the population slows down.

Effects of Technological Developments on
Future Employment

Major technological changes expected to affect
employment in local government functions include

'59 '61 '63 '65

the increasing use of automatic data processing
equipment. Many local government agencies have
used this equipment for some time to perform
repetitive clerical tasks, such as payroll prepara-
tion and tax billing. More recently, however,
there has been a trend toward the use of computer
systems to provide factual information for use in
planning, evaluation, and control of government
programs. The increasing use of electronic data
processing equipment for more sophisticated func-
tions should boost employment requirements for
computer operating personnel.

Additional technological changes, primarily in
relation to the educational functions of govern-
ment, are the use of instructional radio and tele-
vision, and programed teaching materials.
Instructional television, including cultural and
informational programs, and televised lessons is
being introduced into the curricula of element:try
and secondary schools, as well as colleges.
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Programed teaching materials, designed to
present information mechanically, and to test the
student's grasp of the materials presented, are in-
creasing in use. In 1963, about 6 million public
and private elementary and secondary school stu-
dents used some type of programed instruction
a 200 percent increase over the number of students
using such equipment in 1957. However, the in-
troduction of these automatic teaching devices is
not expected to decrease the number of teachers
through the mid-1970's.

Because of the increasingly high enrollments at
all levels, the size of classes in many schools is too
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large to permit satisfactory instruction of pupils,
and additional teachers will continue to be needed
to reduce pupil-teacher ratios. The growing use
of instructional television and programed teaching
materials will provide some additional employ-
ment opportunities for some professional and tech-
nical workers. For example, the use of televised
programs will require additional staff to do the re-
search and othcr program preparation. In addi-
tion, some technical personnel will be required
to operate and maintain the broadcasting equip-
ment.



Statistical Note: Impact of Alternative Unemployment Assumptions
on Projected Industry Requirements

The projections developed for this report assume
a national unemployment rate of 3 percent in
1975. Different assumptions concerning the level
of unemployment in 1975 could have been made.
For example, for some purposes it might be use-
ful to explore the implications of assummg a some-
what higher level of unemployment, say, 3.5 or 4
percent. For the whole economy, such a difference
would merely equal the difference between a situ-
ation in which 97 percent of the labor force is
employed and one in which either 96.5 or 96 per-
cent ].s employed. Of course, changes in the rate
of unemployment also have some effect on the size
of the labor force.71 However, the impact of
higher unemployment assumptions would be
greater for gome mdustries than for others.

In order to evaluate the effects of alternative as-
sumptions about unemployment, analysis of past
periods was undertaken using correlation tech-
niques. The analysis covered the impact of chang-
ing national unemployment rates on employment
at various levels of industry detail. Overall, the
analysis indicates the difference in projected em-
ployment in 1975 based on an unemployment as-
sumption of 3 percent, compared with one of 4
percent, would be somewhat more than 1 million,
including the effects of the lower unemployment
rate on the size of the labor force. The analysis
further indicates that more than half of any dif-
ference in total employment in 1975 resulting from
a 1-percent lower unemployment assumption would
be in manufacturing. Other industry groups that
would account for significant proportions are
trade, transportation and public utilities, and con-
tract construction. Services, government, mining,
and farming combined would account for less than
a fifth.

Another indication of the impact of a different
unemployment assumption may be obtained from
an examination of the effects of alternative as-
sumptions on projected levels of employment re-
quirements by industry. For example, an assump-
tion of 4 percent rather than 3 percent would
lower projected manufacturing employment re-
quirements by about 3.5 percent in f975. An as-
sumed national unemployment rate of 4 percent
would have resulted in projected employment
in trade being about 1 percent lower than at 3
percent, although the decline in trade would ac-
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count for more than 10 percent of the total reduc-
tion in employment. In addition to raanufac-
turing, employment requirements in contract
construction, mining and transportation and pub-
lic utilities would be more than 2 percent lower,
if the unemployment assumption were raised a
percentage point.

A number of cautions should be kept in mind in
considering these relationships. For example, it
should be kept in mind that the relationships ap-
plied to 1975 are based on experience in the
post-World War Ii period when annual unem-
ployment ranged from 2.9 percent to 6.8 percent
of the civilian labor force. Excluding the 'Korean
conflict period, unemployment did not fall much
below 4.0 percent during this period. Using
post-World War II relationships 'between unem-
ployment and employment assumes that they
would hold in a hypothetical situation not experi-
enced since World 'War II (excluding Korean con- ,

flict years). The analysis is therefore most mean-
ingful when used for evaluating the employment
impact of changes in the unemployment rate at
levels higher than 3 and 4 percent. There is, of
course, more than one way national unemployment
could be reduced. For example, it could be
achieved through increasing government employ-
ment ; through increasing aggregate demand ;
through structural programs, including education,
retraining, and efforts to increase geographical mo-
bility, or a combination of these. In this report no
explicit assumptions were made concerning modifi-
cations of Government progrrams that might sub-
stantially affect the distril3ution of employment
beyond the kind and magnitude of those that oc-
curred during the historical period, such as the
Neighborhood Youth CoT. 71a

It should also be pointe out that the change in
employment resulting from a reduction of the un-
employment rate reflects primarily cyclical ex-
perience and will differ from long-run secular
trends in the economy. It is these latter trends
that are the major focus of the body of this report.

71 See, Sophia Cooper and Dennis P. Johnston, "Labor Force
Projections for 1970-80," Monthly Labor Review, February 1965.

71a Another approach to estimating the distribution of employ-
ment under alternative assumptions regarding the rate of unem-
ployment, structure of demand, and level of output is used by the
Bureau's Division of Economic Growth as part of the Inter-
agency Growth Study Project. The projections developed by the
Division of Economic Growth make explicit assumptions about
specialized Government programs that may be expended in the
course of reducing unemployment from 4 to 8 percent. Their
report is expected to be released in the spring of 1966.



PART III. PROJECTIONS OF OCCUPATIONAL REQUIREMENTS
IN 1975

Part III presents projections of occupational
employment requirements in 1975 developed under
the assumptions and using the method.ology de-
scribed in 13art I. Like the industry projections
presented earlier, the occupational projections pre-
sented here assume an unemployment rate of 3
percent in that year.

Projections to 1975 and accompanying materials
are presented for the nine broad occupational
groupsprofewional, technical, and lindrod
workers ; managers, officials? and proprietors (ex-
cept farm) clerical and kindred workers; sales
workers ; craftsmen, foremen and kindred
workers ; operatives and kindred workers ; laborers
(except farm and mine) ; service workers,.
and farmers and farm workersand for a selected
list of 28 detailed occupations. Statements on
each occupation include discussions of past and
projected manpower trends and a description of
the factors expected to influence future require-
ments. The final section of each statement
presents a more detailed description of the impact
of technological changes on the occupation.

It should again be noted that the occupational
projections which follow reflect requirements for
workers in 1975 under the predicated assumptions,
and are not meant to represent actual employment
levels in 1975. Actual employment levels, of
course, reflect the interaction of demand and
supply. Since no attempt was made to assess the
availal3le supply for these occupations, the pro-
jected numbers must be viewed as representhig
needs and not employment.

Occupational Manpower Requirements in 1975

Significant changes have taken place and can be
expected to continue to take place in the occupa-
tional structure of the U.S. labor force. One of
the important changes of the post-World War II
period has been the much greater growth in the
number of workers in white-collar and service oc-
cupations as compared with manual workers, and
especially the very large increase in the number
awl proportion of professional and high-level
managerial workers. Employment of white-
collar workers rose by more than one-half (54 per-
cent) between 1947 and 1964, rising from less than
20.2 million to more than 31.1 million. Employ-
ment of service workers also rose substantially,

growing from 6.0 million to 9.3 million, an in-
crease of 55 percent. At the same time, employ-
ment of blue-collar workers increased much less
rapidly, increasing about 8 percent, from 23.6 mil-
lion to 25.5 million. The number of farm workers
actually declined, falling from 8.1 million in 1947
to 4.4 million in 1964, a drop of 45 percent. (A
more detailed discussion of employment trends in
each of the broad occupational groups appears
later in Part III.)

There are many factors which influence the oc-
cupational structure of the workforce. One of
these major factors is technological change. Each
industry has its own occupational pattern, and this
occupational pattern has been and will continue
to be heavily affected by new products and proc-
esses, increases in the sizes of plants, type of busi-
ness organization, and other technological devel-
opments. A very important factor in the changes
m the occupational structure of the economy is
different rates of employment growth among in-
dustries, resulting from such influences as shifts
in the distribution of income and changing pat-
terns of consumption. The effect of the industry
requirements (presented in Part II of this report)
upon occupational needs was calculated through
the use of the Bureau's occupation-industry
matrix. Many other factors also affect the occupa-
tional structure, including growth in population
and its changing age distribution ; government
policyrelating, for example, to the size of the
defense and space programs, and to expenditures
for research and development ; institutional fac-
tors, such as 'anion-management relationships and
practices, as in the case of the railroad industry ;
and the relative supply of persons in different oc-
cupations and the substitution effect resulting
from a shortage in one occupation and replacement
by members of another, such as techmcians for
engineers. (A more comprehensive discussion of
the factors influencing occupational employment
appears in Part IV.)

Taking into account these diverse factors, the
projections developed for this report indicate an
increase of nearly_ two-fifths for white-collar jobs.
Among white-collar occupations, the most rapid
increase in rquirements will be for professional
and technical workers, which may grow twice as
rapidly (54 percent) as the average for all work-
ers. Requirements for clerical workers tlre also
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expected to increase rapidly, rising by nearly two-
fifths, and sales workers, by nearly one-third.
The demand for managers and officials is expected
to rise somewhat more slowly, increasing less than
one-fourth between 1964 and 1975.

Requirements for blue-collar workers are ex-
pected to rise by one-sixth between 1961 and 1975.
Among the blue-collar workers the most rapid
increase in requirements will be, for craftsmen a
rise of somewhat more than one-fourth, or abOut
the average rate of increase for total employment
as a whole. Requirements for operatives will in-
crease more slowly, by about a seventh, and little

ichange is expected n the demand for laborers.
A more than one-fifth decline in requirements is

anticipated for farmers and farm workers.
As a result Jf these differential rates of growth,

the occupational composition of the Nation s em-
ployment will be different in 1975 than it was in
1964. The major changes will be in the propor-
tions of professional and technical workers serv-
ice workers, and clerical workers, all of whiCh are
expected to rise significantly, and in the propor-
tions of farm workers operatives, and nonfarm
laborers, which will declme as a proportion of
total employment. The remaining occupational
groups will be roughly the same proportion in
1975 as they were in 1964.

The next sections of Part III describe in more
detail the trends and projections for the broad
occupational groups, and for the selected group of
detailed occupations. It should be noted that the
discussions of past employment trends in these oc-
cupations cover different periods of time. In the

case of the broad occupational groups and a few
occupations, data are available for many back
years from the Monthly Report on the Labor
Force. For other occupations, data are available
only from the decennial Census of Population and
are directly comparable only for 1950 and 1960 ;
for still others, the only past data available are em-
ployment estimates for recent years prepared by
the Bureau of Labor Statistics.

TABLE 2. MAJOR OCCUPATIONAL GROUPS OF WORKERS,
ACTUAL 1964 EMPLOYMENT AND PROJECTED 1975 REQUIRE-
MENTS

Illumber in thousands]

Occupational group il964Empoyment
Projected

1975
Requirements

Per-
cent

change,
1964-75

Num- Per- Num- Per-
ber cent bar cent

Total, All occupational
groups 70, 357 100. 0 88, 700 100. 0 26

White-collar workers 31, 125 44. 2 42, 800 48.3 38

Professional and technical 8, 550 12. 2 13, 200 14. 9 54
Magimrsrs, officials, and pro-

7, 452 10. 6 9, 200 10. 4 23
Cgrical workers 10, 667 15. 2 14, 600 16. 5 37
Sales workers 4, 456 6.3 5, 800 6. 5 30

Blue-collar workers 25, 534 36. 3 29, 900 33. 7 17

Craftamen and foremen 8, 986 12. 8 11, 400 12. 8 27
f)ilratives 12, 924 18. 4 14, 800 16. 7 15
Nonfarm laborers 3, 624 5. 2 3, 700 4.2 (1)

Service workers 9, 256 13. 2 12, 500 14. 1 35
Farm workers 4,444 6. 3 3, 500 3. 9 21

1 Less than 3 percent.
Nam; Projections assume a 3-percent level of unemployment in 1975.

Percents do not add to totals due to rounding.



Professional, Technical, and Kindred Workers

Employment Trends

Employment of professional, technical, and
kindred workers more than doubled between 1947
and 1964, rising from about 3.8 million to over
8.5 million. By 1975, manpower requirements for
professional, technical, and kindred workers are
expected to rise by more than one-half to 13.2 mil-
lion. Employment requirements in this occupa-
tional group are expected to continue to be stimu-
lated by a growing demand for goods and services
resulting from population growth and rising liv-
ing standards. 13ther factors that are expected to
stimulate employment requirements include in-
creases in government and private expenditures
for research and development, highways, public
buildings, medical care, education, and a great
variety of other goods and services. It is antici-
pated that manpower needs will increase in _prac-
tically every professional and technical fieldin-
cluding teaching, counseling, the natural sciences,
engineering, programing, the health professions,
the social sciences, and social and welfare work
but the rate of increase is likely to differ among
these occupational fields.

Teaching, the largest profession, is expected to
grow moderately to meet the needs of a rising
school-age population and an expected increase in
school attendance. The needs for elementary and
secondary school teachers are expected to increase
more slowly than for college and university
teachers.

In engineering and natural science occupations,
employment requirements are expected to increase
substantially by 1975. Increased requirements are
anticipated not only to meet the general needs of
our increasingly complex and technologically
oriented economy, but also as a result of the Na-
tion's expanding research and development and
technical assistance programs. Employment re-
quirements for scientists are expected to grow
faster than those for engineers.

Employment requirements for technicians are
expected to grow rapidly over the 1964-75 period.
The increasing emphasis on improved utilization
of _professional scientists, engineers, physicians,
and dentists, and the need to relieve these workers
of tasks that can be performed by less highly
*rained persons have been, and will continue to be,
a major factor underlying the increased require-
ments for technicians.

Employment requirements in health service oc-
cupations are also expected to increase substan-
tially. Among the factors underlying the ex-
pected increase are rising health itandards,
expansion of prepaid insurance plans, increasing
interest in preventive medicine and rehabilitation
of the hanAicapped, and an increase in medical
research on the causes and prevention of disease.

Effects of Technological Developments on
Future Employment

Technological developments will have a differ-
ent impact upon employment requirements in the
various professional, technical, and kindred
worker occupations. For some occupations, such
as programers, technological developments are
expected to increase employment requirements.
In other occupations,such as nurses and teachers,
technological mnovations may change the charac-
teristics of the job rather than significantly affect
employment in the field. In still others, such as
draftsmen_, technological change may hold down
the growth of the field.

Employment in teaching is not expected to be
affected swnificantly by changing technology.

iTechnological innovations, mainly n the form
of television for mass instruction, and teaching
machines designed to present information me-
chanically and to test student responses to the ma-
terials covered, are expected to be used increas-
ingly. These innovations most likely will not
replace teachers but rather will assist them
in improving teaching standards and in dealing
with larger-than-usual groups of students. In
fact, technological innovations in teaching may
actually provide additional employment oppor-
tunities for workers in other occupations, such as
writers, researchers, educational analysts, elec-
tronic technicians computer programers, and
broadcast engineers.

In engineering and the natural sciences, techno-
logical 'progress is expected to create many new
areas of work for scientists and engineers, thus
helping to bring about much of the anticipated in-
crease in manpower requirements. The increas-
ingly complex and rapidly changing technology of
industry, exemplified by numerically controlled
machine tools and other automated machinery, will
create a need for many new engineers. However,
other new technological developments, including
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Employment
(in 000' s)

1947 3, 795
1948 3, 977
1949 4, 028
1950 4, 490
195 1 4, 788
1952 5, 092
1953 5, 448
1954 5, 588
1955 5, 792
1956 6, 096
1957 6, 468
1958 6, 96 1
1959 1,1 43
1960 7, 475
196 1 7, 705
1962 8, 040
1963 8, 263
1964 8, 550

EMPLOYMENT OF PROFESSIONAL, TECHNICAL,
AND KINDRED WORKERS, 1947-1964

INDEX (1957-59=100)
16 0

14 0

12 0

100

8 0

6 0

4 0

2 0

0

1947 49 '51 '53 '55

Source: Bureau of Labor Statistics

such laborsaving devices as desk computers, will
relieve scientists and engineers of some of their
routine tasks.

Technological advances in the economy as a
whole also are expected to affect favorably the
employment requirements for technicians. The
increasing complexity of industrial products, proc-
esses, and machinery will create a need for addi-
tional workers who have some basic scientific and
technical knowledge. The introduction of labor-
saving equipment will somewhat offset this overall
increase in needs in certain areas of work. For
example, new automatic laboratory equipment
may reduce the need for engineering, chemical, or
physics technicians who perform routine but time-
consuming laboratory tests. However, even the
impact of these machines may be offset to some
extent by the increased need for technicians to
operate, maintain, and repair them, as well as to
assist scientists and engineers in their development.

'57 59 '61 '63 '65

The anticipated rapid increase in requirements
for programers will continue to be largely created
by technological developments. As the fields of
application for computers increase with improved
and faster machines, growing numbers of program-
ers will be needed to perform such variefl assign-
ments as keeping inventories, controlling produc-
tion machinery in factories, making long-range
weather forecasts, and analyzing air traffic pat-
terns.

In the health field, the introduction of new tech-
nology is expected to result in the need for addi-
tional workers and in the creation of new oecupa-
tions. Technological developments are expected
to be most significant in hospitals, where more spe-
cialized medical technologists, medical X-ray tech-
nicians, medical and laboratory technicians, and
similar types of workers will be needed to help
operate new and complex medical electronic equip-
ment, such as devices that automate blood testing,
electronic flowmeters regulating the flow of blood



MANPOWER REQUIREMENTS-1 9 6 4-7 5

during heart-lung operations, physiological moni-
toring equipment, and electronic microscopes. In
most cases, the reason for the introduction of this
new equipment is to improve medical care, rather
than replace medical personnel. These technologi-
cal developments may, however, limit slightly the
growth in requirements for nursest who formerly
performed some of these functions, but, in general,
the major impact on nurses will be to relieve them
of routine tasks and permit them to spend more
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time in other types of work, thereby creating a
change in the nature of their work more than
affecting their employment requirements.

The following illustrative statements cover the
employment ti.ends and impact of technology for
these occupations within the professional, techni-
cal, and kindred worker group : accountants, chem-
ists, draftsmen, engineers, engineering and science
technicians, physicians, registered professional
nurses, and teachers.

Accountants

Employment Trends

Employment of accountants is estimated to have
increased from 304,000 in 1950 to 440,000 in 1964.
This increase resulted from a number of factors,
including (1) greater use of accounting informa-
tion in business management ; (2) complex and
changing tax systems; (3) growth in size and
number of businesses ; (4) increasing use of ac-
counting services by small lmsinesses; and (5) im-
proved internal management of expanding gov-
ermnent affairs.

An estimated one-third of all accountants work
in independent accounting firms as proprietors,
Rartners, or employees,. about 10 pement work for
Federal, State, or local _government agencies; and
the remainder are employees of business and in-
dustrial firms other than independent accounting
firms.

Employment requirements for accountants are
expected to rise by over 30 percent between 1964
ancl 1975, to about 565,000. The projected increase
in requirements for accountants is based upon a
continuation of the factors operating in the past.
In addition, several new developments are expected
to stimulate the demand fin- these workers. For
example, growth of the number and activities of
nonprofit institutionscharitable, health, and wel-
fare organizations; pension and welfare funds;
labor unions; educational institutions; churches;

and clubsmay result in more financial reporting
and the need for more accountants. Also, foreign
investment and trade are expected to expand, pro-
viding additional employment requirements for
accountants.

Effects of Technological Developments on
Future Employment

The computer is expected to have a major ef-
fect on the accounting profession. Electronic data
processing systems are expected to be used more
and more, and manual bookkeeping and the man-
ual preparation of trial balances, financial state-
ments, end simple tax returns may be reduced.
Computers can do this work faster and cheaper
than people, and, as a result, the need for junior
accounts who do lower level accounting work may
be reduced or eliminated. On the other hand,
computers provide vast quantities of data on re-
ceivables, sales, inventory, operating ratios, etc.,
which will require additional accountants to
analyze. In larger companies, the computer is ex-
pected to bring about radical changes in informa-
tion systems and decisiomnaking processes. As
the number of "total" information systems rise,
additional highly trained accountants will be
required to prepare, administer, and analyze the
output of these systems.

Chemists

Employment Trends

Employment of chemists increased from an
estimated 75,000 in 1950 to about 120,000 in 1964.
One of the major factors underlying this rapid
increase was the sharp growth in demand for
products of industries that employ large numbers
of chemists, particularly the chemicals and related
products industry. (See statement on chemicals
mdustry in Part II.) Increases in expenditures

200-754-8e--vol. I-11

for research and development, in which nearly
one-half of all chemists work, was another major
factor in the employment growth of chemists. In
addition, scientific discoveries in chemistry and
other sciences opened whole new areas of
employment for these workers, including plastics,
rocket fuels, and a whole host of drugs and
pharmaceuticals.

Chemistry is the largest natural science occupa-
tion, making up almost one-third of the total.
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Approximately three-fourths of all chemists were
employed by private industry in 1964. The
major industrial employer is the chemical manu-
facturing industry, which employs more than two-
fifths of all chemists in private industry. Other
manufacturing industries employing relatively
large numbers of chemists are food, petroleum,
electrical equipment, paper, and primary metals.

Significant numbers of chemists also are em-
ployed in wholesale and retail trade, by distribu-
tors of chemical, food, and petroleum products.
Another relatively large group is employed by
independent laboratories and research institutes
providing consulting services.

Many chemists are employed in colleges and
universities. Although most of these chemists
teach, some work full or part time in research and
development activities. Sizable numbers of chem-
ists are employed by the government, primarily
Federal Government agencies.

Employment requirements for chemists are ex-
pected to rise by more than three-fifths between
1964 and 1975, from 12021300 to nearly 200,000.
Underlying the anticipated increase in the demand
for chemists will be continued growth in expendi-
tures for research and development. Such ex .
penditures have increased very rapidly in recent
years, and it is likely that they will continue to
rise through the mid-1970's, although less rapidly
than in the past decade. The growth in research
and development expenditures is expected to result
not only in the expansion of existing fields of
work, but also in the creation of new types of work.
For example, the discovery of new synthetic mate-
rials (such as aciylic fibers) has created a demand
for chemists to d.evelop uses for the new material.
Other important factors underlying the expected
increase in employment requirements for chemists
include the growing demand for the products of

industries that are major employers of chemists,
especially for such products as plastics, synthetic
fibers, drugs, fertilizers, and high energy fuels for
missiles and rockets ; the growmg complexity of
chemical products and the processes required to
produce them , and the increased demands of a
growing population for improved products such
as better drugs.

Effects of Technological Developments on
Future Employment

The development of laborsaving laboratory ap-
paratus will tend to limit growth in employment
requirements for chemists who do routine analysis
and testing. For example, hydrocarbons can now
be analyzed at high speeds through the use of gas
chromotographs; and the amount of heat in a sub-
stance can be measured automatically by calorim-
eters. These instruments not only reduce the
possibility of human error, but also produce re-
sults in a much shorter length of time. The major
effect of such new equipment will be to free the
chemist from routine testing, allowing him to de-
vote more time to complex research and develop-
ment work.

On the other hand, technological advancements
both in the field of chemistry and in the economy
as a whole will be a major factor contributing to
the overall increase in employment requirements
for chemists. Technological developments result-
ing from scientific advancements in such fields as
nuclear energy and space exploration will increase
the demand for chemists to develop new processes
and products. For example, recent advancements
in space exploration have created a need for chem-
ists to develop more powerful rocket fuels, space
foods, and waste disposal systems.

Draftsmen
The large majority of draftsmenabout 9 out

of 10are employed in private industry. The
manufacturing industries that employ the largest
numbers of draftsmen are the machinery, electri-
cal equipment, fabricated metal prod.ucts, and
transportation equipment industries. Nonmanu-
facturing industries employing large numbers of
draftsmen are engineering and 'architectural serv-
ices, and construction.

Employment requirements for draftsmen are
expected to increase by about two-fifths between
1964 and 1975, rising from 260:000 to about
375,000. However, this projected mcrease repre-
sents a significant slowing down of the rate of
increase of the past decade and a half.

Among the factors underlyino this projected
growth is the continued expansion of industries
employing large numbers of draftsmen. Require-

Employment Trends

Employment of draftsmen more than doubled
between 1950 and 1964, rising from about 125,000
to 260,000. The rapid growth in demand for the
products of the durable goods industries, which
employ large numbers of draftsmen, was a major
factor underlying this increase. Another factor
that contributed to employment growth was the
large increase in the number of complex technical
products requiring extensive plans and exact
drawings in order to be produced. In addition,
the rapid growth in other areas of work requiring
large numbers of draftsmensuch as research and
development, space exploration, and defense activ-
itieswas a major factor underlying the increase
in employment over the 1950 to 1964 period.
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month for draftsmen also are expected to rise as
a result of the increasingly complex design prob-
lems of modern products and processes. Further-
more, as engineering and scientific occupations
grow, more draftsmen will be needed as support
personnel.

Effects of Technological Developments on
Future Employment

Technological innovations will limit to some ex-
tent the increase in employment requirements for
draftsmen generated by an increasing demand for
drafting services. The major effect of laborsav-
ing technological innovations in drafting will be
on routine work such as tracing, rather than in the
more complex design work.

Laborsaving technical innovations, such as new
equipment for photoreproduction of drawing's
and electronic drafting, will eliminate some of the
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draftsman's time-consuming routine work. Draft-
ing time also will be reduced because of the in-
creasing use of new types of drafting paper that
can be erased a number of times, there-by reducing
the need to redraw an entire plan when design
changes are made. Furthermore, computers have
been developed that can interpret the engineers'
specifications, design the product, and produce de-
tailed lists describing materials needed to pro-
duce the object.

The use of laborsaving technological innova-
tions is not expected to seriously limit growth in
employment requirements for draftsmen over the
next decade. Automatic drafting equipment is
not yet available for use in the development of
complicated drawings such as those in the field of
electronics. Furthermore, computers and elec-
tronic plotting machines are very expensive; con-
version costs are high ; and integration of new
machines with existing systems is difficult.

Engineering and Science Technicians

Employment Trends

Employment of engineering and science tech-
nicians (excluding draftsmen and surveyors) in-
creased from about 450,000 in 1960 to 620,000 in
.mid-1964. The rapid growth in demand for prod-
ucts of industries that employ large numbers of
technicians was a major factor underlying this
increase: Another factor that contributed to the
employment growth of technicians was the great
increase in expenditures in areas of work requir-
ing large numbers of technicians, such as research
and development, defense, and space exploration.
The increasing complexity of ind.ustrial products
and processes also created a demand for more tech-
nically trained personnel.

Engineering and science technicians accounted
for about 7 percent of all professional, technical,
and kindred workers in 1964. About three-fourths
of all technicians were employed by private indus-
try. Large numbers were employed in the elec-
trical equipment, machinery, chemical, aircraft
and parts industries and miscellaneous business
services industries. In mid-1964, the Federal
Government employed approximately 75,000 en-
gineering and science technicians. State and local
governments employed another 60,000.

Employment requirements for engineering and
science technicians are expected to increase by
about two-thirds between 1964 and 1975, to more
than 1,000,000. Among the factors underlying the
increase in requirements for technicians win be the
continued expansion of industries employing large
numbers of technicians. It is also anticipated
that the services of technicians will be used more

extensively than in the past, as employers become
aware that they can better utilize scientists and
engineers by supplying them with additional sup-
port personnel. .As products and the methods by
which they are manufactured become more com-
plex, increasing numbers of technicians will be re-
quired to assist engineers in such activities as pro-
duction planning, maintaining liaison between
production and engineering departments, and
technicat sales work. The anticipated growth in
research and development expenditures is another
factor underlying the expected increase in demand
for engineering and science technicians. Such ex-
penditures are expected to continue to rise through
the mid-1970's, although less rapidly than they
did in the past.

Expenditures for the defense and space pro-
grams also are of great importance to the demand
for technical personnel. The level of such expen-
ditures is not expected to change substantially in
the years ahead, and, therefore, the demand for
technicians in defense- and space-related work is
not expected to change significantly. If the levels
of such expenditures change substantially, how-
ever, the employment of engineering and science
technicians would be affected accordingly.

Effects of Technological Developments on
Future Employment

Technological innovations such as automatic
laboratory equipment are expected to replace some
types of technicians and increase the need for oth-
ers during the years ahead. For example, the in-
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troduction of equipment such as Ph meters, cal-
orimeters, spectrographs, and automatic analytical
instruments may elimmate the need for techmcians
who perform routine repetitive experiments.
Howevert other technicians will be required to op-
erate and maintain this equipment, as well as
assist in its development. Thus, much of the re-
duction in employment requirements for techni-
cians resulting from technological change may be
offset by the mcrease in requirements generated
by the use of new equipment.

Technological developments resulting from sci-
entific advancements also will create many new
areas of employment for technicians in research

and development work. For example, electronic
technicians will be needed to assist space engineers
in developing instruments that will operate in the
extreme conditions of outer space. The employ-
ment of technicians also should increase as a result
of the need to operate and repair this new and more
complex equipment. Furthermore, the introduc-
tion of some new equipment will likely create
whole new areas of work for technicians. For ex-
ample, the electron microscope may create an
increased demand for technicians to assist research
scientists and engineers in the area of biochemistry
and in the development work resulting from the
research.

Engineers

Employment Trends

Employment of engineers increased more than
80 percent between 1950 and 1964, rising from an
estimated 535,000 to about 975,000. One major
factor in this increase has been the rapid growth
in demand for products of industries employing
large numbers of engineers. These industries in-
clude electrical equipment, machinery, aircraft and
parts, and instruments. Many new scientific dis-
coveries have resulted in new areas of work for
engineers, such as nuclear energy, space explora-
tion, and computer technology. Engineering time
required to develop and produce products has in-
creased, mainly because of the growing complexity
of industrial products and production processes.
Growth of Federal expenditures in areas of work
requiring lar.ge numbers of engineersincluding
research and development activitiesalso has been
a factor stimulatmg requirements for these
workers.

Engineering is the second largest professional
occupation, exceeded in size only by teaching ; for
men it is the largest profession. Manufacturing
industries employ the largest number of engi-
neersmore than one-half of all engineers in 1964.
The manufacturing industries employing the larg-
est number of these workers were the electrical
equipment, aircraft and parts, machinery, ord-
nance, chemicals, instruments, primary metals, and
fabricated metal products industries. About one-
fourth of the engineers were employed in nonman-
ufacturing industries, primarily in the construc-
tion, public utilities, engineering and architectural
services, and business and management consulting
service industries.

Federal, State, and local governments employed
approximately 140,000 engineers in 1964 ; about
half of these engineers worked for the Federal
Government. Educational institutions employed
about 30,000 engineers in research as well as in

teaching positions. A small number were em-
ployed by nonprofit research organizations.

Employment requirements for engineers are ex-
pected to rise by more than half between 1964
and 1975, rising from 975,000 to nearly 1.5 million.
Among the factors expected to bring about the
anticipated increase in demand for engineers are
rising population, higher levels of income, and
capital investment, which will result in expansion
of industry to meet the demand for additional
goods and services. Another factor that should
lead to an increase in the demand for engineers is
the expected continued growth of expenditures for
research and development. Such expenditures in-
creased very rapidly in recent years, and it is likely
they will continue to rise through the mid-1970's,
although less rapidly than in recent years.
Growth in research, and development activities will
result both in the expansion of existing areas of
work, and in the creation of new ones, espe-
cially in the fields of automated machinery and
computers. Engineers are and will continue to
be in the forefront of automation and technologrical
change, and the growing automation and mechani-
zation of industry will require large numbers of
engineers to plan, develop, and build the proc-
essing machinery and equipment involved.

Because a large proportion of all engineers are
engaged in defense and related work (estimated
at about one-fourth of the total in 1964) , the mag-
nitude of future expenditures for defense and
space programs will be important in determining
the overall level of demand for engineers.

Effects of Technological Developments on
Future Employment

Technological developments in the economy as
a whole are expected to be a major factor con-
tributing to the expected increase in employment
requirements for engineers. Technological ad-
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vancements resulting from scientific discoveries in
such fields as computer technology, nuclear energy,
and space technology will create many new areas
of employment for engineers in development work.
For example, in the field of space technology, addi-
tional engineers will be needed to design electronic
instruments capable of withstanding conditions
of outer space; in oceanography, engineers will
be in demand to develop deep-diving maneuverable
vehicles. The employment requirements for engi-
neers also should increase as a result of the need
to supervise the operation of the new, increasingly
complex products resulting from this development
work. For example, the use of computers capable
of regulating traffic (through automatically con-
trolled traffic lights) is expected to lead to an in-
crease in employment of traffic engineers capable
of using these computers. However, such effects
will be offset to some extent by the displacement
of engineers who worked on traffic regulation be-
fore the introduction of computers.

The rapid pace of technological change will
result in more widespread use of engineers in ad-
ministrative and managerial positions, as the in-
creasing complexity of industrial processes creates
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the need for managers who can understand these
processes. Furthermore, sales engineers will be
required to discuss the technical aspects of a prod-
uct or assist with its installation or use.

Some technological developments may, however,
have the effect of reducing the needs for engineers
in some areas of work. F-or example, the develop-
ment of automatic testing equipment will likely
reduce the need for quality control engineers.
However, other types of engineers will be needed
to design the automatic testmg equipment, to su-
pervise its production, sell it, install rt, and main-
tain it. Thus, reduced employment requirements
for engineers resulting from the introduction of
labor-saving equipment probably will be offset
by the increase in requirements generated by the
development of the new equipment.

Overall, the effects of clanging technology will
be to increase the need for engineers. Neverthe-
less, some changes in the functions of engineers
may result from technological developments. In
the case of civil engineers, for example, much of
the more routine computational work involved in
designing a structure will be taken over by com-
puters, leaving the engineer to concentrate on de-
sign and development work.

Physicians

Employment Trends

Employment of physicians increased by nearly
one-third beween 19t0 and 1964, rising from
nearly 200,000 to about 265,000. The steady in-
crease in employment of physicians resulted pri-
marily from the expansion in population,
particularly of very old and very young people
who need medical care most. The expansion of
medical insurance coverage has increased the need
for physicians, as has the increasing public in-
terest in preventive medicine and the growing
demand for medical services generated by th.e
Nation's rising standards of living and greater
health consciousness. The growth in employment
of physicians, however, was slowed by the limited
capacity of medical schools.

Over 175,000 physicians were engaged in private
practice in 1964. About 35,000 were interns or
residents in hospitals, and nearly 12,000 held reg-
ular positions on hospital staffs. Approximately
20,000 physicians were serving as commissioned
officers in the Armed Forces or were employed in
Federal Government agencies, chiefly in hospitals
and clinics of the Veterans Administration and
the Public Health Service. The remainder were
employed in private industry, State and local
government health departments, medical schools,

research foundations, and professional orga-
nizations.

Employment of physicians is expected to rise
by nearly 15 percent between 1984 and 1975. It is

expected that the growth in requirements for these
workers will be much greater, but employment
growth over this period will be limited by the ca-
pacity of medical schools. The factors underlying
the expected increase in demand for theservices of
physicians include rising population, particularly
in the old and young age groups; advances in med-
ical science, such as the transplantation of human
organs, the implanting of artificial organs, and
development of new drugs; extension of prepay-
ment programs for medical care and hospitaliza-
tion ( including a program for the aged provided
by the Social Security Amendments of 1965) ; crea-
tion of community mental health centers under the
Mental Retardation Facilities and Community
Mental Health Centers Construction Act of 1963;

and organization of regional health centers pro-
vided by the Heart Disease, Cancer, and Stroke
Amendments of 1965. The demand for doctors
also will be stimulated by growth in the fields of
public health, health rehabilitation, and industrial
medicine, as well as by the need to conduct medical
research and to teach in medical schools.
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Effects of Technological Developments on
Future Employment

Technological developments in the field of medi-
cine are not expected to significantly affect the
empkgment requirements for physicians. The
overriding factor affecting employment require-
ments is the expected increase in the need and
ability to pay for medical and health services. In
some areas of medical work, technological develop-
ments will tend to accelerate the growth in em-
ployment requirements. Among the technological
innovations in the field of medicine that may in-
crease the demand for physicians' services are new
surgical techniques such as transplants of organs
and tissues ; new equipment, such as heart-lung
machines; and the development and application

of new drugs. Many.more people are expected to
seeks physicians' services as a result of the avail-
ability of these new methods of treatment.

Some technological innovations, however, may
reduce slightly the growth in requirements for
physicians. These include telemetry, a tech-
nique that makes possible distant readings of
physiological functions (the symptoms of patients
at home may be sent to a computer for analysis and
the results relayed to the physician) . In addition,
the development of new vaccines and drugs will
prevent, or limit the length of illnesses. In gen-
eral, however, the impact of these new technologi-
cal developments will ultimately enable physicians
to spend more time in the treatment of other ill-
nesses, thereby changing the pattern of physicians'
services.

Registered Professional Nurses

Employment Trends

Employment of nurses increased by more than
one-half between 1950 and 1964, rising from 375,-
000 to 582,000. The major growth factor was the
increase in demand for hospital and other medical
and health services resulting from the expanding
population, the extension of medical insurance
coverage, the growing expenditures by industly
and Government for medical care, and rising
standards of living.

Nursing is the largest profession in the health
field. In 1964, about two-thirds of all nurses
worked in hospitals and related institutions.
More than 65,000 were private duty nurses who
care for patients in hospitals and private homes,
and about 47,000 were office nurses. Public health
nurses in Government agencies visiting nurse as-
sociations, and clinics numbered over 37,000 ; nurse
educators in nursing schools, more than 20,000 ;
and occupational health nurses in industry, nearly
19,000. Over 25,000 civilian nurses were em-
ployed by the Federal Government, and about
8,500 were serving as commissioned officers in the
Armed Forces. Most of the remainder were staff
members of professional nurse organizations or
were employesi by research organizations.

EmploymInt requirements for nurses are ex-
pected to rise by almost 45 percent between 1964
and 1975, to more than 830,000. Among the
factors that are expected to contribute to the in-
crease in demand for hospital and health services
and, therefore, the need for nurses are : (1) A
growing population with a greater proportion of
very young and old people the age groups that
need nursing care most ; (2) rising standards of
living; (3) growth in the number of persons cov-

ered by hospital and medical insurance programs,
including the program for the aged provided by
the Social Security Amendments of 1965 ; (4) ex-
pansion of medical services as a result of new
medical techniques and drugs; and (5) the increas-
ing interest in preventive medicine. In addition,
an increasing number of nurses will be needed for
rehabilitation work with the mentally handi-
capped, particularly in community health centers
bemg established under the provisions of the Men-
tal Retardation Facilities and Community Mental
Health Centers Construction Act of 1963.
Effects of Technological Developments on

Future Employment

Technological developments are not expected to
significantly affect growth in employment require-
ments for nurses, but should affect their job
characteristics. Some technological innovations
will free nurses of many routine tasks, enabling
nurses to devote more time to patients requiring
special care. Other technological developments
are expected to actually increase employment re-
quirements for nurses by creating new areas of
work.

Technological developments that should in-
crease the employment requirements for nurses in-
clude the development and more widespread use
of new drugs, medicines, and other treatments.
Many more people are expected to seek medical
help as a result of the availability of new methods
of treatment, thereby creating a greater demand
for nursing care. However, such effects of these
developments will be offset to some extent by re-
ductions in the periods of time patients are ill.

The most significant technological developments
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probably will take place in hospitals and related
institutions, where new laborsaving equipment
will tend to change fin duties of nurses. Among
the new developments are electronic monitoring
devices that keep the nurse informed of a patient's
condition, for example, his pulse and h.eartbeat
and whether he is awake or asleep. Other labor-
saving developments include the use of computers
to record and analyze information about a pa-
tient's symptoms. Changes in hospital design and
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structure also will save time for nurses and enable
them to provide better patient care.

Laborsaving technological developments outside
the hospital include the portable electrocardio-
graph, which allows the nurse to take electro-
cardiograms in patients' homes and have them
analyzed by a computer at a central health agency..
Alth.ough this may reduce the time nurses spend
with th.ese patients, it probably will result in
increased demand for such services.

Teachers

Employment Trends

Employment of public and private school teach-
ers combined increased from an estimated 1.3
million in the 1954-55 school year to about 2.1
million in 1964-65. This employment growth re-
sulted primarily from a great Increase in the
school-age population. In addition, the number
of young people of high school and college age
attending school has increased in recent years.
At the beginning of the 1964-65 school year, about
53 million peoplemore than one-fourth of
the country's total populationwere enrolled in
the Nation's schools and colleges, compared with
about 35 million people in the 1954-55 school
year.

Teachers make up the largest group ofprofes-
sional workers. In the 1964-65 academic year,
more than half of all teachers were employed in
elementary schools, more than a third in secondary
schools, and about 10 percent in colleges and
universities.

Employment requirements for teachers are ex-
pected to rise by almost a third during the 1965-75
decade, reaching about 2.7 million in the 1974-75
school year.72 The projected increase in require-
ments for teachers is expected to result from con-
tinued growth of the school-age population and
increasing attendance rates at the high school and
college levels. Between the 1964-65 and 1974-75
academic years, enrollments are expected to in-
crease by 8 percent in elementary schools, by 28
percent in high schools and by over 75 percent in

71 For further inFormation,
se

"A New Look at Manpower
Needs in Teaching, Oectpationael Outlook Quarterly, Bureau of
Labor Statistics, May 1984.
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colleges and universities. School attendance rates
will be increasing because of the greater ability
and willingness on the part of parents to pay for
higher education, because of growth in family in-
comes; increasing availability of scholarships and
part-time work ; and increased expenditures for
education provided for by recent Federal legisla-
tion, inclucling the Elementary and Secondary
Education Act of 1965.

Effects of Technological Developments on
Future Employment

Technological developments are expected to
have little effect on employment requirements for
teachers through the mid-1970's. Technology
has made limited inroads in the field of education,
primarily through the use of instructional tele-
vision and teaching machines. Instructional tele-
vision is used primarily as a teaching aid in school
or college curricula for the presentation of tele-
vised lessons. Teaching machines present infor-
mation mechanically and test individual student
responses to the materials covered. Even though
both educational television and teaching machines
are gaining in use, it is unlikely that they will
have a significant effect on reducing the need for
teachers. Such equipment will probably be used
primarily to free teachers from many of their rou-
tine tasks and give them more time for individual
assistance to students, and for improved prepara-
tion of lessons and teaching materials. As a re-
sult, technological innovations will change the job
content of teachers' work more than it will affect
overall employment requirements.

rt",*



Managers, Officials, and Proprietors (Except Farm)

Employment Trends

Employment of managers. officials, and propri-
etors mcreased almost steadily between 1947 and
1964, rising from 5.8 million to about 7.5 million.
However, employment trends among the occupa-
tion groups that make up this broad category
varied. sharply.

Employment of salaried managers and officials
including industrial traffic managers, personnel
workers, public relations workers, and purchasing
agents rose rapidly between 1957 and 1964178
growing from about 3 million to about 4.3 mil-
lion. The major reasons for this increase include
the c,..atinuing growth in the size of business and
manufacturing firms and the ever-increasing com-
plexity of a wide variety of business functions.
Technological developments also contributed to
the employment growth, as an increasing number
of technical managers were needed to perform
such services as planning research and d.evelop-
ment programs, making policy decisions on the
installation and use of automated machinwy, and
supervising automatic data-processing systems.

e number of proprietors, on the other hand,
declined during the 1957-64 period, from about
3.7 million to about 32 million. The decrease in
the number of proprietors resulted primarily from
the replacement of small grocery and general
stores and hand laundries (often run as family
businesses) by supermarkets and large chains.

Employment requirements for managers, of-
ficials, and proprietors as a group are expected to
rise bynearly one-fourth between 1964 and 1975,
increasing from nearly 7.5 million to about 9.2
million. The major reason for this anticipated
growth in requirements is the expected continuing
increase in demand for goods and services result-
ing from a growing population and rising living
standards, and the contmued increase in the num-
ber and complexity of large business firms. As in
the past, requirements for salaried managers and
officials are likely to continue to increase sub-
stantially during the next decade because of the
increasing dependence on trained management
specialistsbuyers, department store heads, and
purchasing agentsby business organizations and
Government agencies. In addition, occupations,
such as hospital administrator, are developing,

" Separate data on employment of salaried workers and self-employed workers are not available for the years prior to 1957.
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which will probably absorb some management and
planning functions currently performed by non-
management personnel.

Although the number of propri4ors declined
substantially in the past, the number is expected
to be at roughly the 1964 level in 1975. The trend
toward formation of larger businesses is expected
to continue to restrict the growth in the total num-
ber of firms. In addition, the replacement of
small grocery add general stores and hand
laundries by supermarkets and large chains is ex-
pected to continue, thus reducing the opportuni-
ties for proprietors. Howevert the greatest part
of this shift from small proprietor-owned stores
to larger businesses appears already to have taken
place, and as a result, the decline in the number
of proprietors is expected to be relatively small.
Furthermore, offsettmg this decline somewhat will
be the expansion of business opportunities for
proprietors in small franchised owner-operated
busmesses in such fields as quick-service grocery
stores, self-service laundries and drycleaning
shops, hamburger and frozen custard drive-ins,
dance studios, and slenderizing salons. As a re-
sult of the diverse employment trends for salaried
managers and officials, and proprietors, total re-
quirements for this group may mcrease at about
the same rate of increase as for all occupations
about one-fourth.

Effects of Technological Developments on
Future Employment

Technological developments will have a differ-
ent impact on employment requirements among
the various occupations in the managers, officials,
and proprietors category. The increasing use of
computers in the processing of business and eco-
nomic data and in the preparation of accounting
and other business reports may limit somewhat
the growth in demand for some middle-manage-
ment positions. On the other hand, it is antici-
pated that technological advances will create a
need for a growing number of technical managers
and officials to perform such technical functions
as planning scientific and engineering research
projects for the development of new products and
processes, supervising automatic data-processing
systems, and training workers in new skills needed
for new, complex machinery and techniques.
Additional management personnel will also be
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needed to analyze the vast amounts of data fur-
nished by data-processing equipment and to pro-
vide assistance to top policymaking officials.
However, employment requirements for other

Employment
(in 000' s)

1947 5, 795
1948 6, 344
1949 6, 433
1950 6, 429
1951 6, 220
1952 6, 182
1953 6, 396
1954 6, 201
1955 6, 450
1956 6, 552
1957 6, 703
1958 6, 785
1959 6, 935
1960 7, 067
1961 7., 119
1962 7, 408
1963 7, 293
1964 7, 452
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types of managers and officials, such as advertis-
ing workers and _public relations workers,
will not be as directly affected by technological
developments.

EMPLOYMENT OF MANAGERS, OFFICIALS, AND PROPRIETORS

(Except Farm), 1947-64
INDEX (1957-59=100)
16 0

14 0

120

100

8 0

6 0

4 0

2 0

0

1947 '49 '51 '53 '55 '57 '59 '61 '63 '65

Source: Bureau of Labor Statistics



Clerical and Kindred Workers

Employment Trends

Employment of clerical and kindred workers in-
creased almost steadily between 1947 and 1964,
rising from 7.2 million to almost 10.7 million, or
48 percent. This rapid increase in employment of
clerical workers reflects not only the growth of
the economy, but also growth in size and com-
plexity of modem business organizations and
govermnent.

The rapid increase in amount of communications
conducted through mail, telephone, and telegraph
has also brought about a need for more clerical
workers.

Clerical and kindred workers comprise the larg-
est group of white-collar workers. More than 50
percent of all clerical and kindred workers are
employed in manufacturing, wholesale and retail
trade, and public administration. Large num-

Employment
(in 0001 s)

1947 7, 200
1948 7, 438
1949 7, 438 140
1950 7, 632
1951 7, 655
1952 8, 122 120
1953 7, 991
1954 8, 168
1955 8, 367 100
1956 8, 838
1957 9, 152
1958 9, 137 80
1959 9, 326
1960 9, 783
1961 9, 861 60
1962 10, 107
1963 10, 270
1964 10, 667 40

bers also are employed in insurance companies,
ftnance and real estate firms, educational institu-
tions, and professional service organizations.

Employment requirements for clerical and kin-
dred workers are expected to increase by more than
one-third during the 1964-75_period, rising from
10.7 rnillioAl to 14.6 million. Many new positions
are expected to open up as the industries employ-
ing large numbers of clerical workerssuch as
banks and insurance companies, wholesale and re-
tail trade establishments, manufacturing firms and
government offices continue to expand. The
trend in retail stores toward transferring to cleri-
cal workers functions that were formerly rer-
formed by sales personnel will tend to increase
the employment requirements for clerical workers.
Furthermore, the continued increase in size and
complexity of modem business organizations will
help to increase the demand for ckrical workers.

EMPLOYMENT OF CLERICAL AND KINDRED WORKERS, 1947-64

INDEX (1957-59=100)
160
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Source: Bureau of Labor Statistics.
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Effects of Technological Developments on
Future Employment

Technological developments are expected to limit
growth in employment requirements for clerical
workers. The use of electronic computers, book-
keeping and calculating machines, and other me-
chanical devices for the purpose of processing
routine and repetitive work is expected to result
in substantial reductions in the number of clerks
employed in routine jobs such as filing, sorting
bank checks, making up payrolls, keeping track of
inventories, and billing customers. On the other
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hand, the laborsaving advantages of these innova-
tions will be offset to some extent by growing re-
quirements for machine operators.

Growth in the requirements for secretaries, re-
ceptionists, and other clerical workers whose duties
require initiative, judgment, and contact with the
public is not expected to be significantly affected

iby technological nnovations.
The following statements describe the employ-

ment trends and outlook for selected occupations
in the clerical and kindred Worker occupational
groups : stenographers, secretaries, and typists;
bookkeeping workers; and office machine
operators.

Bookkeeping Workers

Employment Trends

Employment of bookkeeping workers increased
from about 725,000 in 1950 to an estimated 1.1
million in 1964, or by 55 percent. This increase
resulted primarily from expansion of economic
activity and growth in the complexity of modern
business, which tended to increase bookkeeping
activity.

Bookkeeping workers are found in all indus-
tries. About 25 percent were employed by retail
establishments and almost 20 percent by manu-
facturing firms in 1964. Banking and audit agen-
cies employed more than 12 percent of the total,
and wholesale trade establishments, over 10 per-
cent.

Over the next decade, employment requirements
for bookkeeping workers are expected to increase
more slowly than they did during the 1950-64
period, primarily as a result of the mcreasing use
of laborsaving technological innovations. Never-
theless, by 1975, employment needs for these work-
ers may reach 1.4 million, 25 percent above the
number employed in 1964. The increasing use of
laborsaving technological innovations will limit
the requirements for workers performing the more
routine bookkeeping tasks, but there will continue
to be many opportunities for bookkeepers capable
of assuming responsibility for a full set of books.

Effects of Technological Developments on
Future Employment

The increasing use of automatic data-processing
and other mechanized bookkeeping operations is
expected to limit growth in employment require-

ments for bookkeeping workers. Many types of
machines, including posting machines, punchcard
machines, and electronic computers, can process ac-
counting and bookkeeping data more accurately,
rapidly, and cheaply than it can be done manually.
Electronic data-processing machines are expected
to be used by more and more establishments for
accounting and bookkeeRing work: although the
application of such equipment will remain far
from universal. The feasibility of mechaniz-
ing an accounting function depends upon the
cost saving, speed, or accuracy of a machine
as compared with conventional methods, and
many companies probably will not have the capi-
tal or volume of work necessary for automation.
Furthermore, some firms will continue to combine
electronic data-processing equipment with conven-
tional equipment in their accounting operations.
Even in companies that install electronic data-
processing equipment, bookkeepers who did rou-
tine clerical posting before the machines were
installed are not expected to be displaced to any
great extent, since the bookkeeping demands of
many firms will continue to grow, creating an in-
creasing need for workers to prepare the inputs
for the equipment and to prepare the additional
reRorts made possible by using this equipment.

Electronic clata-processing equipment is ex-
pected to be applied to an increasing number of
recordkeeping functions in the decade ahead. For
example, in banks the use of data-processing sys-
tems to sort checks by reading magnetized num-
bers, to credit individual accounts with deposits,
and to subtract withdrawals is expected to expand
sharply. In warehousing, computers are expected
to be used increasingly to prepare daily inventory
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reports. Current developments also point to the
increasing use of independent computer centers
that offer data-processing services to the business

community in general. Also, the size and cost of
data-processing units are expected to be reduced,
thus putting them within reach of small fi

Office Machine Operators

Employment Trends

Employment of office machine operators (ex-
cluding typists) increased from an estimated
142,000 in 1950 to about 420,000 in 1964. Al-
though the growing use of electronic computers
limited the growth in requirements for operators
of conventional office machines, it resulted in a
rapid increase in the employruent of omrators of
computers and auxiliary equipment. The major
reason for the employment growth was a tremen-
dous increase in the paperwork requirements of an
expanding economy and growth in the size and
complexity of modern busmess.

Office machine operators are employed mainly in
firms with sizable recordkeeping requirements.
Roughly one-third of all office machine operators
work for manufacturing companies. Other large
groups work for banks and insurance companies,
government agencies, wholesale and retail firms,
and transportation and public utility companies.
Some office machine operators are employed in
"service centers," agencies that contract to handle
such tasks as preparing monthly bills and mftging
circulars to lists of prospective customers.

Employment requirements for office machine
operators are expected to more than double be-
tween 1964 and 1975, to about 900,000 workers.
The projected increase in employment of office
machme operators is based on continued growth of
recordkeepmg requirements in both the public and
private sectors of the economy. Such large em-
ployers of office machine operators as manufactur-
ing, insurance, and banking firms are expected to
experience significant increases in paperwork vol-
ume, as both their volume of sales and number of
customers continue to grow.

Effects of Technological Developments
Future Employment

on

Although employment requirements for office
machine operators are expected to increase rapidly
in the years ahead, technological developments are
expected to limit growth in employment require-
ments for operators of certain types of office ma-
chines. The spread of automated recordkeepmg
processes may displace some tabulating and -bill=
mg machine operators, since electronic comput rs
pnerally perform these functions more efficiently.
In additiou, as automatic reading devices become
a more common component of computer systems,
requirements for keypunch operators to prepare
material for use in computers may be adversely
affected.

As more sophisticated computer systems are in-
troduced in the future, the number of computer
and auxiliary equipment operators needed per-
machine may decline. However, the spread o
computer service centers and increasing use o
time sharing, which will enable many firms to gain
access to automated recordkeeping procedures for
the first time, along with the increased applications
of computers to more varied functions, ithould re-
sult in a rapid overall increase in the employment
of computer operating personnel.

Furthermore, advances in interoffice communica-
tions and electronic computer technology should
enable many large private firms and government
agencies to consolidate recordkeeping functions
at a central location ; reducing requirements for
office machine operators in many small branch
offices without a corresponding increase in require-
ments for such workers in the central offices.

Stenographers, Secretaries, and Typists

Employment Trends

Employment of stenographers, secretaries, and
typists increased by more than two-thirds between
1950 and 1964, rismg from nearly 1.6 million to
about 2.7 million. Expansion of economic activity
and growth in the complexity of modern business
tended to increase the volume of paperwork and,
thus, employment requirements for these workers.

Stenographers, secretaries, and typists represent
the largest group of clerical and kindred workers.
Workers in this field are employed by public and
private organizations of every size and type.
l'articularly large numbers work in manufactur-
ing firms, grovernment agencies, schools and col-
leges, banks, and insurance companies.

Employment requirements for stenographers,
secretaries, and typists are expected to increase
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by more than one-third during the 1964-75 period,
rising from the 2.7 million employed in 1964 to
approximately 3.7 million in 1975. This projected
increase in requirements will result from the con-
tinued expansion of general economic activity and,
in particular, the continued rapid expansion of
those industries employing large numbers of cleri-
cal personnel, such as finance, insurance, real
estate, and banking. Furthermore, as modern
business organizations continue to grow in size
and complexity, the volume of paperwork also is
expected to expand.
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Effects of Technological Developments on
Future Employment

Technological developments are not expected to
limit significantly growth in employment require-
ments for stenographers, secretarieJ, and typists
as a group during the decade ahead. However,
the increased use of duplicating machines, Flexo-
writers, dictating machines, and other mechanical
equipment is expected to increase output per em-
ployee, particularly of workers who perform the
more routine tasks.

Sales Workers

Employment Trends

Employment of sales workers increased nearly
one-third between 1947 and 1964, rising from about
3.4 million to nearly 4.5 million. Increased sales
of many products, owing to rapid population
growth, new product development, business expan-
sion and rising income levels, was the major reason
for mcreased employment of sales workers. Em-
ployment in some types of sales work increased
much faster than in others. Among the large sales
occupations that had particularly rapid growth
are real estate salesmen, insurance agents, manu-
facturers' salesmen, and wholesale salesmen. The
smaller sales occupations of demonstrator, stock
and bond salesman, and house-to-house salesman
also increased rapidly. Among the slowest grow-
ing sales occupations were retail sales workers;
however, these workers remain the largest group
of sales workers.

The sales worker occupational group represented
slightly more than 6 percent of all employed per-
sons in 1964. About one-fourth were part-time
employees who worked less than a 35-hour week.
Women accounted for almost 40 percent of all
sales workers and were employed primarily in
retail stores.

Employment requirements for sales workers are
expected to rise by about thirty percent between
1964 and 1975, to about 5.8 million, a faster rate
of growth than has occurred in recent years.
Among the major factors that will contribute to
this employment increase are growth of popula-
tion and increases in disposable personal income,
which will result in a rising demand for goods
and services. In addition, employment prospects
in a variety of sales occupations will be further
enhanced by the expected increase in residential
and commercial construction and urban renewal

(real estate agents) ; continued extension of such
laws as workman's compensation and automobile
liability insurance (insurance salesmen) ; and the
trend for stores in metropolitan areas to remain
open longer (retail salespersons). However, in
recent years, many stores, such as variety stores,
large supermarkets, and department stores have
replaced sales workers with self-service and check-
out counters, and this trend is expected to con-
tinue, but at a slower rate than in recent years.
In addition, vending machines are expected to
provide an increasing variety of goods once han-
dled by sales workers.

Effects of Technological Developments on
Future Employment

The person-to-person contact usually required
in most sales occupations, limits the impact of
labor-saving technoloOcal innovations on employ-
ment requirements. For some sales occupations,
technological innovations will primarily affect job
duties.

The areas of sales work most susceptible to tech-
nological displacement are those for which little
training is required (e.g., the activities of a sales-
girl waiting on people in a variety store) and for
which self-service procedures or vending devices
may be substituted easily. The growth in em-
ployment requirements for salesmen dealing in
specialized or technical services and products
could be limited somewhat through the wide-
spread use of improved communications systems
(including computerized information systems) be-
tween branch and home offices. Such systems
would facilitate information retrieval for the sales-
man confronted with questions or problems con-
cerning specialized equipment, thus allowing him
more actual sales time.
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Employment
(in 0001

1947 3, 395
1948 3, 641
1949 3, 737
1950 3, 822
1951 3, 750
1952 3, 674
1953 3, 779
1954 3, 934
1955 3, 976
1956 4, 111
1957 4, 128
1958 4, 173
1959 4, 394
1960 4, 401
1961 4, 439
1962 4, 346
1963 4, 356
1964 4, 456

EMPLOYMENT OF SALES WORKERS, 1947-1964
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Craftsmen, Foremen, and Kindred Workers (Skilled Workers)

Employment Trends

Employment of craftsmen, foremen, and kin-
dred workers rose from less than 7.8 million in
1947 to nearly 9 million in 1964, and an increase
of approximately 15 percent. Employment in-
creased relatively rapvily in the early years of
the period, reaching 8.4 million in 1951, but dur-
ing the 1951-62 period changed only slightly,
fluctuating between 8.3 and 8.7 million. In 1963,
however, employment increased sharply to 8.9
million and in 1964., the nearly 9 million craftsmen
represented the highest number ever employed
in the United States.

More than half of all skilled workers were em-
ployed in two occupational groups in 1964
building trades (29 percent) and mechanics and
repairmen (25 percent). There were more than
800,000 carpenters and about 750,000 automotive
mechanics. Other skilled occupations, that had
over 100,000 workers each, included electrician,
painter, machinist, plumber and pipefitter, sta-
tionary engineer, operating engineer, bricklayer,
compositor and typesetter, appliance serviceman,
baker, and industrial machinery repairman.
Many skilled occupations, however, had fewer than
20,000 workers each; for example, electrotyper,
blacksmith, and glazier.

Although skilled workers are employed in al-
most every division of industry, more than half
are employed in manufacturing and construction.
More than three-fourths of all craftsmen work for
private employers; others are self-employed or
work for Federal, State, or local governments.
The building trades, as a group, have a fairly large
percentage of self-employed workers.

Employment trends during the post-World War
II period varied sharply among the individual
skilled occupations. Yor example, although con-
struction activity increased during this period, em-
ployment of carpenters declined slightly, primar-
ily as a result of growing use of prefabricated
building components and the increasmg efficiency
of tools and equipment. In many railroad occu-
pations, such as locomotive engineers, firemen, and
railroad and car shop mechanics and inspectors,
employment decreased significantly because of the
decline in railroad traffic (particularly passenger
traffic) and the introduction of laborsaving tech-
nological innovations such as the diesel-electric

locomotive, welded rails, automatic car-weighing
devices, and specialized maintenance equipment.
Furriers, a very specialized occupation, suffered
a sharp decline (70 percent) as the demand fr.!
natural furs fell drastically.

Many skilled occupations, on the other hand% in-
creased in numbers during the postwar period.
For instance, rapid increases in highway construc-
tion and the use of large, powerful excavating and
grading road machinery resulted in a 55-percent
mcrease in the number of operating engineers dur-
ing the 1950-60 period. Increases in construction
activity, including roads, buildings, and repairs,
also resulted in significant employment gains for
cement and concrete finishers (38 percent), con-
struction foremen (65 percent), construction in-
spectors (85 percent), and structural metal work-
ers (18 percent). Significant employment gains
also were recorded for airplane mechanics and re-
pairmen (62 percent), manufacturing foremen
(46 percent), and tool and die makers (20 per-
cent), primarily because of increasing business
activity.

Employment requirements for craftsmen, fore-
men, and kindred workers are expected to rise by
about one-fourth between 1964 and 1975, increas-
ing from 9 million to 11.4 million. Industrial
growth and increasing business activity are the
major factors expected to increase the need for
skilled workers.

As in the past, rates of employment growth will
differ considerably among the sed occupations.
Employment of mechamcs and repairmen should
continue to grow more rapidly than the skilled
work force as a whole. For example, industry will
need increasing numbers of craftsmen to repair
and maintain the automatic conveyor systems,
sensing and measuring devices, and other instru-
mented equipment, which have become such in-
tegral parts of the modern industrial production
process. A growing stock of household appliances
also should increase the need for mechanics and
repairmen. The number of skilled workers in the
building trades and in the major skilled machining
occupations are expected to increase at a slower
rate than mechanics and repairmen, as technologi-
cal laborsaving innovations are expected to offset
the rising demand for construction and machining
work. On the other hand, employment in the
printing trades, one of the largest groups of skilled
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Employment
( in 000'41)

1947 7, 754
1948 8,11 9
1949 7, 625
1950 7, 670
195 1 8, 434
1952 8, 743
1953 8, 588
1954 8, 311
1955 8,.328
1956 8, 693
1957 8, 664
1958 8, 460
1959 8, 56 1
1960 8, 560
196 1 8, 623
1962 8, 678
1963 8, 925
1964 8,986

EMPLOYMENT OF CRAFTSMEN, FOREMEN,
AND KINDRED WORKER% 1947-1964
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Source: Bureau of Labor Statistics.

workers, is expected to show little or no change
over the next decade as laborsaving machinery
continues to increase output per worker.

Effects of Technological Developments on
Future Employment

Technological developments are expected to af-
fect some skilled occupations favorably and affect
others adversely. Technological innovations are
expected to increase employment requirements for
mechanics and repairmen, as greater numbers of
skilled workers will be needed to install, maintain,
and repair the growing volume of complex equip-
ment that will be used by industry, government
agencies, and private households.

Technological developments, on the other hand,
are expected to limit the increase in requirements
for skilled occupations in the building trades. As
more building components such as wall panels,
door frames, gables, and precast concrete trusses
are prepared offsite, requirements will be reduced

'57 '59 '61 '63 '65

for carpenters and structural metal workers.
Similarly, the growing use of plastic materials
such as plastic pipes, polyfoam insulation, and
plastic shells may reduce requirements for skilled
workers such as plumbers and pipefitters, and
brickmasons.

Although machining occupations are expected
to rise slightly during the decade ahead, it is an-
ticipated that increasing use of numerically con-
trolled machines will limit employment growth of
these skilled occupations.

Some skilled occupations are expected to decline
during the next decade as a result of greater use
of technological laborsaving devices. For ex-
ample in the printing industry, some electrotyp-
ers and stereotypers are expected to be displaced
by the growing use of more highly mechanized
platecasting equipment. Similarly, the growing
use of electronic testing and measuring devices in
electronics manufacturing is expected to reduce
the numbers of skilled inspectors and testers.
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Airplane Mechanics "

Employment Trends

Employment of civilian airplane mechanics in-
creased from an estimated 50,000 in 1950 to about
95,000 in 1964, a growth of 90 percent. Airplane
mechanics employed by the scheduled airlines,
which make up the largest single group in this
occupation, increased by about 70 percent during
this period, while those in other types of employ-
mentnonscheduled airlines, general aviation and
government--doubled. The rapid growth in em-
ployment of airplane mechanics during the 1950's
and early 1960's was chiefly the result of dramatic
increases in civil flying activity and in the number
of registered aircraft. Over the 1954-64 decade,
the total number of active registered aircraft on
record with the Federal Aviation Agency in-
creased from nearly 56,000 to more than 87,000,
a rise of over 55 percent. In addition, the increase
in size and complexity of many of the aircraft
resulted in increased amounts of maintenance,
checking, and overhaul time. Furthermore, the
new generation of supersonic military aircraft re-
sulted in an increased need for civilian mechanics
to maintain them.

Over one-third of all airplane mechanics are
employed by certificated (scheduled and non-
scheduled) airlines. About a fourth are em-
ployed by the military and other agencies of the
Federal Government. The remaining mechanics
are employed in general aviation, primarily by
certificated repair stations.

Employment requirements for airplane me-
chanics are expected to increase to about 115,000
workers by 1975, nearly 20 percent above 1964.
This projected increase will result primarily from
the anticipated growth in civil flying activities,
including a rapid rise in the number of aircraft
in use. Nearly all of the projected growth in
civilian aircraft is expected to occur in general
aviation, especially among business aircraft umrs
and small commercial operators. The major stim-
ulus for this increase in the number of general
aviation aircraft, and the consequent need for
mechanics to maintain them, will result from the
rising demand for fast and dependable, yet
flexible air transportation services. On the other
hand, although scheduled airline traffic, both
passenger and cargo, is projected to increase very

74 This discussion excludes production workers employed In the
aircraft and parts manufacturing industry.
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rapidly in the next decade, the number of aircraft
required to handle this traffic is expected to remain
fairly constant due to the increasing replace-
ment of piston-engine planes by faster, higher
capacity jet planes. Since the employment of
airplane mechanics depends primarily on the num-
ber of aircraft in service, the number of mechanics
employed by the scheduled airlines is expected to
remain fairly stable over the next decade.

Effects of Technological Developments on
Future Employment

Employment requirements for airplane me-
chanics are not expected to increase as fast as civil
flying activities in the years ahead, due to tech-
nological improvements that will limit the increase
in the total number of aircraft in operation and
improve the efficiency and speed of aircraft main-
tenance work.

The continued replacement of piston with tur-
bine-powered aircraft will allow the scheduled
airlines to absorb the future demand for air trans-
portation with little or no increase in fleet
size or mechanic employment. Although jet airr
liners are used more intensively than their pred-
ecessors, they involve fewer powerplant mechanics
due to the greater simplicity of the jet over the
piston engine, and reduced overhaul requirements.
This decline in the relative importance of power-
plant mechanics will be offset, however, by
increased requirements for airframe mechanics to
service the growing array of complex aircraft
control systems incorporated in modern jet trans-
ports.

Although technological developments may also
limit employment opportunities for mechanics in
firms providing general aviation services, the over-
all expansion in general aviation aircraft pro-
jected for the next decade will result in a net
increase in mechanic employment. Technological
advances in general aviation, particularly in
business flying and air taxi, have resulted in more
efficient, higher capacity turbine-powered aircraft
and multiengine piston aircraft. In addition,
general aviation aircraft are being equipped with
sophisticated aids to simplify flying and increase
safety. The major effect of these developments
will be to increase the skill requirements among
general aviation aircraft mechanics.
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Automotive Mechanics

Employment Trends

Employment of automotive mechanics increased
from 650,000 in 1950 to an estimated 760,000 in
1964 in response to the rising demand for motor
vehicle repairs. The number of motor vehicles
in use, the primary determinant of the demand
for repairs, increased from about 49 million to an
estimated 86 million during the same period."
In addition to increasing in number, motor
vehicles increased in complexity during the late
1950's and early 1960's as a result of the growing
popularity of items such as automatic transmis-
sions, power steering, and air-conditioning. The
trend toward more complex motor vehicles in-
creased the demand for repairs.

About 40 percent of all automotive mechanics
are employed by independent auto repair shops
and 25 percent by auto and truck dealers. Other
major employers of automotive mechanics are
gasoline service stations, motor vehicle manufac-
turers, and operators of large fleets of trucks or
buses.

Employment requirements for automotive me-
chanics are expected to rise by more than 17 per-
cent between 1964 and 1975, to about 880,000.
The projected increase in employment require-
ments is based on an anticipated substantial in-
crease in the number of motor vehicles in use.
Registrations of motor vehicles in the United
States are expected to increase by more than one-
fourth in the next 10 years becaum of factors such
as population growth, new household formations,
increased consumer purchasing power, more multi-
car ownership, and increases in the transportation
of freight by trucks. The increase in the number
of motor vehicles, coupled with their growing
complexity, will increase the need for automotive
mechanics. However, employment requirements
are expected to increase slower than motor vehicle
registrations because of increases in efficiency
stemming from factors such as increased mechanic
and repair shop specialization, greater emphasis
on replacement rather than repair of parts, and
laborsaving technology.

70 Automobile Foots and Figures, 1965, Automobile Manufac-
turing Association, p. 18.

Effects of Technological Developments on
Future Employment

Although technological developments are not ex-
pected to have a substantial impact on employment
requirements for automotive mechanics, the greater
use of laborsaving tools and test-equipment will
result in a moderate reduction in unit labor
requirements.

Power tools, such as pneumatic wrenches and
cutting

j
tools, and special purpose tools such as

transmission acks and differential jacks should
reduce the amount of time it takes a mechanic
to disassemble and assemble motor vehicle
components.

Test equipment such as distributor-testers, en-
gine analyzers and dynamometers should increase
efficiency by reducing the amount of time it takes
a mechanic to diagnose malfunctions and check
the quality of repairs. A recent development is
the application of dynamometers and other test
equipment to production-line diagnosis of motor
vehicle malfunctions in repair shops. In such
shops, diagnosticians who are skilled in operating
test equipment determine needed repairs and route
vehicles to mechanics who are specialists in mak-
ing particular kinds of repairs. Although few
shops presently use production-line diagnosis, the
number may increase significantly during the next
decade. As a result, the employment of diagnos-
ticians and mechanic specialists may increase
faster than the employment of all-round
mechanics.

Gains in efficiency resulting from laborsaving
devices will be offset to some extent by increased
maintenance requirements stemming from the
trend toward greater complexityin motor vehicles.
During the next decade, a growing proportion of
the automobiles in use are expecta to be equipped
with air-conditioners, power steering, crankcase
and exhaust emission control devices, and other
items which add to maintenance requirements,
thus increasing the need for mechanics. However,
increased complexity will not always be accom-
panied by greater maintenance requirements. For
example, a slight reduction in unit maintenance
requirements for trucks will probably result from
the more widespread use of diesel engines. Die-
sels are more complex mechanisms than the gaso-
line engines they replace, but generally require less
maintenance.
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Bakers
Effects of Technological Developments on

Future Employment

Employment requirements for skilled bakers are
expected to continue to be adversely affected by
laborsaving technological developments that will
make it possible to increase output with fewer
w orkers.

The automation of bread production through the
continuous mix process virtually eliminates man-
ual operations in the production of this product
and increases production capacity. The continu-
ous mix process involves the use of mechanical and
electronic devices that mix the ingredients, knead
the dough and extrude it into loaves or rolls, carry
it through proofing chambers and ovens to the
depanning equipment, and to the automatic wrap-
ping machine.

Employment requirements for bakers producing
such specialty products as French bread, club rolls,
etc., will probably be reduced because of the in-
creasing use of mechanical production devices that
require a minimum of direct labor. Using new
equipment, the production of these specialty
breads can be doubl ed and tripled with half the
number of workers formerly required.

The growing use of freezing processes makes it
possible to increase production without danger of
spoilage. This makes it possible to eliminate sec-
ond and third shifts. The use of freezing proc-
esses also increases the distribution area and
contributes to the decrease in the number of estab-
lishments necessary to serve an area.

Employment Trends

Total employment of bakers decreased from
about 115,000 in 1950 to about 105,000 in 1964, a
decline of approximately 9 percent. Factors that

icontributed to the decrease n employment require-
ments in this occupation included the increas
mechanization of bakery production processes an
the decrease in total number of establishments in
the baking industry."

A substantial proportion of skilled bakers,
nearly 7 of every 10, were estimated to be employed
in the bakery industry in 1964. Nearly 1 of every
4 worked in retail bakeries that produce their own
baked goods. The remainder were employed in
establishments such as schools, hospitals, hotels,
and restaurants.

Employment requirements for bakers are ex-
pected to decrease about 10 percent between 1964
and 1975 primarily because of reduced manpower
requirements in mdustrial bakeries. The pro-
jected decrease is based on an anticipated rise
m the use of highly mechanized processing equip-
ment and increasing use of freezing processes.
Since these technological developments are best
utilized in large establishments, and the bakery in-
dustry is characterized by a large number of small
establishments, it is anticipated that the total num-
ber of establishments also will continue to decrease.
For example, between 1958 and 19639 the total
number of industrial bakeries producing bread
and related products declined by approximately
15 percent.

7In contrast to the decline in establishments in the baking
industry, bake shops, classified in retail trade, which employ a
substantial number of bakers, remained relatively stable between
1950 and 1964.
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Business Machine Servicemen
machines, and mailing Lila duplicating equipment.
In addition to greater numbers of machines, many
technical changes in long-established types of busi-
ness machines have increased the need for service-
men. For example, electrically driven mechanical
equipment (which requires more maintenance),
including electric typewriters and adding ma-
chines, is rapidly taking the place of nonelectrical
mechanical machines.

In 1965, there were an estimated 25,000 type-
writer servicem en, 16,000 electronic data-process-
ing equipment serviceman, 2,000 dictating machine
servicemen, 5,000 duplicating and copying ma-
chine servicemen, and 5,000 calculating machine
servicemen. In recent years, the number of dic-
tating machine servicemen, cluplicatineand copy-
ing machine servicemen, and data-processing

Employment Trends

It is estimated that employment of business
machine servicemen more than doubled during the
post-World War II period, reaching about 70,000
m 1964. The growing employment of servicemen
has been due to increasing use of many types of
office machines to do all kinds of clerical work in
our expanding commercial and industrial estab-
lishments. Ad.ditional business machine service-
men were employed to maintain and service
increasing numbers of office machines used for cor-
respondence, for recording and processing trans-
actions, and for duplicating and mailing informa-
tion. Equipment used for these purposes includes
typewriters, adding and calculating machines, cash
registers, electronic computers and other data-
processing devices, dictating and transcribing
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equipment servicemen has grown fastest and cal-
culating machine servicemen slowest.

Employment of business machine servicemen de-
pends on machine population, intensity of machine
use, and the complexity of the various types of
machines and their service requirements.

Employment requirements for business machine
servicemen are expected to rise by fifty percent
between 1964 and 1975, reaching about 105,000.
Those business machine service occupations ex-
pected to grow fastest are typewriter service-
men, adding machine servicemen, data-processing
equipment servicemen, and duplicating and copy-
ing machine servicemen. Those occupations in
which employment is expected to grow less rapidly
are calculator servicemen, servicemen of postage
and mailing equipment, and cash register service-
men.

Effects of Technological Developments on
Future Employment

Continued technological improvements in office
equipment are expected to stimulate the demand
for business machines and thereby increase over-
all requirements for business machine servicemen.
The development of new types of business ma-
chines and the technological improvements in ex-
isting lines of equipment can be expected not only
to increase the demand for skilled servicemen but
also to affect changing skill requirements in exist-
ing positions.

The widespread innovations in business equip-
ment will affect employment and job requirements
of servicemen in many 13ranches of the occupation.
For example, the demand created by the recent
introduction of a broad range of electrostatic proc-
ess copiers and the improvements in other copying

and duplicating processes will increase employ-
ment and raise skill requirements for servicemen
in this field. The development of new microfilmed
information storage systems with rapid retrieval
and automatic print-out features will require serv-
icemen with a knowledge of photographic proc-
esses and skills to maintain electromechanical
assembly, and control devices. The broadening
application of computer technolo.gy to business ac-
counting and control functions (E.D.P.) in vir-
tually every industry will increase employment
requirements for service personnel with electronic,
as well as electromechanical, knowledge and skills.

Technological innovations also are affecting con-
siderable change in the servicing of equipment
long established for office and business use. The
continuing replacement of manual with electric
typewriters will force many, typewriter servicemen
to acguire new skills or yield advancement oppor-
tunities to younger men trained to service this
electromechanical equipment. The growing use
of more complex cash registers ; electronic calcu-
lators and accounting machines ; and integrated
postage, addressing, folding, and mailing ma-
chines all tend to mcrease employment require-
ments but place greater emphasis on more highly
trained servicemen.

Tempering this optimistic outlook are develop-
ments which may dampen the overall upward surge
in employment requirements. The trend to solid
state and microcircuit electronic components, and
to plug-in modular units and printed circuits will
reduce failures and simplify replacement in elec-
tronic computers, accounting machines, and dic-
tating and transcribing equipment. In addition,
improved tools and testing devices for diagnosing
machine breakdowns may reduce time and effort
required to service business machines.

Carpenters (Construction Industry)

Employment Trends

Carpenters in the construction industry declined
from about 839,000 in 1950 to 6402000 in 1964, but
remained the largest group of skilled workers in
the construction mdustry. 'This decline can be at-
tributed in part to the growing use of prefabri-
cated building components and the increasing effi-
ciency of tools and equipment, both of which in-
creased the value of construction put in place per
worker.

Employment requirements for carpenters 'are ex-
pected to rise to about 670,000 in 1975. The pro-
jected increase in requirements for carpenters is
based on an anticipated rapid increase in construc-
tion activity, particularly residential building
where a high proportion of the labor requirements

are for carpenters.77 The factors that are expected
to stimulate construction activity include large in-
creases in population and in the number of house-
holds, higher levels of personal and corporate in-
come, rising expendlitures for new industrial and
commercial facilities, a continuing shift of fami-
lies from cities to the suburbs, and increases in gov-
ernment expenditures for highways and schools.

Effects of Technological Developments on
Future Employment

The increase in carpenter employment through
the mid-1970's will not be as great in construction

" Almost 85 percent of all on-site labor on single family houses
h performed by carpenters, according to a Bureau of Labor Sta-
tistics' study.
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activitT, because of technological developments
that will increase the real value of construction
put in place per carpenter, or reduce the demand
for carpentry, work. For example, an increase is
expected in the use of building components that
are prepared off site. These components, which
incluoie wall panels, door frames, windows and
frames, trusses, gables, roofs, floors, partitions, and
stairs, are designed for easy and speedy installa-
tion. Walls and partitions are lifted into place in
one operation, sometimes by workers other than
carpenters. Beams and, in some instances, roof
assemblies are lifted into place by cranes. With
the standardization of prefabricated components,
the use of such materials will increase further.

More widespread use of improved tools and
equipment will increase the efficiency of carpenters.
Such products include new types of nails that have
improved holding properties ; hence, fewer nails
and less hammering are required. Power tools in
use include stud, drivers, screw drivers, sanders,
saws, staplers, and nailing machines. One rela-
tively new power tool can drill and nail in one
operation. New types of scaffolding are in use
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that are easier to erect, safer to use, and easier to
adapt to varying construction situations.

Employment of carpenters also will be affected
by the increased use of construction materials and
techniques that reduce the amount of carpentry
work required in building construction. F'or ex-
ample, steel framing, already used in many com-
mercial buildings may be used increasingly in
houses. When houses are framed with steel, the
use of curtain wall panels, which can be quickly
fastened into place, is possible. Curtain wall
panels may reduce the need for carpenters because
they are available in nonwood materials, such as
glass, aluminum, and porcelain-coated steel, which
can be installed by craftsmen other than ca en-
ters. In addition, the use of plastics in building
construction is in its infancy, but plastic siding,
curtain walls, partitions, roofing, ornamental
screening, and insulation materials are already
being used. Under development are foam plastic
roofs and even entire houses of plastic that can be
constructed on site. Also, the use of strong ad-
hesives in place of conventional fasteners is ex-
pected to increase, reducing the time needed to join
pieces of wood and other materials.

Cement and Concrete Finishers and Terrazzo Workers (Construction
Industry)

Employment Trends

Employment of cement and concrete finishers
and terrazzo workers in the construction industry
totaled approximately 54,000 in 1964, more than
two-thirds higher than estimated employment in
1950. This rapid increase resulted primarily from
an increase in construction activity and a growing
use of concrete and concreteproducts.

Manpower requirements for cement and concrete
finishers are expected to be nearly 75,000 in 1975,
almost two-fifths higher than in 1964. Require-
ments are expected to rise because of an antici-
pated rapid increase in construction activity,
especially highway, industrial, and commercial
construction.

The increase in construction activity will con-
tinue to be accompanied by a growing use of con-
crete products, especially prestressed concrete and
lightweight concrete wall panels. Prestressed con-
crete makes possible wide spans where column-free
construction is desired. The use of prestressed
concrete allows artistic yet functional designs.
Fire- and weather-resistant lightweight concrete
wall panels, available in different finishes, colors,
and designs are being used increasingly in non-
load-bearing walls. These panels can be speedily
fastened into place, in some instances allowing the
building to be dismantled and re-erected elsewhere.

The use of concrete and concrete products has ex-
panded to include thin-shell dome roofs2 ornamen-
tal grillwork, and slab and arch roofs m residen-
tial buildings; and girders, columns, piles, and
beams for bridges. In addition, concrete can now
be placed during cold weather by using heated,
temporary shelters ni ade of sheet plastics.

Requirements for terrazzo workers are expected
to increase very rapidly through the mid-1970's,
especially in Florida and California and other
warm regions of the country, where concrete floor-
ing is often necessary to prevent insect damage.
Because terrazzo is durable and attractive, the
number of terrazzo installations is expected to
continue to increase rapidly. Growth of the trade
also will be stimulated by the use of new materials,
especially epoxy and latex terrazzo, which are
lighter and take less space than cement-based ter-
razzo and can be used on the upper floors of
multistoried buildings. A small number of skilled
terrazzo workers have been recruited from abroad
to meet shortages of such craftsmen in some areas.

Effects of Technological Developments on
Future Employment

The more widespread use of relatively new tech-
nological developments is expected to limit the
growth of manpower requirements in this °coupe-
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tion. For example, many concrete products can
be precast away from the construction site and
these products usually do not require finishing.
Concrete slabs for floors, walls, and roofs can he
processed at ground level and raised into place
by synchronized hydraulic jacks or cranes. For
certain jobs, concrete can be applied pneumatically
through hoses. In addition, glass-fiber-reinforced
plastic forms provide a smooth concrete surface,
thus eliminating rubbing and patching work.

Steel and plastic-covered wood forms are now
available that can be reused many times. Adhe-
sives are available that reduce the need for bolts
and other types of fasteners. Output per worker
has been increased by the introduction in recent
years of new machines, including powered concrete
conveyors and wheelbarrows, portable powered
screeds, electric concrete vibrators, joint forming
machines, powered concrete cutting saws, and
cement-finishing machines.

Compositors and Typesetters

Employment Trends

Employment of compositors and typesetters in-
creased slightly between 1950 and 1964from
about 173,000 to about 180,000, while production
in the printing and publishing industry rose by
more than 50 percent. Employment growth was
limited by the increasing use of technological in

i
-

novations n typesetting equipment and processes.
Compositors and typesetters make up the largest

group of skilled printing craft workers. About
four-fifths of all these craftsmen were employed in
the printing industry in 1964. Others were em-
ployed in paper and allied products establish-
ments; in wholesale and retail trade in finance,
insurance, and real estate and in government.
Despite significant increases in production, em-
ployment requirements for compositors and type-
setters are expected to decline to about 155,000
workers in 1975, because of the increasing applica-
tion of laborsaving devices.

Effects of Technological Developments on
Future Employment

Severol major technological developments are
expected to affect the demand for compositors and
typesetters during the 196445 decade. The in-
creasing use of automatically operated typesetting
equipment will make it possible to double and even
triple the volume of type that can be set by each
worker. A tape-operated typesetting machine
can set up to four newspaper columns of type an
hour, compared to one column an hour set on a
manually operated machine. The recent applica-
tion of electronic computers to the typesetting
process will make it possible to set type even faster.
Through the use of programed computers, typists
who do not have to concentrate on spacing lines of
copy or hyphenating words can perforate an un-
broken stream of words and letters on the tapes.
These tapes are fed into a computer that produces
a second tape on which words have been automati-

cally grouped to form a column of print with uni-
form right-hand margins. By consulting a "dic-
tionary" stored in its memory unit, the computer
can properly hyphenate words when necessary to
fill out the lines. The computer also adds the code
symbols to activate the typesetting machines. Be-
cause the tape perforating machines have key-
boards similar to those of typewriters, typesetters
who shift to this operation must have or acquire
typing skills. However, with the addition of a
computer to the typesetting process, typists can be
substituted for typesetting operators thus reduc-
iw. the number of these skilled workers required.

Employment of compositors and typesetters also
will be affected by more widespread use of photo-
composition in place of metal type. In conven-
tional typesetting and composition, lines of words
are molded into blocks of metal. These blocks or
"slugs," together with illustrative materials in the
form of cuts or photoengravings, are arranged in
frames to form pages. Arranging the metal type
and illustrative materials is a time-consuming
process, and one which requires knowledge of the
use of gages and mitering equipment. In photo-
composition, the metal type is replaced by strips
of film of the printed matter that are developed
and pasted on sheets of layout paper together with
pictures or other illustrations. These sheets are
photographed and metal engravings are made
from the negatives for letterpress printing. The
assembling of photocomposition materials is easier
and faster than the assembling of metal type, and
fewer workers are required to produce the same
amount of composition. Although the use of
photocomposition equipment requires some photo-
graphic skills, and some of the compositors work-
ing on phototypesetting materials must learn to
operate cameras, the general skill level required
is less than that needed to set up metal type. The
most recent photocomposition equipment not only
set lines of type, but also assembles complete pages
of advertising copy, thus eliminating the need for
the pasteup operation.
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Electricians
(Construction Industry)

Employment Trends

Estimated employment of electricians in the
construction industry rose from about 112,000 in
1950 to approximatay 162,000 in 1964, an increase
of about 44 percent. In recent years, however, the
rate of employment growth has slowed because of
the increasing use of laborsaving technological
innovations.

Employment requirements for electricians are
expected to increase to approximately 200,000 in
1975, nearly one-fourth above the 1964 employ-
ment level. Requirements for electricians are
expected to increase because of a rapid expansion
m construction activity resulting primarily from
rising population, family formations, and per-
sonal and corporate income. Increased require-
ments for electric outlets, switches, and wiring
in homes are expected in order to accommodate
the increasing use of appliances and air-condi-
tioning systems. In addition, more extensive
wiring systems will be needed for the installation
of electronic data processing equipment and elec-
trical control devices being used increasingly in
commerce and industzy. Also, the number of
"all-electric" homes and the use of outdoor radiant
heating and snow and ice-melting systems are
expected to increase.
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Effects of Technological Developments on
Future Employment

Technological developments are expected to
limit manpower requirements in this trade. A
major development that is increasing output per
worker is the prefabrication of electrical equip-
ment. For example, conductors are now factory
assembled into flexible armored cable, which is
laid in cable trays at the construction site, thus
eliminating the need to run conduit, and to pull
conductors through it. Switchboxes and switch-
boards, which formerly had to be wired on site,
now are preassembled at the factory. "Packaged"
(preassembled and prewired) ceiling units that the
electrician connects th the power source eliminate
the need to wire the complete system and install
the individual fixtures. 1.n addition, the installa-
tion of "luminous" ceilings is increasing. The use
of these ceilings reduces the need for individual
feeders to fixtures; however, some additional work
is required in installing louvres.

Improved tools and equipment being used in-
creasmgly by electricians mclude more efficient
conduit benders ; multiple spindle drills; cordless
electric drills, saws, and other tools; and "kits"
of splicing materials that have reduced the time
needed to do field insulation of cable splices.

Excavating, Grading, and Road Machinery Operators
(Construction Industry)

Employment Trends

Estimated employment of excavating, grading,
and road machinery operators in the construction
industry more than doubled between 1950 and
1964, reaching nearly 185,0.00. This rapid increase
was spurred by increases in construction activity,
especially in highway construction. In response
to the demand for better methods to facilitate ex-
pansion of activity, many new types of excavating,
grading, and road machinery were introduced dur-
ing this period.

Manpower requirements for operators are ex-
pected to increase to approximately 265,000 in
1975, more than two-fifths above the 1964 level.
The projected increase in requirements for these
skillecl workers is based on an anticipated rapid
increase in construction activity, particularly high-
way construction. The need to maintain and re-
pair the Nation's expanding system of highways

also will increase requirements for these workers.
In addition, the trend toward greater use of con-
struction machinery is expected to continue.
More specialized and complex machines, particu-
larly those used in earth moving, as well as smaller
machines suitable for small construction projects,
are being developed and are expected to be used
increasingly.

Effects of Technological Developments on
Future Employment

Technological developments are expected to
limit the growth in employment requirements for
excavating, grading, and road machinery opera-
tors. The size, speed, mobility, and durability
of construction equipment are being increased.
For example, earth-moving machines now move
many times the amount of material that could
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be moved by the largest machine in use a
few years ago: but still require only one operator.
Scrapers are in operation that can scoop up and
carry from 50 to 150 cubic yards of dirt in one
load. Redesign of equipment, including machin-
ery components has reduced breakdowns and im-
proved maintenance efficiency. Many of the new
machines are equipped with automatic lubricating
systems, power steering: power transmissions, rub-
ber tires, and electronic and hydraulic controls,
which make them easier to handle, more maneu-
verable, and faster than the older equipment.

In addition to improvements in conventional
equipment, many types of machines developed in
recent years are expected to gain widespread use
in the future. An example of such a machine is
the slip-form paver, which spreads, vibrates,
forms, and finighes concrete paving in one con-
tinuous operation. The slip-form paver replaces
at least four other machines formerly used in con-
crete paving.. This machine, aided by highly effi-
cient central mixing plants, promises to further
increase the efficiency of highway paving opera-
tions. Another machine that has recently been

developed to perform a special job is a pipelaying
machine that digs the trenches, lowers the pipe,
and fills the trench after the pipe is laid. Auto-
matic controls also have become more widespread
and are being used increasingly in road machine7.
For example, the use of electronic grade
controls on highway-paving equipment results in
smoother pavements and a greater efficiency of the
paving operation in general.

Although the increasing use of new and im-
proved machines is expected to decrease unit labor
requirements for skilled operators, the develop-
ment of special-purpose machines designed to per-
form jobs for which machines are not now avail-
able, especially those designed specifically for use
on smaller construction projects, is expected to
stimulate employment requirements for these
workers.

There will be greater requirements for heavy
equipment mechanics to keep the expanding num-
ber of machines in good working order. How-
ever, the need for construction laborers will be
reduced as machines are used increasingly to per-
form jobs now performed manually.

Machinists

Employment Trends

Eanployment of machinists 78 remained rela-
tively stable between 1950 and 1960at an esti-
mated level of slightly below half a million. After
1960, employment declined somewhat, falling to
about 480,000 in 1964. The decline in the employ-
ment of machinists occurred despite a substantial
expansion in machining activity. For example,
output increased by almost 88 percent in the ma-
chinery industry between 1950 and 1964.

Among the major factors that reduced require-
ments for machinists were the replacement of
skilled machinists by less highly skilled machine
operators, the use of automatic transfer equipment
that reduced requirements for setup and layout
men, increased power and speed of conventional
machine tools, and the introduction of numerically
controlled machine tools. In addition, advances
in instrumentation and automatic inspecting
equipment have tended to reduce the requirements
for machinists employed as inspectors hi metal-
working industries.

Almost every factory using a substantial amount
of machinery employs machinists to keep its
mechanical equipment in operating order. Some
machinists work in the production departments

" Mac hi n sts, as defined for the purpose of this report, include
workers in a variety of related occupations. For example, job
setters, machine adjustors, bench hands, instrument makers, lay-
out men, maintenance machinists, and inspectors (machine shops)
are classified under the broad heading of machinists.

of metalworking establishments where large quan-
tities of identical parts are produced ; others work
in job shops where a limited number of various
products are made. Most machinists work in the
machinery, electrical equipment, transportation
equipment, fabricated metal products, and pri-
mary metals industries. Other industries employ-
ing substantial numbers of machinists are the
railroad, chemical, food-processing, and textile
industries.

Employment requirements for machinists are
expected to increase slightly between 1964 and
1975, from an estimated 480,000 to about 500,000
workers. The anticipated increase in the use of
numerically controlled machine tools and other
ne w metal working nythods should restrict em-
ployment requirement for machinists, despite an
anticipated rapid growth in metalworking activi-
ties. Population expansion and increasmg per-
sonal disposable income are expected to result in a
rapid increase in purchases of consumer products
such as automobiles, heating and air-conditioning
units, and home appliances produced in metal-
working industries. Expanding business and
consumer demand should result m higher expen-
ditures on new industrial plant capacity and stim-
ulate orders for industrial machinery, machine
tools, materials handling equipment, engines, in-
struments, and other products manufactured in the
metalworking industries. In addition, expanded
activity in the construction industry is expected to
stimulate the demand for construction machinery.
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Effects of Technological Developments on
Future Employwent

Employment requirements for machinists will
be restricted by the expanding use of nu-
merically controlled machine tools. Numerical
control constitutes a key technological develop-
ment in the evolution of machine tools. Previous
changes largely involved improvements in speed,
power, and specialization of- machine tools. Nu-
merical control of machine tools, on the other
hand, is a technique of automatic machine opera-
tion by means of coded instructions provided by
magnetic or paper tapes. It constitutes a tech-
nique for reducing unit labor requirements below
those required by conventional machine tools.

Numerical control is expected to have different
effects on various types of machinists. The use of
numerically controlled machine tools significantly
reduces tooling and setup time because of the sub-
stitution of tape controls for many conventional
jigs and fixtures. This aspect of numerical control
will reduce the requirements for machinists who
are employed as job setters. Since numerical con-
trol results in more accurate machining, the time
needed to inspect finished parts is reduced sub-
stantially, resulting in limited employment re-
quirements for machinists employed as inspectors.
The expanded use of numerical control also will
limit the need for production machinists employed
both in job shops and in machining departments

"11)111944,,VIIIN
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of other metalworking establishments that manu-
facture a wide variety of different metal j?arts.

Employment cf machinists also could be ad-
versely affected by the increased use of computers
and numerically controlled equipment in design-
ing parts, eliminating some of the requirements for
layout men (machinists), particularly in the
automotive ind.ustry. Since some highly skilled
machinists are employed in metalworking repair
shops and research and development laboratories
where numerical control is less likely to be used
extensively, the impact of this technology on the
employment of these machinists may be limited.

Numerical control also will tend to change, to
some degree, the job content and skill requirements
for some maintenance machinists. Numerically
controlled equipment is composed of complex me-
chanical, hydraulic, and electronic systems. De-
pending on company practice, some maintenance
machinists may be required to have an understand-
ing of electronics in order to service both the
machine tool and the control system.

Other new metal-removing processes are in use
or under development that remove metal without
the use of a cutting tool. The more important
techniques include chemical machining, electro-
lytic machining, electrical discharge machining,
and laser beam machining. However, since these
techniques are now in their development stages or
in limited use, their impact on employment re-
quirements for machinists is not yet clear.

Painters (Construction Industry)

Employment Trends

Estimated employment of painters in the con-
struction industry decreased by 15 percent between
1950 and 1964, from 335,000 to 285,000. Much of
this decrease in employment was due to the increas-
ing use of paints that required little or no mixing,
and spray guns and rollers that permitted faster
application of paints even by inexperienced work-
ers. In addition, the growing use of aluminum
and other building products that often require no
painting adversely affected employment needs.

Employment requirements for painters are ex-
pected to rise by about 8 percent between 1964 and
1975, to about 305,000, reversing the 1950-64 em-
ployment trend. The expected increase in require-
ments for painters will result mainly from the
increase in construction activity, including mainte-
nance work. In addition, the development of
paints that are heat, abrasion, and corrosion
resistant should expand the market for paints and
the demand for painters. Although technological
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innovations will continue to limit employment of
painters, the major impact of some important
developments including ready-mixed paints, roll-
ers, and2 to some extent, spray guns has already
occurred.

Effects of Technological Developments on
Future Employment

Technological developments are expected to
continue to limit manpower requirements in this
trade. One major development that will limit the
demand for painters is the increasing use of wood
products that are finished with a prime coat and
even a final coat before they leave the factory, thus
reducing onsite painting. Within the next 10
years, as mu 1 as 50 percent of all wood products
for exterior application reportedly will be pre-
primed and possibly prefinished. The use of glass,
aluminum, and other building products that
often require no painting is expected to continue
increasing through the mid-1970's. In addition,
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new paints are being introduced that promise to
have clouble the "life" of ordinary paints.

However, the development of paints with im-
mense heat-resistant qualities, that are abrasion

or corrosion resistant, and that are resistant to
acids, alkalies1 and other chemicals should lead to
new applications for paints and additional jobs
for painters.

Plumbers and Pipefitters (Construction Industry)

Employment Trends

Estimated employment of plumbers and pipe-
fitters in the construction industry increased by 7
percent between 1950 and 1964, from about 198,000
to 212,000. Most of this increase can be attributed
to growth in new construction activity.

Employment requirements for plumbers and
pipefitters are expected to increase to approxi-
mately 265,000 in 1975, 25 percent above the 1964
employment level. Requirements are expected to
rise because of an anticipated rapid expansion in
construction activity, resulting primarily from
rising population, family formations, and p)ersonal
and corporate income. In addition, plumbing and
heating work is expected to become more impor-
tant in many types of construction. For example,
the trend toward more bathrooms per dwelling
unit is likely to continue. The installation of large
appliances such as washing machines, dishwashers,
and waste-disposal units will become more wide-
spread. Also, an increase in the number of auto-
matic heating systems is anticipated.

The demand for industrial installation work
also will rise because pipework is becoming more
important in many industries. For example, the
chemical and petroleum industries, which use ex-
tensive pipework in their processing activities, are
continuing to expand their facilities. In addition,
the growing number of industrial activities asso-
ciated with atomic energy and the increased use
of industrial refrigeration and air-conditioning
equipment should result in more work for
plumbers and pipefitters.

Effects of Technological Developments on
Future Employment

Technological developments are expected to
limit growth in employment requirements for
plumbers and pipefitters. A major development
that is increasing the efficiency of plumbing and
pipefitting work is the prefabrication of plumbing
components. For example prefabricateci plumb-
ing assemblies such as pIum,bing "trees" are avail-
able from manufacturers. These preassembled
components include elbows, caps, T's, Y's and ell's
made of cast iron, copper, prastic, or gllvanized
steel. Such a system can lie installed as one unit,
thereby reducing the amount of onsite plumbing
required. Packaged gas vents also are available.
Vent pipe sections are being produced in stand-
ardizeci lengths that can be fastened together by
locking-joint bands, thus eliminating cementing
operations. In addition, some builders are pre-
assembling their own waste, vent, and other sys-
tem components. Well-equipped shops are being
set up near the worksite where such work is per-
formed by the employer's regular crew, often dur-
ing times of inclement weather or other "slow"
periods.

Improved materials also will increase construc-
tion put in place per plumber or pipefitter. For
example, plastic piping is being used for a
wide variety of plumbing operations including
waste, sewers vents, and cold water service. Plas-
tic piping is light in weight, durable, easily joined
with solvent, and plumbing "trees" made of this
material can be easily handled by one man.

Stationary Engineers

Employment Trends

Employment of stationary engineers increased
by almost one-fifth between 1950 and 1964, rising
from about 215,000 to more than 255,000. This in-
crease reflected the growing use of large stationary
boilers, refrigeration and air-conditioning equip-
ment, turbines, diesel and natural gas engines,
pumps, compressors, and other equipment operated
and maintained by these workers.

Almost one-half of all stationary engineers are

employed in manufacturing industries, mainly in
establishments producing electrical machinery,
fabricated metals, food and kindred products, pe-
troleum and coal products, and machinery (except
electrical). Gas and electric utility firms, mines,
and Federal, State, and local governments also

r. employ large numbers of stationary engineers.
Employment requirements for stationary engi-

neets are expected to rise by almost 8 percent
between 1964 and 1975, to about 275,000. The in-
crease in requirements for stationary engineers
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will result primarily from expansion of industrial,
commercial, and governmental facilities that re-
quire the type of equipment these workers operate
and maintam. The continued growth of pipeline
transportation and saline water conversion also is
expected to be a positive factor.

Effects of Technological Developments on
Future Employment

Although the need for stationary engineers is
expected to increase during the next decade, the
growing application of technological develop-
ments will likely slow the rate of increase. Some
of the major technological developments that are
expected to offset the increased demand for sta-
tionary engineers are the growing use of larger
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equipment, centralized control panels, and auto-
matic control systems.

The use of larger boilers, pumps, compressors,
and other equipment makes it possible to increase
capacity without corresponding increases in the
number of stationary engineers. Increased use of
centralized control panels in large establislunents
should increitse the efficiency of stationary engi-
neers. In a growing number of establishments,
centralized control panels will be used in conjunc-
tion with closed-circuit television-monitoring sys-
tems, thus reducing the need for onsite observation
of equipment. Automatic control systems

'
which

regulate levers, throttles, valves, and other devices
previously regulated by hand, also will increase
the efficiency of stationary engineers.

Television and Radio Service Technicians

Employment Trends

Employment of television and radio service
technicians increased from about 75,000 in 1950 to
an estimated 110,000 in 1964. This increase can
be attributed largely to the tremendous growth in
the Nation's stock of televisions and other con-
sumer electronic products. This growing use of
home electronic products, in turn, was the result of
rising levels of consumer income and the introduc-
tion of new and improved products. The number
of households with television sets increased from
less than a half million in 1947 to over 50 million
in 1964.

About three-fourths of all television and radio
service technicians, including the one-third who
are self-employed, work in independent service
shops or in retail stores that sell and service tele-
vision receivers, radios, and other electronic equip-
ment. Other service technicians are employed in
a variety of industries, including government,
electrical machinery manufacturing, and whole-
sale trade ; however, less than 10 percent of these
service technicians are employed in any one
industry.

Employment requirements for television and
radio service technicians are expected to rise by
more than 25 percent between 1964 and 1975: to
about 140,000. The projected increase in require-
ments for these service technicians is based on an
anticipated rapid increase in the number of con-
sumer electronic products in use during the decade
ahead. The number of households with two or
more television receivers is expected to increase
significantly because of the growing demand for
color and lightweight, portable, television receiv-
ers. Demand is expected to increase for other

consumer electronics products such as stereo-
phonic radios and phonographs, AMFM radios,
and portable transistor radios. Relatively new
consumer products, such as home video-tape re-
corders, also should stimulate the need for addi-
tional service technicians. The factors expected
to stimulate this growth in the use of home elec-
tronic products include large increases in popula-
tion and in the number of households and lugher
levels of personal income. In addition: there
should be a growing demand for nonentertamment
electronic products, such as closed-circuit television
to monitor production processes in manufacturing
plants and to bring esiucational programs into
classrooms.

Effects of Technological Developments on
Future Employment

Employment requirements for television and
radio service technicians are expected to increase
somewhat slower than the stock of consumer elec-
tronic products because of technological improve-
ments in these products that will tend to reduce the
amount of service the equipment requires. Such
changes as the replacement of tubes with transis-
tors use of printed circuit boards instead of hand-
wired chassist and solid-state amplifiers to replace
amplifiers using vacuum tubes have lengthened
the period of time a product may' be operated with-
out requiring servicm.g. However, such changes,
as well as the increasing miniaturization of com-
ponents, mean that many of the newer products
are more complex and require greater care, skill,
and technical knowledge on the part of the service
technician in order to repair them when something
goes wrong. No longer is it a simple matter of
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testing the tubes in a television set and replacing
the defective ones when the receiver operates im-
properly.

The stock of consumer electronic products is ex-
pected to continue to grow in complexity as new
products, particularly color television, gain great-
er consumer acceptance. At present, a color tele-
vision set is the most complex consumer electronic
product ever developed. Other new products,
such as the home video-tape recorder and home

and commercial appliances utilizing microelec-
tronic techniques, also utilize developments result-
ing from the rapid changes occurring in electronics
technology, and can be expected to exert a strong
influence on the skill requirements of television
and radio service technicians. As a result, techni-
cians will be required to keep abreast of technolog-
ical developments in the electronics field in order
to retain a place in the highly competitive televi-
sion and radio servicing industry.



Operatives

Employment Trends

Employment of operatives increased about 5
percent between 1947 and 1964, rising from 12.8
million to 12.9 million. Employment fluctuated
between 11.8 million and 12.8 million in the decade
following World War II, but in 1958, the number
of operatives declined to 11.4 million and remained
between 11 million and 12 million for the next
3 years. Since 1961, however, there have been
significant increases in employment of these work-
ers, primarily reflecting the substantial incroases
in employment in manufacturing, in which large
numbers of operatives are employed. In 1964, em-
ployment of operatives was 12.9 million, the high-
est number on record.

In 1964 an estimated 6 out of every 10 operatives
were eqoyed in manufacturing. About 40 per-
cent of t e operatives in manufacturing were em-
ployed in the following occupational categories :
Assemblers ; checkers, examiners, and inspectors ;
drivers and deliverymen ; filers, grinders, and pol-
ishers ; packers and wrappers; sewers and stitch-
ers ; welders and flame cutters; and production
painters. Each of these occupational categories
had more than 100,000 workers, and four of them
assemblers ; checkers, examiners, and inspectors ;
sewers and stitchers; and drivers and delivery-
menhad more than 500,000 workers each. The
largest group of operatives outside of manufactur-
ing were employed as drivers and deliverymen,
numbering over 1.5 million workers. Many opera-
tive jobs are peculiar to particular industries; for
example, almost all sewers and stitchers were em-
ployed in the apparel industry. On the other
hand, some occupations, such as truck and tractor
drivers, were distributed throughout all industries.

Employment trends among the individual oc-
cupations within the operatives group varied con-
siderably, mainly reflecting the different rates of
growth of the industries in which the workers were
employed, but also as a result of the differing im-
pact of technological innovations. For example,
the increase in the number of assemblers and
checkers, examiners, and inspectors resulted from
the sharp growth experienced by the electrical
machinery mdustries, and the development and
widespread adoption of assembly-line production
techniques. The rapid decline in employment of

spinners and weavers reflected in large part the
relatively small increase in demand for textile mill
products and increased mechanization of spinninig
and weaving processes. Employment of truck-
drivers increased sharply, as a result of the marked
increase in the amount of freight carried by motor
trucks.

Despite continued technological advances, which
will adversely affect the demand for some opera-
tives, overall requirements for these workers are
expected to rise by 15 percent between 1964 and
1975, rising to 14.8 million in 1975. Increases in
production generated by rising population and
rapid economic growth, as well as a rising demand
for transport of goods by truck, are expected to
be the main factors bringing about the increased
requirements for operatives.

The rate of increase in requirements for the oc-
cupations within the overall operative group are
expected to differ considerably. Requirements for
assemblers are expected to increase relatively slow-
ly over the next decade, as technological develop-
ments such as automation adversely affect the need
for these workers. On the other hand, require-
ments for truckdrivers are expected to increase
rapidly, as the volume of freight carried in trucks
continues to increase.

Effects of Technological Developments on
Future Employment .

Technological innovations are expected to have
the greatest impact on operative jobs in manufac-
turing. The rising use in the production process
of mechanical devices and machines, such as auto-
matic conveyor systems and process control sys-
tems, is expected to reduce unit labor requirements
for operatives. The use of numerically controlled
machines for lathing, drilling, milling, and boring
of metal parts should limit the increase in require-
ments for machine tool operators. On the other
hand, truck drivers are not expected to be signifi-
cantly affected by technological innovations, de-
spite the development of bigger trucks and better
highway systems. Some new jobs for operatives
will be created in industries which produce tech-
nological innovations, such as the instruments and
electrical equipment industry groups.
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Employme nt
tin 0001s)

1947 12, 274
1948 12, 396
19.49 11, 780
1950. 12, 146.
1951 - 12, 623
1952 12, 352 .

1953 12, 747
1954 12, 253
1955 12, 762
1956 12, 816
1957 12, 530
1958 11, 441
1959 11, 858
1960 .11, 986
1961 11, 762
1962 12, 041
1963 12, 506
1964 12, 924

EMPLOYMENT OF OPERATIVES, 1947-64
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Source: Bureau of Labor Statistics

Assemblers

.Employment Trends

Estimated emploTment of assemblers increased
from about 880,000 in 1950 to over 610,900 ill 1960.
Since 1960, employment in this occupational group
has increased less than 2- percent (to about 620,-
06)) despite a,substantial growth in prOduction in
the durable goods industries, where over 90 -per-
cent of all assemblers are employed. Probably the
major factor limiting employment growth of as-
semblers during the past several years has been
the increasing mechanization and automation of
assembly operations.

Assemblers make up one of the largest groups
of semiskilled workers. The great majority of all
aasemblers are employed in the production of
durable goods such as automobiles, aircraft, tele- .

vision anI radio receiving sets, camerast watches,
refrigerators and electrical motors. More than
40 percent oiall assemblers are women, the major-
ity of whom work in the electrical equipment,

157' '59 '61 '63 '65

machinery, and Suppliei industry. Large numbers
of women assemblers also are employed in the
fabricated metals, transportation equipment, and
instrument and related products induatnes.

In spite Of technological developments that will
make it possible to automate more.assembly opera-

, tions, awl new toolb designs that permit more than
one operation to be performed simultaneously, em-
ployznent of assemblers is expected to continue to
mcrease'because of the rapid groWth of the electri-
cal machinery and 'electronics. industries, where a
large proportion of these operators .are emplopla.
Between 1964 and 1975, employinent requirements
for assemblers are expected to increase by about
55,000, or 8 percent, to about 675,000.

Effects of Technological Developments on
Future Employment

Employnlent requirements for assemblers are
expected to mcreaseslowly, despite rapid increases
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in industrial production, because of continued em-
phasis on the mechanization of assembly opera-
tions. Factors expeated to hold down employment
requirements for assemblers include the increas-
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ing use of automated assembly lines ; new tools
designed to simplify assembly processes ; and prod-
uct adaptation such as the substituting of printed
electric circuits for manually wired products.

Inspectors

Employment Trends

Estimated employment of inspectors increased
from 332,000 in 1950 to 540,000 in 1964, an increase
of about 62 percent. Employment of inspectors
increased primarily as a result of the, widespread
adoption of assembly-line production processes
following World War II, ansi the rapid increases
in the output of most manufacturing industries.
For example, in the electrical machinery industry
group, small components of appliances, instru-
ments, and electronic devices were aszembled more
and more through division of the overall assembly
task into small operations performed by many dif-
ferent workers. As a result, inspectors were
needed for quality control at all stages of the pro-
duction process, mcluding the making up of sub-
assemblies and the final product assembly. In
addition the increased number and complexity of
'manufactured products required additional in-
spectors to assure adequate quality control.

Inspectors are employed in all manufacturing
industries. The machinery and electrical equip-
ment industry groups employed the largest num-
ber of inspectors, each with about one-fifth of the
total. Other large numbers were employed in the
transportation equipment, fabricated metal prod-
ucts, textile mill products, apparel, primary
metals, and stone, clay, and glass products
industry groups.

Employment requirements for inspectors are ex-
pected to reach to 615,000 in 1975a 1.3 percent
annual rate of increase compared with 3.6 percent
between 1950 and 1964. The increasing require-
ments are expected to "result from the anticipated

rapid rise in output in manufacturing industries
anti the increasing complexity of many manufac-
tured products. Employment growth of inspec-
tors will be tempered, however, by the increasing
use of devices to reduce inspection requirements
or to increase the efficiency of inspectors.

Effects of Technological Developments on
Future Employment

Technological developments are expected to af-
fect future requirements for inspectors in many
ways. Increasing use of sensing and feedback
instruments and controls in the processing of many
durable and nondurable products reduces inspec-
tion requirements considerably. Accuracy is con-
tinuously monitored by some equipment ; in some
instances, the equipment will automatically reject
products not up to specifications; in others, only
an occasional sample will require the close scrutiny
of 'an inspector. Although automation of assem-
bly operations is expected to increase in the years
ahead it most likely will not be accompanies:I by
the widespread automating of inspection func-
tions. In many, cases, such technological advances
may actually increase the need for inspectors,
mostly to look for and correct machinemade errors.
Furthermore, many inspection functions now in-
cluded among the duties of assemblers may be

itransferred to nspectors as the manually executed
functions associated with assembly of parts are
performed increasingly by mechanical devices.
Requirements for inspectors also may increase to
assure that the closer tolerances of parts required
by more complex equipment are met.

Machine Tool Operators

Employment Trends

Estimated employment of machine tool opera-
tors increased from 450,000 in 1954 to more than
500,000 in 1964, an increase of about 11 percent
over the 10-year period. The increased employ-
ment of machine tool operators resulted primarily
from the expansion of metalworking activity in
the automotive, machinery, fabricated metals, and
other metalworking industries during this peliod.
However, employment of machine tool operators

rose much less rapidly than output in these indus-
tries, as a result of the increased use of automatic
transfer equipment, and improvements in the
power, speed, and specialization of conventional
tools. Largely, because of such cumulative devel-
opments, machine tool productivity has increased
steadily. Numerically controlled machine tools
have gained increasing, although still limited, ac-
ceptance in the metalworking fields, resulting in
further increases in the efficiency of machine tool
operators.
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control is more continuous since the machine tool
operator does not .need to check and recheck his
work against blueprints ; (2) tool operations are
more uniform, since the operator need not slow up
as the work approaches completion ; (8) since the
use of numerical control results in more accurate
machining, less work has to be redoneagain in-
creasing the efficiency of machine tool operators;
(4) tooling and setupAime are significantly re-
duced because of the substitution of tape controls
for conventional jigs and fixtures.

Numerical control also will tend to change, to
some degree, the Content and skill roluirements
for some machine tooroperator jobs. Using a con-
ventional machine tool, some operators must set
up the machine, select the cutting veeds and feeds,
and.,Acontinually adjust the machine settings to
achieve specifications. With numerical control,
these duties are automatically carried out by coded
.tape instructions. The operator of a numerically
controlled machine tool is 'primarily responsible
for tending or watching the highly automatic
equipment as it goes through a series of operations.
If a malfunction occurs, the operator is normally
required to notify his supervisor, rather than Make
ad]ustments himself.

Employment requirements for machine tool op-
erators also may be reduced by the increased utili-
zation of automatic transfer equipment. Trans-
fer machines are multistation machines within
which the workpiece is automatically moved from
station to station. Separate machining operations
are usually performed automatically at each sta-
tion. However, the use of autoniatic transfer
equipment is economically feasible only in estab-
lishments producing large quantities of a stand-
ardized-product.

Improvements also are being made in the ma-
chinability of metals. For example, the machin-
ability of steel is improved by the addition of
elements such as nitrogen, sulfur, and lead. This
trend toward improved machinability of metals
is expected to continue, thereby increasing the
efficiency of machine tool operators by reducing
the "down time" of metalworking machinery.
Thus, despite the increase in overall metalworking
activities, the above-mentioned developments,
combined with the increased cutting speeds of con-
ventional machine tools, are expected to reduce em-
ployment requirements for machine 'tool operators.

The vast majority of machine tool operators are
employed in the metalworking industries, pri-
marily in the machinery, except elettrical; trans-
portation .equipment jabricated metal products;
and electrical machinery and equipment industries.
Skilled machine tool operators may work in job
shops, production departments, maintenance fie-
partments, and toolrooms.

During the 1964-75 period, employment require=
ments for machine tool operators are expected to
decline slightly, from 504000 to 480,000, as
laborsaving technological developments more
than offset the antic jpated expartkon in metal-
working activities. The substantial increases ex-
pected in population, in the number of households,
and in disposable income are expected to result
jn a rapid increase inthe demand for metal
consumer products such as automobiles_ , heating
and air-conditioning equipmefit, and household
appliances. Higher levels of corporate income
and rising eipenditures for industrial plant capac-
ity should stimulate thte demand for machinery,
machine tools, engines, materials-handling equip-
ment, instruments, and other machined products.
In addition, expanded activity in the construction
industry is expected to increase the demands for
construction machinery: Despite this anticipated
expansion of metalworking activities, employment
requirements fot machine tool operators are ex-
pected to decline because of technological develop-
ments that will increase significantly the efficiency
of machine tool operators.

Effects of Technological Developments on
Puture Employment

Employment requirements for machine tool op-
erators are expected to be adversely affected by
the expanded use of numerically controlled Ma-
chine tools and other laborsaving technological
developments. Numerical control of macline
tools constitutes a key technological development
in the evolution of machine tools. Previous
changes in machine tools largely involved improve-
ments in power

,
speed, and specialization of ma-

chine tools. Bu t, numerical control provides for
the mechanized control of machine tools by means
of electronic devices and changeable tapes on
which directions have been punched. It consti-
tutes a technique for significantly reducing unit
labor requirements in many ways : (1) Numerical



Employment Trends

Laborers, Except Farm and Mine

Employment of laborers increased from 3.5 mil-
lion in 1947 to 3.9 million in 1951. Between 1951
and 1964, employment declined to 3.6 million.
The decline in the employment of laborers oc-
curred despite a substantial rise in business activ-
ity. The major factor reducing requirements for
laborers during this period was the use of
mechanized equipment to replace manual labor in
such materials-handling jobs as loading and
unloading, hauling, hoisting, wood chopping,
wrapping, and mixing.

Employme nt
(in 0001 s ) INDEX (1957-59=100)

1 6 0

About one-third of all laborers are employed in
manufacturing establishments and one-fifth work
in the construction industry. Others are em-
ployed in a wide variety of industries, in-
cluding wholesale and retail trade and transporta-
tion; however, less than 10 percent are employed
in any one industry.

Employment requirements for laborers are ex-
pected to change very little between 1964 and 1975,
in spite of a rapid rise in manufacturing and con-
struction activity. Increasing demand is ex-
pected to be roughly offset by rising output per
worker resulting from continuing substitution of
mechanical equipment for manual labor.

EMPLOYMENT OF LABORERS, EXCEPT FARM AND MINE,

1947-64

1947 3, 526
1948 3, 473
1949 3, 36 5
1950 3, 520
19 51 3, 952
1952 3, 707
1953 3, 656
1954 3, 603
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1957 3, 680
1958 3, 600
1959 3, 743
1960 3, 665
1961 3, 477
1962 3, 559
1963 3, 551
1964 3, 624
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Source: Bureau of Labor Statistics
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Effects of Technological Developments on
Future Employment

Employment requirements for laborers are ex-
pected to change little between 1964 and 1975.
Technological developments are expected to
continue to limit employment requirements for
laborers.

Manufacturing plants, freight terminals, and
warehouses will use power-driven equipment such
as forklift trucks, derricks, cranes, hoists, and con-
veyor systems to perform an increasing amount
of their materials-handling work. This type of
equipment can move larger amounts of raw ma-
terials and manufactured products and parts from

*place to place within a factory or warehouse than
is possible when using manual workers. In addi-
tion, integrated systems of processing and ma-
terials-handling equipment will be installed in an

increasing number of manufacturing plants in the
years ahead. For example, in sawmills the use of
electronic computers allows a console operator to
control the cutting and moving of lumber without
manual handling.

In the construction industry, the increasing use
of mechanized equipment to do work formerly
done by laborers also will tend to reduce require-
ments for these workers. For example, construc-
tion materials formerly handled manually at the
construction site, such as brick, concrete, and lum-
ber, now are being moved by forklift trucks,
powered wheelbarrows, and conveyor belts. Ma-
terials are lifted to the upper floors of multi-
storied buildings by automatic lifts and heavy
cranes. The growing use of earth-movhig ma-
chines, .including specialized equipment such as
hole drillers, trenchers and front-end loaders, to
do excavating, ditch-digging, and similar work,
also will reduce the need for construction laborers.



Service Workers

Employment Trends

Employment of service workers increased by
about 55 percent during the 1947-64 period, rising
from nearly 6 million in 1947 to about 9.3 million
in 1964. This rate of growth was exceeded only
by professional, technical, and kindred workers.
The major factors underlying the increased em-
ployment of service workers during this period
were population growth, higher levels of business
activity, increases in leisure time, rising standards
of living, and growth of disposable personal
income.

Service workers represented about 13 percent
of all employed persons in 1964 and included
groups as diverse as firemen and waiters. About
one-fourth of all service workers were employed
in private households, performing such homemak-
ing tasks as dishwashing, laundering, ,bedmaking,
and preparing and serving meals. R'omen make
up an exceptionally high proportion of private
household workers, about 97 out of every 100.
This group is also characterized by extensive part-
time employment. About two-thirds of all pri-
vate household workers are employed on a part-
time basis.

Service workers employed outside private homes
are concentrated in establishments providing a
wide variety of services, wholesale and retail trade,
and government. About half of the nearly 7 mil-
lion service workers employed outside private
homes in 1964 worked for one of the various service
industries. Included were thousands of nurses'
aids and other hospital attendants; cooks and
kitchen workers in hospitals and schools; barbers;
beauty operators; and maids, porters, and other
hotel workers. In trade, the great majority were
cooks, kitchen workers, fountain and counter
workers, and waiters and waitresses who work in
restaurants, drugstores, and other retail establish-
ments where food is served. In government, many
service workers were employed as firefighters, and
policemen and other law-enforcement officers.

Employment requirements in service occupa-
tions are expected to increase by more than one-
third between 1964 and 1975, to about 12.5 million.
The variety of occupations within the service
group, however, are likely to be affected quite
differentlysome growing rapidly, others moder-
ately, and a few actually declining.

The greatest growth in requirements is expected
to be for policemen and other protective service
workers; attendants in hospitals, and in businesses
rendering other professional and personal services;
nurses' aids; beauty operators; cooks, waiters7 end
others who prepare and serve meals outside private
homes; and )anitors, caretakers, and building
cleaners. Some of the factors expected to increase
requirements for these occupations are the rising
demand for hospital and other medical care re-
sulting from increases in population and medical
insurance coverage ; the greater need for protective
services as urbanization continues and cities be-
come more crowded; and the more frequent use of
restaurants, beauty parlors, and other services as
population and income rise and as an increasing
number of housewives take jobs outside the home.

Little, if any, of the anticipated employment
increase during the next decade is likely to be
among workers employed full time in private
homes.

Effects of Technological Developments on
Future Employment

The nature of the service occupations, especially
the necessity for extensive person-to-person con-
tact, limits the application of laborsaving techno-
logical innovations. Overall, the number of jobs
eliminated by laborss,ving technological innova-
tions such as automatic drycleaning machines,
automatic elevators, and computer controlled
traffic signals is expected to be small compared
with the number of new jobs created as the demand
for service workers expands with increased popu-
lation, economi z. activity, and higher income levels.

The more widespread use and development of
new products and equipment will reduce employ-
ment requirements in some service occupations,
however. For example, frozen foods, drip-dry
te,ztiles, and garbage-disposal units each reduce
the unit labor needs in such occupations as kitchen
and laundry worker and housekeeper. Similarly,
because of electromechanical equipment, more and
more elevators are operated automatically by pas-
sengers. Thus, elevator operator has been added
to such service occupations as porter, bowling
pinboy, and bootblack which are declining in size
because of technological innovations.
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EMPLOYMENT OF SERVICE WORKERS, 1947-1964
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Farm Workers

Employment Trends

Average annual employment of farmworkers,
including farmers, managers, laborers, and fore-
men, decreased from about 8.1 million workers in
1947 to approximately 4.4 million in 1964, a de-
cline of 45 percent. Farmers and farm managers
declined faster than the group as a whole, from
nearly 5 million in 1947 to 2.8 million in 1964, a
drop of 54 percent. Farm laborers and foremen
declined about one-third over the period, from 8.1
million workers in 1947 to 2.1 million in 1964. The
decline in the employment of farmworkers during
the 1950's and early 1960's occurred despite a sub-
stantial rise in farm output. The major factors

Employment
(in 0001 s)

1947
1948
1949
1950
1951
1952
1953
19 54
19 55
19 56
19 57
19 58
19 59
196 0
196 1
1962
1963
1964

reducing requirements for farmworkers during
this period were the increasing size and efficiency
of farms and the mechanization of many farm
operations. In 1947, 1 farmworker produced
enough food and fiber for himself and 14 others;
today, he produces enough for himself and 81
others.

Employment requirements for farmworkers are
expected to decrease to about 8.5 million workers
ky 1975, more than one-fifth below the 1964 level.
This decrease is anticipated because of continued
improvements in farm technology and a continued
trend toward larger and more efficient farms.
Farmers and farm managers are expected to cou-
tinue to decline faster than farm laborers and fore-

EMPLOYMENT OF FARM WORKERS, 1947-64
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men because of a continued decline in the number
of small farms.

The overall output of farm products is expected
to continue to increase in the years ahead. How-
ever, unlike many other segments of the economy,
farm output is not expected to be stimulated by
significant increases in per capita consumption
of its products. Increases in domestic farm pro-
duction will result primarily from population
growth. Exports of farm products, which cur-
rently represent about a sixth of farm income, are
expected to continue to grow, but at a somewhat
slower rate than domestic consumption.

Effects of Teihnologleal Developments on
Future Employment

Despite an increase in agricultural production,
employment requirements for farmworkers are ex-
pected to decline because of technological develop-
ments that will increase output per farmworker.
The aims of modern agricultural technology are
to give the farmer better control over nature and
to reduce the amount of labor required in farming
operations. Significant achievements have already
been made in these areas and more are expected
in the future. Technological innovations are ex-
pected to increase the productive output of land
and animals, or reduce production risks inherent
in farming operations. For example, improved
fertilizers, seeds, and feed will permit the farmer
to meet increased production demand without cor-

responding increases in employment. Improved
irrigation and pest control methods and the use
of crop varieties that resist drought, wind, and
disease will reduce the risk of crop failure, thereby
increasing output per farmworker.

Agricultural mechanization will enable farmers
to reduce labor requirements or to meet increased
production demands without corresponding m-
creases in employment. For example, the develop-
ment of improved mechanical harvesters for vege-
tables and fruits will decrease the need for seasonal
and other hired workers. The use of machinery
for thinning and weeding also will reduce the need
for hired farmworkers. Innovations in livestock
and poultry, feeding and improved milking systems
will allow farmers to handle a greater volume of
production more efficiently. The expected develop-
ment of automatic packing, inspection, and sort-
ing systems for fruits, vegetables, and other farm
products also will reduce employment require-
ments for farmworkers.

The continuing trend toward larger and more
efficient farms can be expected to accelerate the
pace of technological innovation in this industry.
B: ecause larger farms tend to employ more capital
and less labor than the smaller units they displace,
total employment opportunities for farmworkers
are reduced. On the other hand, the skill require-
ments for many jobs on large farms increase be-
cause of the application of more efficient farm
methods and the use of more complex tools and
machines.
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PART IV. FACTORS AFFECTING OCCUPATIONAL
EMPLOYMENT PATTERNS

In today's technologically oriented society, there
appears to be a general public awareness th.at tech-
nological change materially affects the occupa-
tional requirements of the economy. It is gen-
erally agreed that the introduction of new ma-
chinery and production processes usually has a
direct impact on employment, often causing dis-
placement of individual workers and sometimes
overall employment declines in an occupation.
There is consid,erably less awareness, however, that
many factors other than technological develop-
ments also influence the level of employment in a
particular occupation.

Part IV provides a discussion of the many fac-
tors which influence occupational employment."
The first section discusses the effects of changing
technology as evidenced b3r the changing occupa-
tional patterns of selected industries. The second
section describes the effect of factors other than
technological change.

The Effects of Changing Technology on Occu-
pational Patterns

Although many factors other than technological
changes have had and will continue to have a
spiificant impact on the occupational structure
or the labor force, technological change is none-
theless a major determinant of occupational
employment shifts. However, technology is in-
extricably woven with the other factors influenc-
ing employment, and the impact of technology
itself is often hard to distinguish. This section of
Part IV provides illustrative examples of the
diverse effect that technological change has on cc-
cupations, as evidenced by the changing occupa-
tional composition of selected industries.

One impact of technological change on industry
occupational patterns can be seen most clearly in
industries which are declining in employment. In
these industries, the greatest decreases m employ-
ment have usually taken place among laborers and
others in the least skillecl gfroups. One example
is the railroad industry, which, under the impact
of changes in technology, in the scale of opera-

To The material in Part Iv is drawn in large part from Elects
of Technologicai Ohange on Occupational Employment Pattern*
in the United States, a paper prepared by Ewan Clague, former
Commissioner of Labor Statistics, for the Conference on the Man-
power Implications of Automation, Organization for Economic
Co-Operation and Development, Washington, D.C., Dec. 8, 1964.

dons% and in product mix, showed both very sub-
stantial decrmes in total employment and
significant alterations in occupational composition
over the 13-year period 1947 through 1960.80 Dur-
ing this time, the diesel engine completely sup-
planted the steam locomotive, and there were
substantial technical in provements in the method
of maintaining track and roadbed. At the same
time, passenger traffic declined substantially and
freight traffic remained reasonably stable.

The effect of these changes is clearly reflected in
the occupational composition of the industry.
Employment dropped by more than 40 percent be-
tween 1947 and 1960, for a net loss of nearly
572,000 jobs. However, maintenance-of-way em-
ployment dropped by 55 percent, with the 69-
percent decline in unskilled section hands (who
did common labor on the tracks but were replaced
by mobile-powered units that made repairs while
moving slowly over the track) being offset to some
extent by the 47-percent increase m the number
of semiskilled portable equipment operators. Be-
cause diesel-electric locomotives require much less
repair work than steam locomotives, skilled
workers in repair employment dropped by 35 per-
cent. Boilermakers were the hardest hit craft ;
their number declined by 82 percent. On the other
hand, employment of electrical workers increased
by 15 percent. Other occupational groups had
smaller declines than the 40-percent drop in the
industry as a whole. Professional, clerical, and
general office employees declined by only 27 per-
cent (affected to some extent by the introduction
of electronic data processing) and executives de-
clined by only 1 percent. The net effect of these
occupational changes was that executive and office-
workers increased as a proportion of total employ-
ment and unskilled workers and some maintenance
crafts decreased.

The Lumber and wood products industry is an
example of a growing industry in which the num-
ber of unskilled jobs declined as mechanized equip-
ment was installed. Employment dropped by
more than 180,000 during the 1950-60 period, an
average of about 2 percent per year. At the same
time, output rose considerably, owing mainly to
the use of faster and more powerful laborsaving

Rmploynsent and Changing Occupational Patterne in the Rail-
road Industry, 1947-60 (BLS Bulletin 1844, February 1963).
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machinery such as bigh-speed handling, sawing,
sorting, and stacking equipment. Woodchoppers
and unskilled lumbermen decreased significantly
between 1950 and 1960, while operators of portable
spars, mechanical lumberjacks, and loadmg and
other equipment increased.

In banktng, technological changes have affected
the occupational structure in still another way.
Occupational patterns changed rapidly as this
fast-growing industry expanded its use of elec-
tronic data processhig equipment." The sharpest
reductions in manpower requirements for a gwen
volume of work were in the demand deposit sector,
where the needs for bookkeepers, proof and transit
clerks, and many other routine clerical workers
were reduced substantially through the use of
magnetic ink character recognition, electronic
bookkeeping machines, and full-scale computer
systems. On the other hand, among the new jobs
created were reader-sorter operator, check encoder
or inscriber, control clerk, and keypunch operator ;
a few new jobs for programeri and rsystems ana-
lysts were created at the professional and tech-
nician level. About half the people employed in
banking-tellers, secretaries, typists, switchboard
operators, officers, anA professional workers-were
not markedly affeedd by technological change and
their employment contmued to rise as banks in-
creased their facilities and added new services.
(The Bureau of Labor Statistics projections pre-
sented earlier in this report show that employment
requirements in banking may rise by about 340,000
between 1964 and 1975, despite the rapidly ex-
panding use of electronic data processing equip-
ment and other innovations.)

Another example of the effects of the introduc-
tion of electromc computers on office employees
can be seen from a study made by the Bureau of
Labor Statistics of the taw return proceeeing in a
southern region of the United States.82 This
study shows that large numbers of routine and re-
petitive clerkal jobs, particularly those relating
to posting, checking, and maintaining records,
were cut substantially. Also reduced significantly
were the number of operators of bookkeeping ma-
chines and other office equipment. However,
large numbers of keypunch operators (also classi-
fied as clerical workers) were hired to transcribe
data from tax documents to punchcards for proc-
essing by computers. Another major effect was
the reduction in the number of lower level super-
visory jobs resulting from the elimination of cer-
tain routine clerical functions. Some new occupa-
tions related to administering and operating the
computer system-systems analyst, programer,
and console operator-were created.

"Changing Manpower Requirements in Banking," Monthly
Labor Review, September 1962.

82 Impact of Office Automation in the Internal Revenue Service
(BLS Bulletin 1864, 1968).

AND EMPLOYMENT

Examples of the contrasting effects of technol-
ogy are shown in the changing occupational dis-
tributions of the petroleum and baking industries.
(See table 3.) In the petroleum refuting induetry,
between 1950 and 1960, laborers decreased in num-
ber and proportion, whereas craftsmen and pro-
fessional workers increased. The increase in em-
ployment of craftsmen resulted largely from the
growing amount of maintenance needed in the
highly instrumented and automated petroleum re-
finmg processes. Employment of technicians in-
creased because of the greater utilization of auto-
mated and computerized systems.

In the baking incluetry, on the other hand, the
biggest increase in the proportion of total employ-
ment occurred among sales workers and opera-
tives, whereas craftsmen declined as a proportion
of the total. The decline in the relative impor-
tance of craftsmen reflected changes in technology,,

4 such as the introduction of continuous mixing units
and modernized ovens in which products are
baked while passing through the oven on a cse-
veyor. In addition, because new methods were
developed to freeze perishable items, they were
produced in much larger quantities contributing
to the reduction in the relative number of skilled
bakery workers required. The increase in sales
workers was related to the greater number of
driver-salesmen required to handle the much larger
volume of bakery products. The increase in pro-
portion of semiskilled workers resulted to a gi.eat
extent from the large expansion in the number of
truckdrivers-more than offsetting the decrease
in operatives needed because of the introduction
of automatic slicing, packaging, and other
machines.

Change in technology in the telephone induetry
resulted in an occupational shift different from-
those previously desciibed. As table 4 shows, the
greatest shift was the decrease in the proportion
of telephone operators and other clerical workers

TABLE 3. UHANCIES IN OCCUPATIONAL EMPLOYMENT IN
THE PETROLEUM REFINING AND BAKERY INDUSTRIES,
1950-60

Occupation

Bakeries Petroleum
refining

1950 1960 1950 1960

Total employed (in thousands) 267. 0 362.1 257.2 252. 7
Total percent- 1 100.0 1 100. 0 1 100.0 1 100.0

Professional P.ad technical 0.8 0.6 14.9 16.2
Managers, officials, and proprietors__ 66 6.1 5.9 6.0
Clerical workers 8.5 8.5 17.5 18.1
Sales workers 6.7 9.9 2.1 2.2
Craftsmen and foremen 81.7 27.4 21.7 23.7
Operatives 39.5 41.5 26.3 26.8
Service workers 8.1 8.0 2.8 1.7
Laborers 8.1 2.9 9.2 5.9

1 Base used in computing percents was the employed less the number not
reporting occupations.

Souacz: Department of Commerce, Bureau of the Census.
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TABLE 4. CHANGES IN OCCUPATIONAL EMPLOYMENT
THE TELEPHONE INDUSTRY, 1950-60

IN

Occupation 1950 1960

Total employed (In thousands).
Total peroent

Professional and technical
Manners, officials, and proprietors
Clerical workers.

Telephone workers
Sales worbrs.
Craftsmen and foremen

Linemen and servicemen.
Operatives
Service workers
Laborers

1

.
594.8
100.0

692. 5
1 100.0

4.9
8. 7

62.5
(44.

24. 9
(n. 0)

1. 2
1. 6
.8

6. 5
5.4

55.5

28. 6
(25. 5)

.7
1. 7
.5

nOtlieleorturl rocetiPittiuotnV
percents was the total employed lels the number

Sous= Department of Commerce, Bureau of the Consult
.0%

resulting from the conversion from manual sys-
tems to automatic dial services for lobal and long-
distance calls, and the introduction of automatic
timing and billing services. At the same time,
linemen, telephone installers% and repairmen in-
creased because of the growmg number of tele-
phones as well as the complexity and growing
volume of telephone services.

Perhaps the most dramatic impact of techno-
logical change on employment has taken place on
th.e farm. As a 'result of increased mechanization,
the use of scientific methods, chemical fertilizers,
better seeds, and the like, productivity in arioul-
tun has increased much More rapidly than in most
industries. Employment has declined despite the
need to uow more food for the increasing popu-
lation. Furthermore, the occupational structure
of farm employment has been sharply affected.
For example, between 1950 and 1960, farmers and
farm laborers decreased by about 40, percent, but
the number of professional workers in agriculture
rose by about 20 percentsuch workers include
airplane pilots (for crop duiting), scientists,
foresters, accountants, and veterinarians.

The above illustrative descriptions of the impact
of technological developments on selected indus-
tries should not obscure the fset that the effect of
technological change on the occupational structure
of most industries is extremely complex and can-
not be traced easily. For the most part, techno-
logical innovations are not adopted extensively in
an industry or an individual plant at any single
time. Instead, they are 'often adopted piecemeal
in the form of a great many minor changes intro-
duced in one establishment and then in another,
and often in a gradual way within an establish-
ment. In view of the multitude of small changes
having a different effect on the occupational pat-
tern of an industry, it is extremely difficult, par-
ticularly without comprehensive current data on
changing occupational employment patterns in
individual industries to determine the net effect
of all technological changes.
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Factors Other Than Technological Change
Which Affect Occupational Employment

In addition to technological change, there are
several other major factors affecting occupational
employment patterns. The most important of
these other factors are the different rates of em-
ployment growth among industries resulting from
shits in the distribution of income and changing
patterns of consumption; growth in population
and its changing age distribution ; Government
policy, ,_and Federal expenditures ; institutional
factors such as union-management relationships
and practices ;. and the relative supply of persons
in different occupations. These and other factors
Are discussed in the following pages.

Population Growth. One of the ma'or determi-
nants of occupational Jnge is growth in popula-
tion and its changing distribtition. Rapid in-
creases in populationig about sharp rises in
the demand for goods an rvices of all kinds, and
result in employment increases in industries pro-
ducing them. As the population grows, there is a
concomitant increase in the demand for the prod-
ucts needed to feed, clothe, and house the increased
numbers of people and as industry expands its
production of goods to meet these needs, employ-
ment often expands also. Similarly, the growing
population requires increased services, which re-
sults in a rise in volume of business in service-
producing industries, and therefore in the demand
for workers such as barbers, hairdressers, lawyers,
bankers, and medical personnel. The increasing
urbanization of the population is responsible for
the expansion of State and local government em-
ployment in order to provide the public services
needed for urban living, such as those provided by
firemen and policemen. Often, many of these oc-
cupations increase nearly in direct proportion to
the increase in population.

In addition to the impact of overall popula-
tion growth, the changing age distribution of the
growing population plays a major role in influenc-
ing employment growth in some industries and
their occupations. For example, a very large part
of the increase in professional workers has been
due to the changing composition of the popula-
tion. A greater number of teachers are needed to
service th.e rising number and proportion of school-
age children in the population. Similarly, the in-
creasing number of older persons in the popula-
tion tends to bring about an even greater increase
in demand for medical personnel.

Government Policy and Federal Expenditures.
Government policy and Federal, State, and local
expenditures play a major role not only in deter-
mining the occupational composition of employ-
ment, but in providing and stimulating overall
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employment. It is estimated, for example, that
nearly 3 million workers are currently engaged m
federally sponsored defense-related activities. Ex-
penditures for education increase not only the em-
ployment of teachers, but of the construction
workers and others needed to build, maintain, and
administer the schools. Similarly, occupations
such as social workers, doctors, nurses, highway
en.gineers, and many others are affected lay the size
and direction of government expenditures.

Of the Federal programs, defense and space ac-
tivities, have had the greatest effect on the occupa-
tional distribution obemployment in the United
States. Large and rising Government expendi-
tures for research and development, for example,
are in great part responsible for the dramatic in-
crease in the siemand- for scientists, engineers, and
technicians. The distinctive manpower profile
characteristic of today's defense work forcewith
its above-average proportions of professional,
technical, clerical, and craft workers and below-
average proportions of semiskilled operatives
may be seen in the comparison (for 1963) of broad
occupational gi.oups m manufacturing employ-
ment as a whole and in defense-related employ-
ment in private industry. (See table 5.)

As table 5 shows, 15 percent of the work
force in the defense industry consists of profes-
sional and technical workers, as against only 9
percent in manufacturing as a whole. In fact,
throughout the whole range of the more highly
skilled administrative, clerical, and craft workers,
the proportions in defense industry are higher
than in manufacturing. Conversely, only 37 per-
cent of defense employment (3 workers out of 8)
are operatives or laborers while about half of
manufacturing employment consists,1 of these
occupations.

Another illustration of the higher skilled struc-
ture of defense-oriented manufacturing' can
seen in table 6, vc hich compares the early 1965 oc
cupational distribution in selected plants manufac-
turing military and space electronic end-products
with that in plants manufacturing electronic con-

TABLE 5. OCCUPATIONAL COMPOSITION OF MANUFACTUR-
ING AND DEFENSE-RELATED EMPLOYMENT IN PRIVATE
INDUSTRY, 1963

Occupation

Total

Professional and technical workers_ -
Managers, officials, and proprietors_ -
Clerical workers
Sales and service workers_
Craftsmen
Operatives
Laborers

All U.S. man-
ufacturing
(percent)

All defense-related
employment in pri-

vate industry
(percent)

I 100 100

9 15
7

12 15
5

18 20
43

I Because of rounding, percents do not total 100.

Boum: Monthly Labor Review, May 1964, p. 514.

TABLE 6. ILLUSTRATIVE OCCUPATIONAL DISTRIBUTIONS
IN ELECTRONICS MANUFACTURING PLANTS MARINO
MILITARY AND SPACE PRODUCTS, AND IN THOSE MAKING
CONSUMER PRODUCTS, EARLY 1965

Occupation 1Military and Consumer.
space products products

Percent

Total employment 100. 0 100. 0

Non_production workers 68.0 40.0
Engineers and other technical workers.. 35.0 12.4

Engineers 21.4 7. 4
Technicians and draftsmen la 6 5.0

Administrative and executive 17.4 10.1
Clerical and stenographic 15.3 11.1

Production workers 82. 2 60. 0
Skilled 10.5 10.7
Semiskilled and unskilled 21.7 49.8

=1,
NOTE: For further information see Employment Outlook and Changing

Occupational Structure in Electronics Manufacturing (BLS Bulletin 1383,
October 1963), p. 37.

SOURCE : U.S. Department of Labor, Bureau of Labor Statistics;
based on information obtained through field visits to selected
electronics establishments.

sumer products, such as radios and television sets.
In electronics manufacturing, employment in the
production of military and space items consisted
of 68 percent nonproduction workers and only 32
percent production workers, whereas in the manu-
facture of consumer products in that same indus-
try, only 40 percent were nonproduction workers
and 60 percent, production workers. Engineers
and other technical workers were three times as
numerous in military and space work; clerical and
stenographic personnel were also much more nu-
merous. Even among production workers there
was a marked difference. Nearly one-third of the
production workers in military and spaceproducts
plants were skilled, the remaining two-thirds be-
mg senliskilled and unskilled. On the other hand,
over 80 percent of the production workers in con-
sumer products were semiskilled and unskilled (50
percent of the entire work force). The major fac-
tor is that military and space products are in the
forefront of technological ch.ange, emphasizing
custom production involving conthrued invention
and improvement, whereas consumer products are
primarily items mass produced in large volume.

Employment Growth Among Industries. The
different rates of employment growth among in-
dustries, as affected by the factois described above,
may have been the most important single factor
determining the occupational distribution of em-
ployment in the United States.88 An examination
of industry employment trends indicates that the
very large increases in white-collar employment in
the economy as a whole have resulted from the
greater-than-average growth in industries employ-
ing large numbers of these workersfor example,

$* Of course, growth of some industries is due to new technology
and inventions, and decreases in some industries are due in part
to increases in productivity.
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State and local government, finance, insurance,
and real estate, trade, and business and profee-
sional servicescoupled with the much slower
growth in industries in which mailer numbers of
white-collar workers are employedmining,
manufacturing, and transportation. Of course,
differences in mdustry employment growth also
reflect shifts in the distribution of income and
changes in patterns of consumption, which in turn
may bring about changes in the demand for prod-
ucts of particular industries, and hence employ-
ment changes. Furthermore, the greater growth
of some industries has resulted from technological
developments, i.e., new inventions such as televi-
sion. The rapid grrowth of the space program is
another example of how technological innovations
may bring about rapid industry employment
growth.

A comparison of 1950 and 1960 census data
shows further that, except for laborers, the chang-
ing employment levels of industries had a much
greater effect than shifting occupational patterns
within industries on the change in the number of
persons employed in each occupational group.
For example, among the sales, craftsmen, and op-
erative groups, no increase in employment resulted
from the net effect of changing occupational pat-
terns of individual industries over the 1950-60
period. Similarly, nearly all of the 47-percent in-
crease in employment in the professional group
resulted from the changing levels of industry em-
ployment. Changing occupational patterns of in-
dividual industries apparently offset each other,
so that there was only a very small net increase in
the employment of professional workers which
could be attributed to shifting occupational
structures.

This conclusion is based on net growth of major
0 occupational groups. Vast changes, however, may
occur within each occupational group despite lit-
tle change in the overall total. Although individ-
ual occupations in the same skill group may have
divergent rates of growth, adding those occupa-
tions together often results in very little apparent
'change for the occupational group as a whole. For
example, -within the clerical occupational group,
employment of telephone operators decreased
slightly froth 1950 to 1960, whereas the number of
stenographers, secretaries, and typists rose by
more than two-fifths. Similarly, within the
craftsmen group, boilermakers decreased by one-
third and air-conditioning and refrigeration me-
chanics increased by more than two-fifths during
this period.

Another example of the iinportance of industry
growth to occupational employment may be found
in the recent employment rises in the manufactur-

Ling and construction industries resulting from
high levels of high-economic activity nationally.
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Closely related to this recent expansion has been
the sharp reversal of the half-d.ecade downtrend
in the number of workers employed in blue-collar
sobs. Employment in these manual occupations
increased by 700,000 between 1962 and 1963 and
by over half a million between 1963 and 1964, as
contrasted with the decline which totaled 600,000
tabs for the half decade between 1957 and 1962.

Industry growth rates can also be affected by
other, closely related factors. For example, im-
position of protective tariffs or import levels often
insures domestic producers a growing market for
their products. Similarly, the discovery of new
natural resources may place the domestic producer
in a much more competitive position vis-a-vis
foreign exports, and thereby expand the demand
for his product. The substitutability of new
products can reduce the demand for some prod-
ucts, i.e., plastic for glass.

Union-Management Relationships owl Practices.
The occupational pattern of an industry may be
influenced. greatly -by collective bargaining agree-
ments and the relationship between labor and man-
agement. The construction industry is a good ex-
ample of the influence labor-management decisions
may have in maintaining occupations nearly in-
tact through decades of technological change.
The railroad, longshore, and newspaper indus-
tries are other cases where, in general, the influence
of unions has been directed toward the mainte-
nance of occupational skills. Union management
decisions are often important enough to have a
marked effect on the occupational patterns of the
economy as a whole.

Collective bargaining agreements may alsohave
a different type of effect on occupations. For ex-
ample, union-management agreements providing
for early retirements may serve to accelerate the
rate of decline of occupations in which employees
either are or may become surplus. On the other
hand, agreements which provide forshorter work-
ing hours (as with truck and bus drivers) or
longer holidays (such as in the steel, can, and alu-
minum industries) may increase or at least main-
tain the requirements for workers.

Suppky and Demand Factors. Scarcities and sur-
pluses among different occupations provide man-
agement with the opportunity to engineer the jobs
to match in some degree the available supply of
workers. For example, when engineers are in
short supply, many routine engineering functions
are reprogramed to be performed by technicians,
and additional technicians are hired to perform
these functions. In other eases, a produotion
process or =Aerial may be adjusted so as to em-
ploy a combination of labor skills different from
those in short supply.

;wolf,
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One of the many other nontechnological factors
which influence occupational employment is the
Nation's social climate. Increasing concern with
the problems of education, living conditions,
health standards, and discrimination result in in-
creased requirements for many occupations such as
teachers, guidance counselors, and social workers.
These requirements are over and above those cre-

ated by population growth. Organizational
changes and improvement in managerial practices
also influence the growth rates of occupations:
Mergers and acquisitions of firms often affect
many middle-managemerit jobs, as does the
streamlining of administrative procedures. More
liberal tax conditions, lower corporate tax rates,
and new depreciation guidelines also affect oc-
cupations in that they may increase the profit-
ability of new machinery tunl equipment,
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PART V. 'PROJECTED CHANGES IN OCCUPATIONAL REQUIRE-
IVIENTS AS THEY RELATE TO SELECTED SUBGROUPS OF
WORKERS

Changing occupational requirements may affect
important subgroups of the labor force quite dif-
ferently. Part V illustrates some of the implica-
tions that appear to be pertinent to the future em-
ployment of nonwhite workers, younger and older
workers, and women.

This report makes no attempt to forecast what
the employment of these groups will actually be in
1975. On the contrary, the projections are based
entirely on very specific assumptions: and serve
only to illustrate important relationships between
occupational changes and the employment charac-
teristics of these subgroups.

Changing Occupational Requirements and Em-
ployment Opportunities for Nonwhite
Workers

In recent years, nonwhite workers have had =-
employment rates about twice as high as those for
white workers. The average unemployment rate
for nonwhites in 1964 was 9.8 percent2 while for
whites it was 4.6 percent. This disparity reflects,
in part, the lower educational levels of nonwhites
and their concentration in occupations subject to
higher-than-average unemployment rates. They
are concentrated disproportionately in laborer oc-

cupationsboth in industry and on farmsand
service occupations, and have lower proportions
in white-collar and craft occupations than do
white workers.

The occupations in which the greatest number
of nonwhites are now employed will be growing
more slowly than other occupations over the next
10 years. Therefore, if employment opportunities
for nonwhites are to improve, or even remain the
same, they must continue to gain access to the
rapidly growing higher skilled and white-collar
occupations.

If the nonwhites were merely .to continue hold-
ing the same proportion of the )obs in each occu-
pation that they held in 1964that is, if they were
to make no advances in gaining access to the craft
and white-collar occupationsthe nonwhite share
of total employment would decline, simplT because
of the slower growth of the occupations in which
they are concentrated.

Table 7 illustrates what the plight of the non-
white workers will be by 1975 if they continue to
hold the same proportion of the jobs in each occu-
pation group as in 1964. The total number of
nonwhites employed in 1975 under these assump-
tions would be 8,970,000, an increase of about
1.5 million, or 20 percent, as compared to 1964.

TABLE 7. ILLUSTRATIVE PROJECTIONS OP EMPLOYMENT OF NONWHITE WORKERS IN 1975, ON THE ASSUMPTION THAT
THEY WILL RETAIN THE SAME SHARE OF EMPLOYMENT IN EACH OCCUPATION AS IN 1964

(In thousands]

Occupational group

Total, all occupations

Professional, technical , and kindred workers
Managers, officials, and proprietors (excluding farm)
Clerical and kindred workers
Sales workers
Craftsmen, foremen, and kindred workers
Operatives and kindred workers
Laborers (excluding farm and mine)
Service workers
Farm workers

I Total employment has been projected earlier in this report.
NOTES: (1) Because of rounding, sums of individual items may not equal

totals. (2) Total employment is rounded to the nearest 100,000 and nonwhite
employment is rounded to the nearest 10000; the percentages are derived
from unrounded data. (3) The computations were done separately for the
following occupational categories: Medical and other health; teachers, except
college; other professional and technical; managers, officials, and proprietors;

Employment, 1964 HYPotbetical employment, 1975

Total Non-
white

Nonwhite as a
percent of total

Total I Non-
white

Nonwhite as a
percent of total

70, 400 7, 480 10. 6 88, 700 8, 970 10. 1

8, 600 500 5. 8 18, 200 770 5. 8
7, 500 190 2. 6 9, 200 240 2. 6

10, 700 570 5.4 14, 600 780 5.3
4, 500 140 & 1 5, 800 180 3. 0
9, 000 580 5. 8 11, 400 670 5. 9

12, 900 1, 520 11. 8 14, 800 1, 740 11. 8
3, 600 970 26. 9 3, 700 1, 990 26. 9
9, 300 2,410 26. 0 12,500 3, 080 24.7
4, 400 650 14. 6 3, 500 520 14. 8

stenographers, typists, end secretaries; other clerical workers; retail trade
sales workers; other sales workers; carpenters; construction craftsmen, except
carpenters; mechanics and repairmen; metal craftsmen, except mechanics;
other craftsmen and kindred workers; foremen, not elsewhere classified; driv-
ers and deliverymen; other operatives; nonfarm laborers; private household
workers; service workers, except private household; farmers and farm manag-
ers; and farm laborers and foremen.

17181
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This rate of increase in employment would be
slower than that of white workers, whose employ-
ment is projected, under this assumption, to rise
by about 27 percent.

The implications of this slower growth in em-
ployment for unemployment among nonwhites
may be seen by comparing this estimate of their
employment in 1975 with the nonwhite labor force
projected for that year. Preliminary projections
of the latter, consistent with the general labor
force projections presented earlier in this report,"
show a total nonwhite labor force of about 11 mil-
lion in 1975. Assuming that the same number of
nonwhites will be in the Armed Forces in 1975 as
in July 1963 (about 200,000), we would derive a
nonwhite civilian labor force of about 10.8 million.
If approximately 9 million were employed, as com-
puted above, the remainder-1.8 million-would
be unemployed-an unemployment rate of about
.17 percent-over five times the memfloyment rate
for the whole labor force assumed m the projec-
tions of employment.85

Actually nonwhites have made some gains in
recent years in shifting to the higher skilled and
faster growing occupations. As shown in table 8,
nonwhites increased their share of the jobs in the
white-collar occupations from 3.1 percent in 1954
to 4.5 percent in 1964. The gains took place in
each of the major occupation groups of white-
collar workers; the gain was steady over the whole
10-year period in clerical occupations, but among
professional, sales, and managerial occupations the
greatest increase took place after 1958.

There was a more modest gain in the nonwhite
share of employment in blue-collar occupations-
from 10.9 percent in 1954 to 11.8 percent in 1964.
This reflected a slight decline in their share of
laborer jobs, a slight gain among operatives, and
a substantial gain among craft jobs.

In service occupations, where nonwhites have
traditionally had a disproportionately large share

of the jobs, their share decreased moderately, from
29 to 26 percent in the 1954-64 period.

Nonwhites moved out of farm occupations in
roughly the same proportions as did white workers
over the 10-year period. The nonwhite share of
farm employment continued at about the same
level, between one-sixth and one-seventh of the
total. In 1964, it was 14.6 percent, slightly below
the 15.3 percent of 1954.

If these trends continue, the effect would be to
increase total nonwhite employment and to reduce
the gap between white and nonwhite unemploy-
ment. To illustrate this, a computation of non-
white employment in 1975 was made on the as-
sumption that the changes in the period 1958 to
1964 in the proportion of jobs in each occupation
filled by nonwhites would continue at the same
annual rate in the period 1964 to 1975 (table 9).
The period since 1958 was chosen because some of
the major changes have occurred since then. . Un-
der this assumption, nonwhite employment would
be about 10 million 86 in 1975, a gain of about 2.5
million, or about one-third, as compared to a little
more than 25-pereent gain in employment of white
workers. With the same nonwhites civilian labor
force estimated above-10.8 million-this would
leave almost 800,000 nonwhite unemployed, an vm-
employment rate of 7.5 percent-two and one-half
times as high as the projected 3-percent unemploy-
ment rate for the whole labor force. Thus, the
present disparity in unemployment rates between
whites and nonwhites would still remain in 1975
if the nonwhites continue to gain access to the
higher skilled jobs at the same rate as in recent
years.

In summary, the effect of the projected shifts
in the occupational requirements of the U.S. econ-
omy on employment opportunities for nonwhites
is such that they will home to gain access to the
rapidly growing higher skilled and white-collar
occupations at a faster rate than they have in

TABLE 8. NONWHITE EMPLOYED WORKERS AS A PERCENT OF TOTAL EMPLOYMENT IN EACH MAJOR OCCUPATION GROUP,
1954-641

Occupational group 1954 1 1955 1 1956 1 1957 2 1958 1959 1960 1961 1962 1963 1964

Total, all occupations 10.3 10. 2 10. 3 10. 4 10.2 10. 3 10. 6 10. 4 10. 5 10. 5 10. 6
Professional, technical, and kindred workers 3.9 8.9 8.7 3.8 8.8 4.8 4.4 4.1 4.6 5.8 5.8
Managers, officials, and proprietors (excluding farm) 2. 1 2. 8 2. 2 2. 1 2. 3 2. 3 2. 5 2. 5 2. 5 2. 8 2. 6
Clerical and kindred workers 3.7 8.8 8. 8 4. 4 4. 3 4.4 5. 2 5.4 5.1 5. 1 5.4
Sales workers 2. 8 2.0 1.8 1.9 2.1 2.1 2. 6 2. 5 2. 6 3. 0 8.1
Crafstmen, foremen, and kindred workers 8.8 4.0 4.2 4.4 4.5 4.5 4.9 4.9 4.9 5.2 5.8
Operatives and kindred workers 10.7 10.6 11.2 11.3 11.3 11.2 11.8 11.9 11.7 11.8 11.8
Laborers (excluding farm and mine) 27. 5 27. 6 26. 7 27. 8 26. 6 27. 7 26. 4 25. 7 27. 0 26. 2 26. 9
Service workers 29. 0 28. 6 28. 2 28. 2 27. 6 26. 7 26. 8 26. 3 26. 4 26. 3 26. 0
Farm workers 15. 8 14. 8 14. 9 15. 3 14. 9 15. 5 16. 2 15. 7 16. 1 15. 8 14. 6

1 Data through 1956 have not been adjusted to reflect changes in the
definitions of employment and unemployment adopted in January 1957.

S0UUcEs: Bureau of the Census and Bureau of Labor Statistics.

11 Estimates based on article by Sophia Cooper and Denis F.
Johnston, "Labor Force Projections for 1970-80." Monthly Labor
Review, February 1965.

=This makes no allowance for possible withdrawal from the

1 Averages based on data for January, April, July, and October.

labor force of nonwhites who would simply glve up the search
for work under such conditions.

N This represents about 900,000 more jobs for nonwhites than if
the penetration rate were to remain at 1964 levels.
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recent years if their wnemployment rate is to be
brought down toward the sme level as that of
their white fellow citizens. In part, this is a mat-
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ter of providing educational and training oppor-
tunities ; in part, of reducing racial discrimination
in hiring.

TABLE 9. ILLUSTRATIVE PROJECTIONS OF EMPLOYMENT OF NON w H1TE WORKERS IN 1975, ON THE ASSUMPTION THAT
THIIR SHARE OF EMPLOYMENT IN EACH OCCUPATION CHANGES AT THE SAME ANNUAL RATE AS IN THE 1958-64 PERIOD

Occupational group

Employment, 1958 Employment, 1964 Hypothetical employment,
1975

Total Non-
white

Non-
white as a
percent Of

total

Total Non.
white

Non-
white as a
percent of

total

Total Non-
whits

Non-
white as a
percent of

total

Total, all occupations.

Professional, technical, and kindred workers
Managers, Officials, and proprietors, (excluding farm)
Clerical and kindred worlcers
Sales workers
Craftsmen, foremen. and kindred workers
Operatives and kindred workers
Laborers (excluding farm and mine)
Service workers
Farm workers_

64,000 6,520 10.2 70,400 7,480 10.0 88, 700 10,000 11.8

7, 000
6, 800
9, 100
4,200
0, 500

11,100
0, 600
7, 800
5, 600

260
150
890
90

880
1,800

960
2, 150

880

8.8
2.8
4.3
2.1
4. 5

11.8
26. 6
27. 6
14.9

8, 600
7, 500

10, 700
4, 600
9, 000

12, 900
0, 600
9;800
4,400

500
190
570
140
580

1, 520
970

2, 410
660

5.8
2.6
6.4
8.1
5.8

11.8
25.9
20.0
14.6

18, 200
9, 200

14, 600
5,800

11, 400
14, 800
0, 700

12, 600
0, 500

1, 180
300

1, 050
290
880

1, 900
960

2, 960
MO

8. 9
3.2
7. 2
5. 0
7. 7

12.8
25. 9
28. 7
14.2

See notes table 7.

Changing Occupational Requirements and Employment Opportunities
by Age

Much has been written about the necessity of
increasing employment opportunities for younger
and older workersfor younger workers because
their rates of unemployment are higher than those
for the remainder of the labor force, and because
the number of young workers will increase rapidly
in the decade ahead ; and for older workers because
of the problems they face in adjusting to the job
requirements of a rapidly changipg economy.
This section of Part V attempts to assass the im-
pact of the projected changes in occupational re-
quirements on employment opportunities if each
occupation were to have the same age distribution
in 1975 as in 1964.

The method used to develop the hypothetical
estimates of manpower requirements by age pre-
sented in this section was a relatively mechanical
one. In brief, the 1964 age distributions of work-
ers in broad occupational groups and in a selected
group of detailed occupations 87 were applied to
the projections of 1975 requirements in each occu-
pational group (presented in Part III) and ag-
gregated to develop a hypothetical age distribu-
tion of civilian employment in 1975.

Like the earlier estimates of nonwhite employ-
ment presented in the preceding section, the illus-
trative estimates of hypothetical occupational re-
quirements by age should not be construed as
representing "projections" or "forecasts." In-
stead, they should be viewed as representing only

In See earlier section on nonwhite workers for a list of the
occupations included.

a hypothetical situation in which the Nation's em-
ployers in 1975 utilize the same age distribution
of their occupational employment as obtained in
1964. Such an approach, of course, does not allow
for any changes in the age distribution which may
have been occurring in recent years, nor does it
allow for the possible differences in age between
the actual 1964 age composition of an occupation,
and that which employers might have wanted or
accepted.

As indicated in Part II, total manpower require-
ments are expected to increase by more than one-
fourth between 1964 and 1975, with some occupa-
tions increasing and others declining. Applying
the actual 1964 age distribution of individual occu-
pations to the comparable projected 1975 occupa-
tional requirements results in a hypothetical age
distribution of 1975 employment which is some-
what different from that of 1964. A comparison of
the actual 1964 age distribution and the hypotheti-
cal 1975 age distribution indicates that relatively
fewer jobs will be available for younger workers
and older workers. As table 10 shows, relative re-
quirements for workers 14-19 years of age would
decline from 7.9 percent of the total (employed ci-
vilian labor force) in 1964, to 7.6 percent in 1975.
Similarly, requirements for workers age 55 and
over would also decline, falling from 18.1 percent
of the total in 1964, to 17.9 percont in 1975. These
would be offset by somewhat higher proportions in
the 25-54 age groups, as the following table shows.
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TABLE 10. AGE DISTRIBUTION OP 1964 EMPLOYMENT AND
HYPOTHETICAL 1975 REQUIREMENTS

Age Actual, 1964 Hypothetica1,1975

Number of workers 70,357,000 88,700,000

Percent distribution

Total, all ages 100.0 100.0

14-19 7.9 7.6
20-24 10.4 10.5
25-34 19.1 19.4
85-44 23.0 28.2
45-54 21.5 21.4
55-64 18.9 18.8
65 and over 4.2 4.1

SOIIRCZ: 1964 data are computed from Special Labor Force Report No. 52,
"Labor Force and Employment in 1964," .Mwahly Labor Rahn, April 1965.
1975 estimates are from the Bureau of Labor Statistics.

The relative decline in requirements for work-
ers 14 to 19 years of age can be attributed in great
part to the projected decline in employment of
farmworkers. In 1964, a relatively high percent-
age of farmworkers were between 14 and 19 years
of age, and as requirements for farmworkers con-
tinue to decline, this age group will be sharply
affected.

The relative decline in requirements for workers
55 years and older also apparently results from
decreasing employment of farmworkers. In-
creased requirements for managers, officials, and
proprietors, which also had relatively large num-
bers of older workers in 1964, are not expected to
be great enough to offset this decline in the num-
ber of farmworkers.

The implications of these changing .patterns of
requirements by age emerge more clearly through
a comparison of the age distribution of the supply
of workers expected to be available in 1975, pro-
jected independently by the Bureau of Labor
Statistics." Such a com.parison indicates that
some major differences could exist between the hy-
pothetical requirements and the supply of workers
bY age.89

The major difference occurs in the proportion of
workers in the youngest age groups-14-19 and
20-24 years of age. 1.n both these age groups, the
relative supply of workers in the labor force in
1975 exceeds the requirements indicated by the
hypothetical 1975 employment based on the as-
sumption that the age composition of occupations
in 1975 will be the same as obtained in 1964. As
table 11 shows, although nearly one-fourth (28
percent) of the projected civilian labor force may

al See Special Labor Force Report No. 49, "Labor Force Projec-
tions for 1970-80," Monthly Labor Review, February 1985.
These projection were adjusted upwards to reflect the larger
labor force under a 3 percent level of unemployment.

is It should be noted that the hypothetical 1975 age distribu-
tion, based on civilian employment (less unemployed workers),
is not directly comparable to the projected 1975 age distribution
of the civilian labor force (including unemployed workers). How-
ever, since the purpose of the comparison is to examine the impli-
cations of the changing occupational structure, it was believed
that the implications would be more clearly seen through a com-
parison with the total supply of workers rather than with em-
ployed workers.

be young persons aged 14-24, the hypothetical age
distributita of projected 1975 employment re-
quirements indicates that less than one-fifth
(about 18 percent) of the requirements will be for
workers in this age group.°° A similar, though
smaller, difference exists for workers 25-34 years
of age, who are expected to comprise 22 percent of
the projected labor force compared with less than
20 percent of the hypothetical 1975 requirements.
Among workers in the 35-54 age groups-some-
times called the prime working ages-the compar-
ison shows the opposite effect-a smaller propor-
tion of workers available (87 percent of the total
civilian labor force) than are required (45 per-
cent of the hypothetical requirements). In the
remaining age groups-55-64 and 65 years and
older-there appears to be rough comparability in
requirements and supply.

TABLE 11. AGE DISTRIBUTION OF 1975 CIVILIAN LABOR
FORCE AND HYPOTHETICAL 1975 REQUIREMENTS

Age Civilian
labor force

Hypothetical
requirements

I

Percent

Total, all ages 100.0 100.0

14-19 9.7 7.6
20-24 18.5 10.5
25-84 22.4 19.4
85-44 17.5 23.2
45-54 19.5 21.4
55-54 13.9 18.8
65 and over 8.6 4.1

A number of possible implications emerge
from these projected differences in requirements
and supply. One possible implication is that em-
ployers may have to lower the minimum age at
which they hire workers for particular occupa-
tions. Another is that industry patterns of utili-
zation might have to change, with more young
workers hired Ps aids and assistants to the rela-
tively more scarce mature and experienced work-
ers. Perhaps another implication might be that
even more young workers than anticipated would
delay their entry into the labor market in order
to obtain the education and training needed to
fill the available jobs. Still another might be that
workers would have to be promoted to supervisory
or foremen positions at an earlier age than for-
merly. (It might also mean better opportunities
for younger workers to advance to middle-man-
agement positions.)

These possible alternatives are by no means the
only ones, and by indicating them it is not meant
to imply that they are either desirable or likely.
They are presented only to illustrate the possible
implications of the changing occupational require-
ments.

se It should be reiterated that actual numbers of persons in these
and other age categories are not directly comparable, since the
total of projected requirements excludes the unemployed workers
which are included in the civilian labor force.
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Changing Occupational Requirements and Employment Opportunities
by Sex

In recent years, one of the most striking aspects
of the Nation's sharp increases in total employ-
ment has been the relatively more rapid growth m
employment of women than of men. Since the
end of World War II, employment of women rose
from 16.3 million to 24.2 million, an increase of
48 percenta rate of increase more than four times
as rapid as the rate of increase for men. As a
result, the proportion that women make up of total
employment grew from 28 percent in 1947 to more
than 34 percent in 1964. Li the late 1950's l how-
ever, the rate of increase began to slow down, and
between 1958 and 1964, employment of women
rose only about twice as fast as employment of
men (16 percent as compared with 'T percent).
Thus, over the 1958-64 period, the proportion
women comprised of total- employment increased
only from 32.7 percent to 34.4 percent. Similarly,
only small changes in the proportion of women
employed occurred in the broad occupational
groups which make up total employment.

In order to evaluate the impact of the projected
1975 occupational requirements on employment of
women workers, analyses similar to those described
in -the section on nonwhite workers were under-
taken for male and female workers under two dif-
ferent hypotheses. The first hypothesis was that
the proportion women make up of employment in
each broad occupational group in 1975 would be
the same as in 1964. The second hypothesis was
that recent (1958-64) changes in the proportion of
women workers in each occupational group would
continue to 1975. These hypothetical proportions
were then applied to the projections of 1975 re-
quirements m these occupations, and the totals
aggregated. The resulting hypothetical estimates
show the proportion women would make up of
total employment in 1975, (1) if the penetration
rates for women workers were to remain at the
1964 level, and (2) if they were to continue to in-
crease at the same rate as they did in the 1958-64
period.

The results of the above analyses indicate that
the changing occupational requirements of the
Nation would not have a significant effect on em-
ployment opportunities for women, and thus would
not require major adjustments in the labor force.
If the proportions women comprise of each occu-
pational group remain at 1964 levels, the changing
occupational requirements for all workers would
result in a 32-percent increase in employment of
women workersfrom 24.2 million in 1964 to
32 million in 1975. This represents an average
annual rate of increase over the 1964-75 period
which is nearly the same as that of the 1958-64
period. However, it does reflect a narrowing of
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the recent differential in growth rates between
women and men workersfrom 2.2 : 1 during the
1958-64 period to 1.4 : 1 in the 1964-75 period.
Nevertheless, the proportion women make up of
total employment would rise from about 34 per-
cent in 1964 to 36 percent in 1975. Rapid increases
in some occupations in which large numbers of
women are employed, such as clerical and sales,
would be partially offset by slower-than-average
growth in private household workersnearly all
womenand declines in farm workers.

If the proportion of women in each occupation
were to continue to increase at the 1958-64 rate
(rather than remain at the 1964 level), the results
would not be much difft kent, since only small in-
creases in the proportion took place during this
past period. On this basis, employment of women
would be only about 900,000 higher than if the
rates were to remain at 1964 levelsa difference of
less than 3 percent. Similarly, the proportion
women represent of total employment would be
only slightly higher-37 percent as compared with
36 percent, as table 12 shows.

TABLE 12. SEX DISTRIBUTION Or 1964 EMPLOYMENT AND
HYPOTHETICAL 1975 REQUIREMENTS

tin millions)

Sex distribution

Actual 1964

Hypothetical, 1975

Band on 1964
proportions

Based on
1958-64

trends in
proportions

Num-
ber

Per-
cent

Num-
ber

Per-
cent

Num-
ber

Per-
cent

Total, male and female__ 70. 4 100 88. 7 100 88. tr 100

Male 46. 1 66 56. 7 64 55.8 63
Female 24.2 34 82.0 86 82.9 87

A comparison of the hypothetical 1975 estimates
of employment of women with projections of the
civilian labor force in 1975 91 further indicates that
employment opportunities for women workers in
the years ahead will not be significantly altered
by the changes in occupational requirements. As
table 13 shows, requirements for women workers
in 1975 (expressed as a proportion of total require-
ments) will be roughly the same as the supply of
women workers (expressed as a proportion of total
civilian labor force), whether the proportions of
women workers remain at the 1964 level or increase
as they did in the 1958-64 period. However, this

01 Based on "Labor Force Projections for 1970-80," Monthly
Labor Review, February 1985.



1,4wo.,-1.::14.ftW4VVII,*(14001Vikr4tWott-4401.-1,,,,,ttc-^,`^'*-.."

1-186 STUDIES: OUTLOOK FOR TECHNOLOGICAL CHANGE AND EMPLOYMENT

overall balance does not allow for possible differ-
ences in age, education, training, etc., between the
women workers required and those available. As
the earlier sections of Part V on color and age
showed, there may be significant differences in
1975 in the demand and supply of all workers by
color and age. Thus, despite the overall balance
of requirements and supply of women workers in
1975, the same adjustment problems as to age and
color may exist for women as for the labor force
as a whole.

Furthermore, there may have to be some addi-
tional shifts in the occupational distribution of
female employment. The increasing competition
with men is a very serious problem, as more and
more men compete for jobs in occupations in which
women have long predominated, such as elemen-
tary and secondary school teaching, social work,

and library work. In order to maintain the pro-
jected rate of growth in employment, women
workers must finI employment outside the tradi-
tional women's occupations, particularly in the
managerial, technical, and professional fields.

TABLE 13. Sim DISTRIBUTION OF PROJECTED CIVILIAN
LABOR FORCE AND HYPOTHETICAL 1975 OCCUPATIONAL
REQUIREMENTS

Sex distribution 1975 civilian
labor form

Hypothetical 1975 requirements

Based on 1964
proportions

Based on
1958-64 trends
in proportions

Total

Male .
Female

100

===.7=8
37

100

64
86

100

m=7.3
37

0-,
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APPENDIX TABLES

APPENDIX TABLE A-1. EMPLOYMENT IN 1964 AND PRO..
MOTIONS OF EMPLOYMENT REQUIREMENTS IN 1975
UNDER AN, ASSUMPTION OF 3 PERCENT UNEMPLOYMENT

[In thousands]

Employment

Total labor foroe
Less: Armed Forces_

Civilian labor force
Less: Unemployment (8 percent as-

sumed in 1975)
Civilian employment

Less: Agricultural employment
Nonagricultural employment

Less: Nonagricultural self-employed
worEere

Nonagricultural unpaid family
worxers

Domestics
Nonagricultural wage and salary em-
firployees, other than in households
Difference between oount ofjobs and oount

of people I
Employees in nonagricultural establish-

ments (based on payroll reports)

Actual 1964
employment

Projected 1975
requirements

76, 971
2, 738

74,233

3,876
70, 357

4, 761
65, 596

94,100
2, 700

91,400

2, 740
88, 660
3, 745

84,915

6, 266 7, 420

594 865
2,621 3,240

86,116 73, 390

2,041 2,485

88, 156 75, 875

I Most of 2 million difference between the household and nonfarm establish-
ment surveys can be explained by conceptual differences in the 2 series. There
were an estimated 3.1 million dual jobholders in May 1964, whose secondary
jobs are reflected in the payroll count but not in the household data. Partly
offsetting this difference were about 900,000 employees on unpaid absences-
not counted in the payroll series but included as employed in the household
series. The remaining difference would be accounted for mainly by the
misclassification in the household survey of some officers of small corporate
enterprises as self-employed rather than as wage and salary employees.
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APPENDIX TABLE A-2. EMPLOYMENT OF NONAGRICUIr.
TGRAL WAGE AND SALARY WORKERS, BY INDUSTRY,
1964, AND PROJECTED REQUIREMENTS, 19751

[In thousands]

Actual 1964
employment

Projected 1975
requirementa

- .
Percent
change ,

Total 88,186 75, 875 30

Mining 633 620 (1)Content construction 3, 086 4,190 37Manufacturing 17, 259 19, 740 14Durable goods 9, 813 11, 500 17
Ordnanos and accessories._ 247 250 (3)Lumber and wood prod-

ucts , except furniture.-_ 603 850 -9Furniture and fixtures 406 510 26Stone, clay, and glass prod-
ucts 612 675 10Primary metal industries.- 1,231 1,290 5

Fabricated metal products_ 1, 187 1,460 23Machinery 1, 606 2,050 28Electrical equipment and
supplies 1, 548 2,000 29

dation equipment
Tran Xtor vehicles and

1,605 1,730 8

equient.....- 755 800 6Airman and parts 604 576 -5
Instruments anti relatedproducts- 389 510 38
Miscellaneous manufactur-

ing industries- 899 475 19Nondurable goods 7,446 8, 240 11
Food and kindred products. 1, 746 1, 665 -3Tobacco manufacturers-- 89 80 -10
Textile-mill products 891 880 (1)Apparel and related prod-

ucts 1,802 1, 825 17rawr and allied products__ 625 775 24Pftting, publishing, and
allied products 951 1,100 16

Chemicals and allied prod-
ucts 877 1, 125 28

Petroleum refining and re-
lated industries- 183 160 -13Rubber and miscellaneous
plastic products 434 580 34

Leather and leathee prod-
ucts 348 350 (3)Transportation and public utilities_ 3,947 4, 425 12Trade, wholesale and retail 12,132 16, 150 83Finance, insurance, and real estate- 2,964 3, 725 26Swims and misoellaneous- 8,569 12,275 43Total government 9, 695 14, 750 54Federal government 2,348 2, 525 8State and local government 7,248 12,225 69

I Projections assume an unemployment rate of 8 percent in 1975.
'Less than 3 peroent.

NOTE: Because of rounding, sums of individual items may not equal totals.
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Employment, Output, and Policy Requirements For
Full Employment

Introductory Note

A major revision was made to the official na-
tional income statistics after the present study had
been completed. It was not possible to redo the
whole analysis on the basis of the revised data
since none of them were available until this report
had been drafted. Moreover, all of the needed
data will not be available for some time. No doubt
many specific estimates presented here would be
somewhat different if the revised data could be
used at every stage. However, it appears that the
primary conclusions and policy recommendations
presented below would not be changed
importantly.

A part of the revision in the national income
statistics has been incorporated into this report.
For 1962 and earlier years, the old GNP statistics

are used. But the GNP inerea8e8 since 1962 are
taken from the revised data. Thus, while the anal-
ysis and projections are based on the old histori-
cal series, the better statistical estimatesnow avail-
able for the 1963-65 period are used to measure
GNP growth during that time. This procedure
should approximate what a regular annual revi-
sion of the statistics would have shown for the
most recent years on the basis of the old historical
series. The relation among the different series is
as follows :

GNP
[In billions]

1965,
19611 1963 1964 ki quarter

$556. 2 $583. 9 $622. 6 $658. 0
560. 3 589. 2 628. 7 665. 9
556. 2 585. 1 624. 6 661. 8

Old series
Revised series
Series used here_ _

Summary

This report analyzes the employment gains that
will be needed to achieve full employment of the
labor force in the years ahead, the expansion of
demand and output that will be necessary to create
the needed employment opportunities, and the
Government economic policies that will be neces-
sary to bring forth the required expansion of
demand and output. The analysis centers on a 31/2-
percent unemployment rate as an interim defini-
tion of full employment. This definition is chosen
because it lies sufficiently far ahead to be a useful
target and yet appears to be attainable without
overextending th.e economy's industrial capacity
or encountering prohibitive shortages of suitably
trained labor. The implications of a 3-percent un-
employment target are also examined briefly,
though the estimates in this case are far more con-
jectural. The analysis is concerned mainly with
the economy under expected normal future condi-

206-754--Nvol. 1-14

tions the special circumstances of the Vietnam
war are treated as a temporary departure from
the min assumptions.

\Despite the rapid output gains of the past 2
years which have lowered the unemployment rate
below 41../2 percent, expansionary fiscal measures
will be required in the immediate future in order
to achieve full employment and to maintain it,
once achieved. The impact of the 1964 tax cuts
on the unemployment rate lias been realized al-
ready. And we are just entering the period of
most rapid increases in the labor force. Unless
future employment gains are accompanied by

islower productivity mprovements than past ex-
perience suggests, total demand and production
will have to accelerate if full employment is to be
achieved.

To bring the unemployment rate to 3% percent
by the start of 1968, employment will have to ex-
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pand by 41/2 million in the 21/2 years starting with
the third quarter of 1965. 9Co create this many
jobs, GNP will have to increase to an estimated
$809 billion in the first quarter of 1968. Thus,
from a projected $684 billion GNP in this year's
fourth quarter ($688 billion in the revised data),
GNP gains from then until the first quarter of
1f/68 would have to average $14 billion per quar-
ter. This compares with average gains of $10.5
billion experienced in the six quarters since the
1964 tax cuts took effect.

A median estimate of the Federal fiscal policies
needed to achieve this output and, hence, these em-
ployment goals is a 5-percent annual increase in
Federal purchases of goods and services
a $10 billion increase between 1965 and 1968
together with a 13-percent personal income
tax cut ($7 billion valued at 1965 income
levels) effective by the end of 1966. This
is just one policy combination that would pro-.
vide the needed stimulus, and it could involve a
wide range of specific programs. Alternative pol-
icy measures having an equivalent fiscal stimulus
are discussed below. (With any of these, it should
be noted that total Federal expenditures will rise
by considerably more than the specified increase in
Federal purchases. Transfer payments to individ-
uals, businesses, and other levels of government
will be increasing. Unlike Federal purchases,
these transfers do not directly generate a demand
for labor; and they augment total income only to
the extent that they are not matched by equivalent
increases in Federal revenues. Taxes and transfer
expenditures under presently scheduled programs,
such as the excise tax cuts, Medicare, and grants to
State and local governments have been accounted
for in the estimate of future policy requirements,
with Federal expenditures °tiler than purchases
projected to increase by $14 billion between 1965
and 1968. (The indicated changes in Federal pur-
chases and taxes are in addition to these.) In 1968,
a $31/2 billion deficit is projected for the Federal
budget in the national incomeaccounts with the
policy steps described above.

Underlying the median estimate of policy needs
are two alternative projections of future private
investment demands. Neither projection suggests

a need for reducing corporate-profits taxes. How-
ever it is assumed that an expansion of money and
credit will occur sufficient to accommodate the 7.4
percent annual increase in GNP between 1965 and
1968 without sharply higher long-term interest
rates than prevail at present.

In order to achieve the 31/2-percent unemploy-
ment goal a year earlier, by the start of 1967, ear-
lier fiscal stimulus would be required. A large de-
fense buildup in connection with the Vietnam war
is a realistic context in which to examine this pos-
sibility. If, by the start of 1967,_there is an in-
crease of 800,000 in the Armed Forces together
with a $10-billion increase from recent levels in
the rate of Federal purchases for defense, no addi-
tional fiscal stimulus would be needed to reach full
employment by 1967.

Reaching a 3-percent unemployment target
would require an estimated further stimulus equiv-
alent to $4 billion of additional Federal purchases
superimposed on any of the policy combinations
that would achieve a 31/2-percent unemployment
rate. However, this and other estimates associated
with 3-percent unemployment are necessarily quite
uncertain from this distance.

Whatever the unemployment target, once it is
achieved, output and employment will grow less
rapidly. Eventually, investment demands can be
expected to slacken and further fiscal stimulus will
be required to maintain full employment in sub-

uent years.
Inflation is not expected to pose a prohibitive

conflict with a 31/2-percent unemployment target.
A 2- to 21/2-percent annual increase in the GDX
price deflator is projected in this case, only
moderately above the rate of increase in recent
years. The Consumer Price Index would advance
at about the same rate as the GNP deflator and
average wholesale prices, perhaps one-half a per-
centage point slower. With a 8-_percent unemploy-
ment rate, the threat of considerably more price
pressures exists. These can be assessed far better
once experience is available with the 4-percent rate;
but from now, projected increases of 8 to 4 percent
a year in each of the three price measures seem
likely for the 3-percent unemployment economy of
the future.



The WA-Percent Unemployment Goal

Employment Output and Productivity

Table 1 summarizes the estimated employment
mcreases required to reach a 31/2-percent un-
employment rate by 1968 and to maintain that rate
in subsequent yrears. The increases in total em-
ployment are based on projections of total labor
force growth made by he Bureau of Labor
Statistics and econometric estimates of the relation
between labor-force participation rates and unem-
ployment. In projecting the employment break-
down, the minor categories of military, agricul-
ture, and civilian Government employment are
projected separately. This leaves the balance of
the needed employment increase in the private non-
agricultural sebtor, all of which is projected for
nonfarm businesses. The employment breakdown
arrived at in this way is consistent with the pro-
ductivity_and total output projections discussed
below. However2 the total output projections are
not highly sensitive to the breakdown given here.

The extremely rapid employment increases dur-
ing the 1965-68 period arise fivm the need both
to create 4 million civilian jobs for the projected
increase in the potential labor force between these
years and to create jobs for an estimated additional
1.5 million workers who would have been em-
ployed in 1965 had the unemployment rate been
at 31/2 percent throughout that year with the labor
force at its corresponding potential level. The
employment gains after 1968 reflect only the jobs
needed for the expanding labor force, since 31h
percent unemployment is assumed to prevail in all
subsequent years.

The output gains needed to create the jobs out-
lined in the previous section will depensi on the
changes that occur in output per man, which in
turn will depend on developments in man-hour
roductivity and changes in average hours worked.

the unemployment rate falls in the projection
period, output per man is expected to continue to
expand faster than its trend rate. Between 1965
and 1968, output per man in the private nonagri-
cultural sector is projected to rise by 2.6 percent
per year, and by 2.35 percent per year thereafter.1

Table 2 gives the projections of GNP resulting
from these calculations. These are the current
dollar values of total output needed to achieve and
maintain a 31/2-percent unemployment rate start-
ing in 1968. Real output requirements have been
converted to current-dollar GNP requirements by
projecting a 2-percent average annual increase in
the prices-of-all final outputs. This rate of in-
crease in the GNP price deflator is about one-half
a percentage point above that experienced in re-
cent years; it reflects the smallest change that can
be expected in light of the higher utilization rates
and lower unemployment in the projection years.

The GNP projections may be analyzed with ref-
erence to the concepts of potential output and the
output gap. Defining potential output as the
GNP that would prevail with a 31/2-percent un-
employment rate, the output gap at any time is
defined as the difference between potential and
actual GNP. The gap estimated for 1963 is $34
billion, or 5.7 percent of actual 1963 GNP. For

TABLE 1. ACTUAL AND PROJECTOD EMPLOYMENT ASSUMING 3% PERCENT UNEMPLOYMENT IN 1968 AND SUBSEQUENT YEARS

Type of employment Actual

1955 1956

Total civilian employment 63. 2 65. 0

Private nonagricultural employment
Nonfarm business employment

49,
41.

7
0

51. 5
42. 6

Agricultural employment 6. 7 6. 6
Government employment 6. 8 6. 9

Employment (in millions)

Antici-
pated

Projected
Average annual percent changes

1964 1965 1968 1975 1980 1956-64 1965-68 1968-75 1975-80

70. 4 72, 1 77. 6 87. 8 95. 3 1. 0 2. 5 1. 7 1. 7

56. 2
46. 8
4. 8
9,4

57. 8
48. 4
4. 6
9. 8

62. 6
53. 2
4. 0

11, 0

70. 1
60. 7
8. 0

14. 7

74.7
65.8
2.5

18.1

1. 1 2. 7 1. 6 1.3
1. 2 8. 2 1. 9 1. 5

-3. 9 -4. 0 -4. 0 -4. 0
3.9 4.2 4.2

l Throughout, output per man in agriculture rises by 5 percent to the convention by which Government output is measured by
the labor input used.a year and remains unchanged in the Government sector owing
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1964 it is $31 billion, or 4.9 percent of GNP. And
for 1965, the gap expected on the basis of a $668
billion GNP for the year ($672 billion in the re-
vised data) is $23 billion, or 3.5 percent of the
projected GNP.

TABLE 2. AcTum, AND PROJECTED GROSS NATIONAL PRODUCT
ASSUMING 3% PERCENT UNEMPLOYMENT IN 1968 AND
SUBSEQUENT YEARS

[In billions]

Gross national
product

Gross national
product-cur-
rent prices....

Gross national
product-cur-
rent prices__ _

Gross national
6 product-

constant
prices (total
real output)

Actual Anticipated Projected

1956 1061 1964 1965
4th
qtr.
1965

1st
qtr.
1968

1968 1975 1980

$419 $519 $625 $668 $66.1 $809 $828 $1, 259 $1, 692

Average percent change per year

1956-61 1961-64
4th qtr.
1065-1st
qtr. 1968

1965-68 1968-75 1975-80

4.4 6.4 7. 8 7. 4 6. 2 61.

2. 3 4. 9 5. 7 5. 3 4. 1 4. 0

As in the case of the employment projections,
the rapid GNP gains required 13etween 1965 and
1968 reflect the need both to close the present out-
put gap and to keep pace with the growth in
tential GNP between now and 1968. With
potential GNP growing at an average of $45 bil-
lion per year between 1965 and 1968, actual GNP
gains in 1966 and 1967 will have to average $14
billion per quarter starting from a projected GNP
of $684 billion in the fourth quarter of 1965 ($688
billion in the revised data). This compares with
^,verage gains of $10% billion in the six quarters
since the 1964 tax cuts. In terms of total real
output (GNP adjusted for price changes) , the 5.7
percent annual rate of increase needed between the
end of 1965 and the start of 1968 compares with a
4.7-percent annual rate of increase since the tax
cut.

With 31/2-percent unemployment achieved by
1968, more modest GNP gains will be sufficient
thereafter to create the neeled expansion of jobs.
Between 1968 and 1975, GNP increases averaging
6.2 percent a year should maintain a 31/2-percent
unemployment rate. These would represent in-
creases in total real output of 4.1 percent a year
and in private nonfarm real output of about 4.0
percent a year. Even these increases are substan-
lally faster than those achieved between 1956 and
1964, when total real output grew at an average
annual rate of 3.2 percent and private nonfarm
output grew only slightly faster.

Policies

With the necessary output targets now speci-
fied, it is possible to examhie what Government
economic policies will be necessary to achieve these
targets and their associated employment goals.
Presently scheduled Government programs are
taken as given and the policies discussed are in
addition to these. The presently scheduled pro-
grams assumed in this way are ( all figures at an-
nual rates) :

1. Net reductions of excise taxes of $1.7 billion
in the second half of 1935, with further reductions
reaching a total of $5.3 billion by 1969.

2. Payroll tax increases, including employers'
and individual& shares, of $5.1 billion in the first
half of 1966, with further increases reaching a
total of $11.4 billion by 1969.

3. Increases in social insurance benefits of $2.0
billion in the second half of 1965 (plus a one-time
increase of $3.2 billion in the third quarter of
1965)2 with further increases reaching a total of
$9.5 billion in 1969.

In addition, Federal grants-in-aid to State and
local governments are assumed to increase by 9
percent each year to a level of $17.4 billion in 1970.
Together with a 71/2-percent annual increase as-
sumed for State and local revenues from personal,
corporate, and indirect business taxes, this matches
a projected increase of 8 percent a year in State
ancl local government purchases of goods and serv-
ices. (One of the policy alternatives discussed
below adds further to Federal grants-in-aid and,
hence, to State and local purchases.)

Altogether, Federal expenditures other than
purchases of goods and services are projected to
increase by $14 billion betweon 1965 and 1968.
This increase in Federal transfer expenditures
arises from the projected growth in grants-in-aid
to other levels of Government, expanded transfer
payments to individuals through the Govern-
ment's social insurance trust funds, and increased
interest payments.

Unlike Federal purchases, which do both, these
transfer expenditures augment irrwmes and rev-
enues of other spending units in the economy but
do not directly generate a demand for labor. In
the projection period, their impact on tftal income
is more than offset by the projected increase in
total Federal revenues that would occur in moving
to full employment by 1968. In the absence of tax
changes other than those now scheduled, Federal
revenues at full employment in 1968 are projected
at $152% billion (national income accounts basis).
If Federal purchases of goods and services are
held at present levels, total Federal expenditures
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in 1968 would be $137% billion under the indicated
growth of Federal transfers, leaving a $15 billion
full employment surplus in the Federal budget.
The present analysis indicates that full employ-
ment is not attainable under these circumstances.

The additional policy steps needed to achieve
full employment are estimated using two alterna-
tive assumptions about future business investment
demands. The analysis underlying these invest-
ment projections is based on capital stock and
capital stock retirement estimates constructed for
this report. The two projections are believed to
span the likely developments in private investment
demands in the 31/2 percent unemployment econ-
omy of the future. Each estimate of investment
demand, in turn, permits an estimate of total de-
mands and the policies needed to achieve the out-
put and employment goals outlined above. An
average of the policy requirements indicated by
each of the two assumptions is presented here as
the best current estimate of future policy require-
ments.

The range between the high and low investment
projections is considerable. For the full employ-
ment economy of 1968, with the highprojection, in-
vestment demand is 10.2 percent of GNP and with
the low projection, 8.6 percent. The range amounts
to $6.6 billion on either side of the midpoint of
9.4 percent that is taken as the best present esti-
mate. This is an indication of the inherent uncer-
tainty that must surround such projections.

Both the higher and lower investment projec-
tions are based on expected growth in the stock
of fixed business capital relative to employment
and output that is greater than that experienced
in the 1955-64 period. Such projections assume
that future financial factors will be more favorable
to investment than were those in the past period.
The tax incentives of 1962 and 1964 are two rea-
sons. The other important one is the assumption
that future borrowing costs will not rise sharply
from present levels as they did after the mid-
1950's.

C orporate T ax Reduction. The question of cor-
porate profits tax, reduction or similar investment
mcentives is explored by comparing projected non-
farm business mvestment demands with projected
retained corporate cash flows, defined as retained
earnings plus corporate capital consumption al-
lowances. Under either of the two investment
projections, the ratio of retained corporate cash
flows to nonfarm business fixed investment is ade-
quate in comparison with the ratios that prevailed
in 1955-56, the last comparable period. Under
the higher investment projection, the ratio is 0.76
in 1968, 0.78 in 1970, reaching 0.83 in 1972, and
remaining at near this level thereafter. Under
the lower investment projection, the ratio is 0.92
in J 968 ; it reaches 1.00 in 1970 and continues rising
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sharply thereafter. For the average of the two
projections, the ratio is 0.84 for 1968 and 0.89 for
1970, rising sharply thereafter. By comparison,
the average for 1955-56 was 0.75.2

Further tax benefits resulting in greater cash
flows and higher rates of return would lead to
higher investment levels, particularly if the bene-
fits took the form of specific investment incentives.
For this reason, whether a need exists for further
business tax benefits cannot be said until the desired
rate of investment has been specified. However,
in the projected circumstances of historically am-
ple cash flows at full employment, the expected
response from further tax benefits, while positive,
is likely to be small. Therefore, if full employ-
ment is the main goal, the need for future fiscal
stimulus appears to be in the direction of creating
markets through higher consumer and Govern-
ment demands; rather than creating capacity to
satisfy already adequate demands from noninvest-
ment sectors.

Policy Requirements

The kinds of fiscal measures needed to achieve
and maintain full employment in future years are
shown in table 3. For simplicity, the table sum-
marizes the needed stimulus as a dollar amount of
typical income tax reduction with two alternative
growth rates in Federal Government purchases of
e,croods and services. Below, various alternative
policy measures having a comparable effect on em-
ployment will be discussed.

Under the first assumption, table 3 shows that if
Federal Government purchases rise by 5 percent a
year to $76 billion in 1968, a 13-percent tax reduc-
tion ($7 billion at 1965 income levels) would be
needed starting in mid-1966 to achieve 31/2-percent
unemployment by 1968. These first years are char-
acterized by exceptional investment demands as
plant and equipment is added rapidly to keep pace
with the expansion in output and employment.
By the early 1970's, most of the catching up in the
capital stock is completed. In addition to the con-
tinuing 5-percent annual rise in Federal purchases
in each future year, additional stimulus, estimated
at a further 15-percent tax reduction ($10 billion
valued at 1970 income levels), is necessary to make
up for the lower investment demands expected in
subsequent years.

Under the second assumption, table 3 indicates
how much larger the tax stimulus must be if Fed-
eral Government purchases rise more slowly. As
in the 1963 to 1965 period, when the impact of a
totally successful tax reduction was partially off-
set by the failure of Federal purchases to rise in

2 The recent data revisions appear to strengthen this conclusion,
raising cash flows relative to investment more in recent years
than in the mid-1950's. This change would probably work in the
same direction in the full employment projections, although
without redoing the entire analysis with the new data, this is not
certain.
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step with potential GNP (at least until the defense
buildup), the tax reductions shown for mid-1966
would be inadequate if Federal Government pur-
chases rose by only 2 percent per year.

TABLE 3. FISCAL MEASURED NEEDED TO ACHIEVE AND
MAINTAIN FULL EMPLOYMENT 1

Alternative
assumptions

Income tax reductions
needed in mid4995
to achieve 34% un-
employment by 1968
(at 1965 income
levels)

If Federal Government $8.8 billion
purchases rise 6 peroent or
each year (from $554
billion anticipated for

12.7 percent

1965 to $76 billion in
1958 end $107 billion in
1975. 5

If Federal Government $12.2 billion
purohasee rise 2 or
each year (to $69
billion in 1968 an to

22.9 percent

680 billion in 1975).

Additional income tax
reductions needed
after 1970 to sustain
814% unemployment
(at expected .1970
income levels)

$9.9 billion
or

15.0 peroent

$16.5 billion
or

28.2 peroent

I See discussion under policy requirements.

Looking beyond the early 1970's, a need for fur-
ther tax reduction is likely to arise even with a
continuing 5-percent annual increase in Federal
purchases. It is almost certain to arise in the pro-
jection with only 2-percent annual increases. B. ut
the uncertainty surrounding such distant periods
is very large. After 1975, somewhat slower growth
in the labor force and potential output are ex-
pected. This suggests that a slower rate of capi-
tal formation will be needed and the rate of net
investment will decline. This decline may be re-
inforced by lower replacement demands for struc-
tures, echoing the long depression in new con-
struction that started after the 1920's. But the
force of these factors and the extent to which they
will be offset by other developments is hard to
estimate. In particular, the abundant cash flows
cited earlier eventually should have the effect of
stimulating investment or, through higher divi-
dend payments, raising personal incomes and
consumption. Some such effects may operate to
sustain private demands above the levels now pre-
dicted even in the early 1970's. As that time ap-
proachas, far better estimates can be made.

Finally, the uncertainty surrounding even the
1968 projections should be mentioned again. The
range of the alternative investment projections
translates approximately into an unemployment
range between 3.0 and 4.0 percent. Unless the
costs of overshooting are different from the costs
of falling short, policies conceived today can do no
better than to aim at the middle of the range.
Subsequent adjustments in policy are not difficult
to make.

Alternative Forme of Samba. Policy re-
quirements have thus far been presented in terms

of general personal income tax reductions com-
bined with two alternative growth rates for Fed-
eral Government purchases of goods and services.
A wide range of specific programs could be in-
cluded withm these totals with negligible differ-
ences in fiscal impact. Ld fiscal measures of a
somewhat different nature, affecting Government
transfers or specific forms of taxes, could be sub-
stituted with only small differences in their im-
pact on employment and output. Therefore the
choices among such alternatives should clearly be
made on other criteria, such as their distribution of
benefits within the population the need for spe-
cific progranis, and the desired composition of
total output between public services or mvestments
and private consumption. What is important for
employment and output is that their total fiscal im-
pact be sufficient.

Following are some examples of the range .of
policy alternatives that can be used, with an in-
dication of the differences that could be expected
in their fiscal impact.

1. Social insurance tax reduction could be used
in place of general personal income tax reduction.
(General revenues could be used to offset the loss
of receipts by the social insurance trust funds.)
If the reductions were confined to the individual
contributions to the trust funds, their economic
impact might be slightly larger than that of gen-
eral income tax reduction because of their greater
relative relief to low-income taxpayers. At one
extreme, tax relief would be extended to low-in-
come groups which presently pay no income tax
but are subject to social insurance taxes and to in-
direct taxes from all levels of Government. If
the reductions included employer's contributions
as well, they would in addition have the desirable
effect of lowering business costs, but would have a
less certain impact on output and employment per
dollar of tax reduction.

2. Selective forms of income tax reduction could
be used in place of general rate reductions. Of
the many possibilities, the range of their economic
impact may be illustrated by two examples.

a. Most potent in its economic impact and most
focused on relief to low-income groups would be an
extension of the income tax scale into the negative
tax range. This might achieve the same economic
impact with perhaps 10 percent less revenue loss than
a general income tax reduction.

b. An increase in the size of personal exemptions
would have an economic impact comparable to gen-
eral income tax reduction.

3. Higher levels of Federal Government pur-
chases would have about an 8-percent larger im-
pact on output and employment than the same
amount of general income tax reduction. An $84
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billion level of Federal purchases in 1968 would
achieve the 31/2-percent unemployment target
without tax reductions.

4. Larger Federal grants to State and local gov-
ernments would have the same impact as larger
Federal purchases if they enlarged State and local
spending by their full amount. However, to some
extent, they may substitute for other State-local
revenue sources without enlarging spending, in
which case they would have the impact of various
forms of tax reduction. Unrestricted Federal
grants, which are not tied to particular spending
programs or uses, have recently received attention
as a means of financing needed expenditures while
limiting the growing use of indirect taxes. On
balance, these inight be expected to have an even-
tual impact on output and employment not sig-
nificantly different from general income tax
reductions.

5. Expanded transfer payments to persons are
formally equivalent to negative taxes. However,
owing to the concentration of benefits among
lower income groups that most transfer programs
would involve, their impact on output and em-
ployment could be slightly higher than that of
general income tax reduction. (If existing trust
funds were used, general revenues could again be
used to replenish the trust funds.)

The Composition of Output. The khids of pol-
icy changes that are chosen for providing fiscal
stimulus will affect the composition of final out-
put. Table 4 gives a breakdown of the likely
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composition of output in the 3%-percent unem-
ployment economy of 1968 under some alternative
policy combinations. It also compares these 1968
projections with the 1955-56 period, the last time
that low unemployment rates were experienced.

The policy A profile shown in the first column
of the table illustrates why the achievement of
full employment will require substantial fiscal
stimulus. With the policies indicated for that
profile, business-fixed investment would have to
total an estimated 11.1 percent of GNP for 314-
percent unemployment to be attained. This is
far higher than the investment demand actually
expected, and policies are needed to expand other
demands accordingly.

The policy B, C, and D profiles all illustrate
alternative compositions of full employment GNP
that are attainable. Comparing them with the
actual experience of 1955-56 illustrates the major
changes that will have evolved in the composition
of output.

The mean estimate of business-fixed investment
demands in the 31/2-percent unemployment econ-
omy of the late 1960's is 9.4 piircent of GNP. This
is about 1 percentage point below the 10.3 percent
of the 1955-56 GNP devoted to business-fixed in-
vestment. Other significant changes from the
earlier period are the much larger share 3f State
and local government purchases and the far
smaller share of Federal purchases, even under the
policy D profile which assumes they are increased
to $80 billion by 1968. In all but the policy D
profile, more of GNP is devoted to consumption
in the 1968 projections ; and in all profiles, con-

TABLE 4. THE 1968 ECONOMY AT 3% PERCENT UNEMPLOYMENT UNDER ALTERNATIVE POLIOY MEASURES

Item

A
Successful policies

Average of actual
1955-56 eeonomies

B c D

In
billions

Percent
of GNP

In
billions

Percent
of GNP

In
billions

Percent
of GNP

In
billions

Percent
of GNP

In
billions

Percent
of GNP

Gross national product

Residential construction
Inventory accumulation
Net exports
State and local government purchases
Federal Government purchases
Business-fized investment
Consumption

Disposable personal income
Corporate profits after taxes

$828 100. 0 $828 100. 0 $828 100. 0 $828 100. 0 $408 100. 0

33
6
8

88
70
92

533

573
45

4. 0
. 7

1.0
10. 4
8. 4

11. 1
64.4

69. 2
5. 5

33
6
8

86
70
75

547

588
45

5.7MI1

10. 4
& 4
9. 4

66. 1

71.0
5.5

38
6- 8

86
76
78

541

582
45

1 5.7

10. 4
9. 2
9. 4

65. 3

70. 3
5. 5

83
6
s

88
80
78

535

575
45

1
' 5. 7
I

10. 6
9. 7
9. 4

64. 6

69. 5
5. 5

25

32
46
42

283

284
23

8.2

7. 8
11. 1
10. 3
64. 5

69. 5
5. 7

Policies: A-Slow rise in Federal purchases; no tax cuts. Indicated GNP not attainable because indicated level of business-fixed investment is far greater than
analysis predicts will occur. Federal policy keeps present income tax rates and increases Federal purchases of goods and services by 2 percent
a year to levels shown. Presently scheduled changes in other tax and transfer programs assumed to occur as described in text (including a
9 percent a year increase in grants to State and local governments).

B-Sloto rise in Federal purchases; large tax cuts. Required stimulus to reach 334pereent unemployment provided entirely through a 23-percent
reduction of personal income taxes ($12 billion reductien at 1965 income levels). Other programs as in A.

C-Larger increase in Federal purchases; moderate tax cuts. Required stimulus provided through a combination of faster inexesse in Federal pur-
chases of goods and services, which rise 5 percent eaoh year to level shown, and a 13-pereentreduction in personal income taxes ($7 billion at
1965 income levels). Other programs as in A.

D-Large increase in Federal purchases; new Federal grants to State and local governments; no fax cuts. Required stimulus provided through (1) a
rise in Federal purchases of goods and services by $4 billion more than the 5-pereent annual rise used in C; (2) an increase in untied grants
to State and local governments of $4 billion in addition to the 9-pereentannual rise in Federal grants assumed in A, half of these untied grants
assumed to expand State and local government purchases and half to reduce State and local taxes. Other programs as in A.

:::::74.77..a.,WwW4==.Wwz-kgaz-xr434.1gagh,l7
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sumption plus total Government purchases are
greater than they were in 1956.

A present projection of the 3%-percent unem-
ployment economy in the 1970's would show a
smaller fraction of GNP going to business-fixed
investment. The deficiency of business structures
and equipment will have been made up by the
high investments of the late 1960's, prompted by
the rapid rise of GNP to its potential level. Sub-
sequently, for at least an interim period, invest
ment spending would be expected to rise less
rapidly.

The Federal Budget. The policies needed to
reach full employment imply a small deficit in the
Federal budget projected for 1968. Using the
policy C profile described in table 4, propcted
Federal receipts and expenditures on a national
income accounts basis are shown below in table 5,
together with the expenditures expected for 1965.

TABLE 5. FirmAL BUDONP IN TIIE NATIONAL INCOME
AMOUNTS, 1965, AND PROJECTED 19681

an billions]

Budget

Total deficit

All exPenditures
Purchases of goods and servicee
Personal and foreign transfers
Grants to SU te and local governments_
Net interest isid
Subsidies less current surplus of

government enterprises

All revenues..
Personal income taxes
Corporate profits taxes
Inftect business taxes
Social insurance contribution&

1968

83.

147. 5
76.0
44.0
14.5
9.5

& 5

144. 0
68. 0
83. 5
17.0
35. 5

1965

128.0
65. 5
84.0
11.5
8. 5

3.5

l Assuming BM-percent unemployment, using policy C. (See table 4.)

The 31/2-Percent Goal by 1967

The discussion until now has assumed a
percent unemployment target will be achieved by
1968. To advane- the target date to 1967 would
require an earlier fiscal stimulus. The longer run
needs for sustaining 31/2-percent unemployment in
future years would be unchanged.

With good gains in output and employment now
assured for 1965, a strong fiscal program started
in the immediate future should be capable of
achieving this goal. The enlarged defense activ-
ities associated with Vietnam will reduce the non-
defense output and employment opportunities as-
sociated with potential GNP; similarly, they will
reduce the fiscal stimulus required from civilian
programs. Although the defense buildup is as-
sumed to be temporary, it affords a realistic con-
text in which to examme the possibility of reach-
ing full employment by 1967.

If, by the start of 1967, there is an increase of
300,000 in the Armed Forces together with a $10

billion increase from recent levels in the rate of
Federal purchases for defense, no additional fiscal
stimulus would be needed to reach full employ-
ment by 1967. (Indeed, the present rate of busi-
ness investment spending relative to GNP is larger
than its equilibrium rate projected in this study.
The present analysis indicates this is temporary ;
but should it continue throughout 1966, 33k-per-
cent unemployment by 1967 would be consistent
with a rise in the rate of defense purchases a few
billion dollars smaller than indicated here.) Fed-
eral nondefense purchases of equal amount could
be substituted for a part of this rise in defense
purchases with equal effect on output and the un-
employment rate.

Under these circumstances, the 3%-percent un-
employment GNP projected for 1967 is $777 bil-
lion, $3 billion lower than the projection with the
2.7-million man Armed Forces expected for nor-
mal future years. From an anticipated $684 bil-
lion GNP in the fourth quarter of 1965 ($688
billion in the revised data), GNP gains of $14 bil-
lion v ill be needed in each of the following five
quarteis to achieve the target by 1967, with $12
billion quarterly gains needed during the remain-
der of 1967 to maintain a 3%-percent unemploy-
ment rate. When changing conditions permit a
reduction in the Armed Forces and a cut in spend-
ing for defense, fiscal stimulus designed to expand
civilian output will have to be introduced in line
with the projections made earlier.

Prices

The GNP price deflator is projected to increase
by 2 to 2% percent yearly in the 31/2-percent un-
employment economy of the future. (The 2-per-
cent rate of increase has been used in making the
GNP projections in this paper.) The Consumer
Price Index should rise at about the same rate
while the corresponding increase in wholesale
prices is expected to be about 11 to 2 percent an-
nually, reflecting the absence of service prices in
this index. These moderate rates of price increase
are somewhat siower than an analysis of the entire
postwar period would suggest for low unemploy-
ment, high-profit conditions. However, our recent
experience has been better than the postwar aver-
age. The widespread discussion of the adminis-
tration's wage-price guideposts may be having a
favorable impact in industries and labor markets
where considerable discretionary _power over wage
and price decisions exists And for the future,
labor force policies designed to upgrade skills and
basic educational accomplishments and to increase
the mobility and adaptability of workers should
reduce the cost pressures of lower unemployment
rates. The 2- to 21/2-percent rate of increase pro-
jected for the GNP deflator assumes continued
efforts will be made in this area.



The 3-Percent Unemployment Goal

The characteristics of a 3-pereent unemploy-
ment economy and the policies needed to achieve
and maintain it are harder to estimate. The be-
havior of productivity, labor-force participation
rates, average hours of work, business investment,
and wages and prices that would accompany a

imove to 3-percent unemployment must all be n-
ferred from a postwar history, lacking the appro-
priate direct observations. The estimates are nec-
essarily speculative and subject to 3onsiderably
wider error than those presented above. They
may nonetheless offer some guidance for the future.

The discussion here will be in terms of reaching
a 3-pereent unemployment target by the start of
1970 after achieving 31/2-percent unemployment
by the start of 1968.

Licreased labor-force participation rates at 3-
percent unemployment are projected to expand the
total labor force to 86.2 million in 1970, 200,000
above the level projected with 31/2-pereent unem-
ployment in the same year. Projecting 2.7 mil-
lion men in the Armed Forces as before, civilian
employment will have to reach 81.0 million in 1970.
Between 1968 and 1970, employment will have to
rise by 3.4 million or by 2.2 percent per year. In
order to achieve these employment goals total real
output will have to rise by 4.7 percent a year.

The continuation of rapid output gains needed
to achieve 3-percent unemployment should pro-
long the period of rapid increases in business in-
vestment mto the 1970's, and might be expected to
maintain the 1968 investment fraction of GNP in
the 3-percent unemployment economy of 1970.
Under these assumptions, this unemployment tar-
g.et requires a further stimulus equivalent to $4 bil-
lion of additional Federal purchases in 1970 super-
imposed on any of the policy alternatives shown
in ',able 4 for achieving the 31/2-pereent unemploy-

ment goal. As in the earlier discussion, alterna-
tive policies involving different proportions of tax
reduction and spendmg increases could be used.

The issue of sustaining 3-percent unemployment
is parallel to the 31/2-percent case. In the present
projection, investment demands can be expected
to slacken after output gains slow to the growth
rate of potential output. This would require fur-
ther fiscal stimulus to make up the deficiency by
enlarging consumer or government demands.

Moving to a 3-percent unemployment rate would
intensify inflationary pressures in the economy.
Based on an analysis of the whole postwar period,
the difference between 3- and 31/2-percent =em-
ployment could be expected to add at least 1 per-
centage point to the average annual rate of wage
and price increases in manufacturing, with per-
haps a smaller increment in most other sectors.
However, the recent evidence of moderation in
wage and price decisions suggests that this may
be improve:1 upon. In addition, the benefits of
labor force policies, Mcluding trainhig and edu-
cation programs, should be felt most keenly as
unemployment declines to lo^71r levels and a
larger fraction of all jobs go to the youngest and
least skilled workers. All things considered, the
GNP price deflator and indexes of consumer and
wholesale prices are all projected to rise by 3 to
4 percent a year in the 3-percent unemployment
economy of the future. With continued attention
to price and wage decisions by the administration
and expanding efforts in labor market policies and
training programs, the lower of these does not
seem unrealistic. However, further experience
with lower unemployment rates than those pre-
vailing at present would provide much more evi-
dence on which to base a judgment.
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Appropriate Goals for Policy

There is nothing that one can predict at this
time with any conviction that should rule out a
3-percent unemployment target and the pursuit
of fiscal policies capable of achieving it. And no
lesser goal, achieved with more modest policies,
will extend sufficient job opportunities to the most
disadvantaged groups among whom unemploy-
ment is disproportionately concentrated.

There is no presumption that a high-employ-
ment economy is cyclically less stable than one
with lower employment rates. Therefore, the de-
sirability of any particular target can only be
measured against the possible inequities arising
from rapid inflation and any barriers that may
arise from the Nation's balance-of-payments. The
present projection of 3 to 4 percent yearly in-
creases in tbe major price indexes at 3-percent un-
employment is not clearly a deterrent on either
ground.

It is generally agreed that quality changes are
inadequately accounted for in most price indexes,
so that these inflation rates represent a deteriora-
tion of real purchasing power perhaps only half
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as great. And, whatever the inequities of such a
condition, they must be placed against the inequi-
ties of higher unemployment rates. This report
has not attempted an analysis of the balance-of-
payments situation in the future. But competitor
nations will also be experiencing domestic price
increases and the increases projected here are not
clearly excessive.

Ultimately, these questions must be answered as
they arise. There is no need to commit policy to-
day to an irreversible course that may prove un-
desirable at some future date. The projections
given here are necessarily uncertain, the more so
the further they look into the future and the fur-
ther they depart from present conditions in the
economy. While they mdicate that a 3-percent
unemployment goal by at least 1970 is feasible and
may be d.esirable, the first step should be policies
to achieve an interim target of 31/2-percent unem-
ployment. This goal is achievable lay 1967. The
final decision on a lower unemployment targret can
be made with far better evid.ence once the first
experience is available to us.
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Computer Aspects of Technological Change,
Automation, and Economic Progress

I. Summary
This report surveys the important trends in the

computer field and their implications for several
specific industries, and discusses the social impli-
cations of the increasing penetration of computers
into our daily, lives.

It is clear that computers and information proc-
essing are destined to play, a vital role in industry,
commerce, agriculture, education, health, trans-
portation, government, science, and technology.
To paraphrase an advertising slogan, "There s a
computer in your future." Computers will become
much faster and smaller and computing power will
become much less expensive. Computing power
will be available in the same way that electricity
and telephone service are today. As a conse-
quence, information as a commodity will become
less expensive and more readily available. The
amount of raw computing power in the United
States has been doubling every year, and the au-
thor believes that it will continue to grow at that
rate during the next decade, although some com-
puter specialists are more conservative.

As one consequence of these trends, the author
believes that productivity will increase slightly
faster in the next decad.e than in recent years.
However, he rejects the view held by some that a

small percent of the work force, aided by com-
puters and automation, will produce a glut of
goods and services ; rather, he believes that full
employment can be maintained. Increases in
productivity, however,will often outpace demand
in certain industries, displacing people from jobs.
Society must look for ways to minimize the hard-
ships of the displaced and to keep the economy
growing at a rate so that they can find other jobs.

Computers and information processing are ac-
celeratmg the overall pace of technological change.
As the tempo of change increases, men must adopt
the view that education is a continuing process
throughout life. Men must devote more time to
continuing their education ; and society must de-
velop means for providing the financial support.

The possible implications of information proc-
essing for banking and government are shown to
be quite significant. In both cases, the factors
which determine how fast these changes will come
about are political and social, not economic or
technological.

In a world in which information about people
and organizations is centralized in computer files,
the problem of privacy becomes an issue of major
concern.
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II. Introduction
The art of progress is to preserve order amid change
and to preserve change amid order.

Alfred North Whitehead
Scope and Limitations of the Study

This report consists of (1) a survey of impor-
tant trends in the computer field; (2) a look at the
implications of these trends for several specific in-
dustries ; and (3) a discussion of the social impli-
cations of the increasing penetration of computers
into our daily activities. Because of time limita-
tions, these discussions rely mainly on the author's
own experiences discussions with experts, and
readings of selected literature.

In the following pages, the terms "computing,"
"electronic data processing" (EDP), and "infor-
mation processir 0." are used interchangeably. The
last, ansi broad4 term describes what the com-
puter can actually do ; i.e., the systems usually
called computers can process many kinds of in-
formation besides carrying out arithmetic proc-

iesses on numbers. Also, while this report n the
main deals with computers and information proc-
essing, it also attempts to cover those instances of
automation and technological change that are
heavily dependent upon computers.

A distinction is often made between computers
and automation, viz., that automation replaces
man's muscular activity, while computers replace
his mental activity. This distinction often does
not hold since at tunas a mixture of both exists

t
as

in the numerically controlled machine tool whose
operation is controlled by a tape produced by a
computer. However, social problems are much the
same whether arisinifrom computers, automation,
or technological change.

This report does not cover all important appli-
cations of computers, since a number of areas of
major utilization are dealt with in other studies
for the Commission. This report should be read
in conjunction with a companion report by Mer-
rill M. Flood, "Commercial Information Proc-
essing NetworksProspects and Problems in Per-
spective." 1 The development of such informa-
tion processing networks is so important to the
computer field that the Commission singled this
topic out for special study.
Attitudes of the Author. In his excellent book
The Shape of Automation? Herbert A. Simon
suggests that attitudes toward computers and
their economic implications have two dimensions
technological and economic.

1 Merrill M. Flood, Commercial Information Processing Net-
worksProspects and Problems in Perepective, A report prepared
for the National Commission on Technology, Automation, and
Economic Progress, 1966.

2 Herbert A. Simon, The Shape of Automation, Harper & Row,
New York, 1965.
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Like Simon, I am a technological radical and an
economic conservative as he defines them, although
in each case somewhat closer to the center. That
is, with respect to twhnology, I believe that in time
computers will be-lble to carry out any informa-
tion processing task that men can do. However, I
believe that man:v of the problems remainmg to be
solved are very difficult ; i.e., I am not .as optimistic
as Simon, who foresees computers domg anything
man can do, with only minor quahfications and res-
ervations, in our time.

Economically, I reject the radical view that com-
puters and automation, manned only by a small
percentage of the available work force, will pro-
duce a glut of goods and services. Rather, I be-
lieve that although computers and automation will
contribute to a somewhat accelerated rise in pro-
ductivity, full employment can be maintained. I
further believe that although mankind will fmd
life in the future considerably different, both eco-
nomically and socially, the change need not be
traumatic.

This is not to suggest that I believe that com-
puters and automation are not causing problems
requiring economic, social, and political adjust-
ments. They obviously areand the problems are
serious ones.
Same Problems of Measuring the Impact of Com-
puters. Most of the attention given to the social
implications of information processing technology
focuses upon the effects of computers on employ-
ment. An assessment of these effects is quite diffi-
cult because many factors affecting the situation
are changing at the same time. The number of
employees in a computerized firm today can be
compared with the number of employees prior to
the introduction of a computer, but the analysis of
the effect is complicated by changes in volume of
business, different prices (and therefore different
demand) for the firm's products and services, and
often by quite different products and services. The
interplay between computerization, cost, and de-
mand is crucial to the ultimate effect of automation
on employment.3

The effect of the introduction of new technology
in one industry is often felt in another. For ex-
ample, the declining cost of long-distance tele-
phone calls and improved airmail service due to jet
airplanes has had a serious negative impact on the
telegraph industry.

For an excellent discussion of the difficulties associated with
measurement in this general area see Solomon Fabricant, Meas-
urement of Technological Change, Seminar on Manpower Policy
and Program, July 1965, Manpower Administration, Office of
Man5power, Automation, and Training, U.S. Department of Labor,
196.



HI. Computer Trends

Computers Are Becoming Faster, Smaller, and
Less Expensive

Basically, a computer consists of a unit (mem-
ory) for storing instructions and data, a central
processing unit (CPIT), and input/output (I/0)
equipment for getting instructions and data in and
processed results back out. In terms of this sim-
plified concept, let us examine trends with re-
spect to speed, size, and cost. To simplify mat-
ters further, central processors and storage units
will be considered together in the following dis-
cussion since they are both dependent on elec-
tronics, while input/output devices are usually
mechanical with a little electronics mixed in. For
purposes of comparison, the typewriter can il-
lustrate input/output. It is not necessarily typi-
cal, but will, I believe, become one of the most
commonly used I/0 devices of the future. Had
magnetic tape, say, been chosen instead of the
typewriter on figures 1, 2, and 3, it would have
shown much greater increases in speed and de-
creases in cost than typewriters. The "size" curve
(figure 2) for magnetic tape would be about as
fiat as for typewriters.

These graphs are merely intended to give a
general impression of trends. In no case should
the data be considered precise; not only have they
been smoothed, but they are based on various as-
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sumptions regarding definitions not explicitly
given in the text. Because speed, cost, and size
are changing so rapidly, they have been plotted
on a logarithmic scale; that is, each horizontal
line represents a change by a factor of 10.

What are the implications of the information in
these figures? With respect to speed, computers
will be able to do more and more information
processing in a given period of time. For ap-
plications involvmg a high percentage of input/
output, speed increases will not be nearly as sig-
nificant as for tusks with little input/output.
However, a single CPU-storage combination will
be able to serve many I/0 units simultaneously.

The costs of CPU's and storage units are de-
clining even as speeds increase; consequently,
computing power is becoming very inexpensive.
(Fig. 3 depicts the cost of computing power, not
of computers.) Input/output costs will dominate
other costs. As total costs continue to decline,
computers will become commonplace and some-
day will be found in every factory, office, busi-
ness establishment, classroom, airplane, car, and
home, and eventually may be found on every per-
son. (Rather than the computer itself being so
located and available, it may be that the equiva-
lent information processing capability will be
available from a central source over a communica-
tions link.)
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Physically, CPU's and storage units are getting
very small. The size of the I/0 unit will domi-
nate; otherwise, vety little volume will be
required. It will be possible to install a com-
puter on the back of a typewriter or under the
dash of an automobile, or to carry one easily on
one's person. Fast computers must be small in
size, since the time devoted to the propagation
of signals over wires inside a computer slows the
system down.

Computing Power Will Become Available Much
the Same as Electricity and Telephone
Service Are Today 4

Variously called information processing net-
works, information utilities, online time-Shared
systems, or computer utilities, such systems consist
of a number of terminals (input/output devices
today usually a teletype unit or a modified type-
writer) connected over communication links (the
connection may be permanent or dialed up when
needed) to a very high speed computer with a
large storage capacity. The central computer de-
votes a very small period of time to each. I/0 de-
vice in turn. But because the speed of the central
computer is so great, each user appears to be re-
ceivmg the complete attention of the computer.

Computer utilities can be organized in several
ways. Idarge firms may buy the computer system

4 The importance of this development is such that it is the
subject of a separate study for the Commission, see Flood, op. cit.

and install terminals within their plant or at
branch offices. Multiplant firms may connect all
terminals to a single large computer or have sev-
eral decentralized computers which are connected
together. The terminals of many small firms may
be connected to the computer of an organization
formed to serve those firms. The seller may be a
computer service bureau, a commercial bank, a
computer manufacturer, a communications sup-
plier, or possibly a large, regulated public utility.
Eventually, through the flexibility provided by an
adequate commumcations network, a given termi-
nal could be connected at will to any one of many
information utilities.

The communications link introduces a new item
into the total cost picture, raising the question that
if computers are to become very inexpensive in the
future, why n& have the computer at hand rather
than pay communication costs to a centralized fa-
cility V 'The answer is that over something like
the next 5 years and possibly longer, the relative
costs of computers and communications will be
such that networks will exist in large numbers. As
the cost of storage and CPU's continues to decline,
however, it may become less expensive to install
some processing and storage capability at the
terminal, thus avoiding communication costs.
However, at times it will undoubtedly be advan-
tageous to have access to the large. "centralized
data banks" which will come into existence in the
next decadetand thus considerable use will be made
of communication links. Consequently, in the
1970's there will probably be much computing
power at the terminal itself. The terminal will be
connected, when necessary, over a communications
network to a central computer system to make
available even more computational ability and in-
formation of many kinds from large data files.

Information Itself Will Become Inexpensive
and Readily Available

As a consequence of information processing be-
coming inexpensive, and with the existence of in-
formation-processing networks, information as a
commodity will itself become inexpensive and
readily available. For example, a man going from
Los A.ngeles to Chicago on a business trip could
quickly -learn what flights (of all airlines) leave
Los Angeles for Chicago after 5.p.m. , which motels
are within 5 miles of the Chicago airport, and
what their characteristics are; and biographical
data and credit rating on individuals to be seen.
A family needing a new refrigerator could readily
get information on available models and might also
consult Consumer Reports for their latest evalua-
tion of refrigerators.

None of the above will be available next year,
and even in 10 years some of it may not be truly
inexpensive, but the trend is undeniable. While



COMPUTER ASPECTS

the 1964-65 New York World's Fair was in opera-
tion, an3rone in the country with access to a tele-
type could dial a computer at the Fair and receive
a short essay and/or a suggested up-to-date read-
ing list of any one of 70 different topics.

Computers Will Become Easier To Use

Computers are capable of only a comparatively
few basic operationsaddition, subtraction, mul-
tiplication, division, comparison of words or num-
bers, etc. A list of basic instructions in proper
sequence (the program) must be fed into a com-
puter in order for it to do useful work. Early
users learned that programing a computer is a
difficult, time consuming, and expensive process,
with the cost often exceeding that of the machine
time. The most important development reducing
this burden has been the introduction of so-called
"higher level languages." Rather than writing
out a detailed list of instructions in the language
of the machine, the user writes the program in a
richer language that consideizthly reduces the num-
ber of instructions he has to write and relieves him
of concern over many details. The instructions in
this higher level language are fed into the com-
puter, and a pro.gram in the machine translates
them into detailed instructions which the machine
can then carry out. While such languages do re-
lieve the user of having to know mach,ine-level
language and are extensively used today, they are
highly stylized and somewhat difficult to learn.
In the next decade, however, further improvements
in higher level languages should result m their be-
coming much easier to learn and to use. For many
applications they will permit a user who knows
very little about computers to instruct the machine.

The "online" attribute of computer utilities will
also make machines easier to use. "Online" means
that interaction between user and machine is direct
and takes place without perceivable delay. In the
past, the delay has been usually at least an hour
and more often a day.

Organizations Already Utilizing Computers
Will Expand From Recordkeeping and Ac-
counting Applications Into Management
Science and Decisionmaking

The most talked about subject today among
computer personnel of companies with considerable
experience in information processing is "manage-
ment information systems." When companies
first installed computers, they tended to isolate a
given activity, such as payroll or accounts receiva-
ble, and develop a computer program for it. Usu-
ally, they simply computerized their previous
manual procedures or punched-card system, view-
ing the firm as separable pieces such as sales and
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manufacturing rather than as an interlocking en-
tity. Next, wintegrated data processing" was in
vogue ; this was based on integrating the various
zi) lications into a single data processing system.

the old organizational structure oi the firm
was found to be inappropriate to this approach.
Such systems were usually an improvement, but
they were still tied to the old concept of supplyhig
historical data for accounting purposes. The in-
formation which management really wanted was
still not availablel and the system gave them litae
aid in making decisions.

Today the idea is to construct management in-
formation systems to provide information for op-
erational decisions rather than for accounting
purposes. Such systems are planned around in-
ternal computer utilities (although this is not
crucial) with fairly elaborate termmals. A man-
ager may sit at a terminal, request information.,
and have the computer manipulate it for him.
Corporate plans can be filed in the computer and
compared with actual performance. Simulation
models of the firm and its enviromnent will assess
alternate strategies ; computer programs will be
available to optimize manufacturing sched
distribution of goods, plant location, etc. Wi
an "online" system using up-to-date data, plans
can be revised frequently.

Such utilization of computers permits better use
of resources in the form of both labor and capital.
In many instances, the increased productivity of
capital resources which results may be as impor-
tant as increased productivity of labor.

When organizations first install a computer,
management science often rides piggyback on the
computer, sometimes with results far exceeding
those of mere computerization. In the early 1950's
a water heater manufacturer who was turning out
four sizes of heaters in three quality grades bought
a small punched-card accounting system. Produc-
tion was tripled and cost per unit reduced appreci-
ably. But the truth was that the work the ma-
chines did could have been done by one or two
clerks. Production was affected not by the
punched-card system but through the management
science introduced by the punched-card salesman
for production scheduling and inventory control.
Such experiences are not unusual.

This does not imply that the computer is unnec-
essary for most applications of management science
and operations research. In fact, many are hnpos-
sible without the computer. The point is that the
computer often spurs the organization to take the
so-called "total systems approach," examining the
interplay between all the activities of the company.
It forces the organization to ask "Why do we do it.
that way ?" and "What are our goals ?" The com-
puter makes the company be systematic, often for
the first time. The computer often forces an orga-
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nization to examine itself to an extent it never did
before.

Computer Manufacturers Will Assume More
of the Burden of Providing Packages of
Pretested Programs for Specific Applica-
tions and Industries

The cost of developing a specific program can be
quite high. Further, instruction preparation must
be preceded by analysis of the procedure to be
mecIanized and design of a process to carry it out.
In the paftt, the cost of performing these functions
has constituted a barrier to computer use, partic-
ularly by small firms. However to sell equipment
to small organizations, computer manufacturers
now offer, in addition to maclines, packaged pre-
tested programs for specific functional needs (e.g.,
sorting or inventory control) and to meet the
special requirements of a given industry (e.g., hos-
pitals). Similarly, computer service bureaus often
develop and sell programs for specific applications.

Packaged programs represent a new force on the
pace of technological cha In the past, only
large firms could normally al ord computer-applied
management science and operations research.
Their techniciues were usually proprietary, and
small firms had difficulty keeping up. In frag-
mented industries with mamy small producers, no
one had the finances to be innovative. But now the
computer manufacturer, service bureau, and com-
puter utility are anxious to sell computer capabil-
ity to small firms and are willing to invest in
industry analysis, operations research, and pack-
aged programs. For example, the apparel indus-
try, although the fourth largest manufacturing
employer, is made up of many medium-sized firms
and has hardly been touched by computers up to
the present.5 Through the more aggrressive selling
activities of suppliers, computers and management
science will be applied extensively to this industry
in the next 5 years.

Utilization of Computers Will Become Eco-
nomically Feasible for all Firms

As computers become less expensive, more firms
will be able to afford one on their premises. Serv-
ice bureaus are available today and economically
feasible for many more firms than actually use
them. Further, as computer utilities develop, in-
expensive computing power will be available in
small increments over communication links. Fi-
nally, computer manufacturers, service bureaus, or
computer utilities will supply packaged computer
programs to small firms at little or no cost (i.e.,

5Ellie, E. Meredith, "Esti:mates 130 Billion Will Be Apparel
Induaq's '65 Sales Figure, ' Amer ca'a Textile Reporter, June
10, 196 , pp. 9, 11, and 49.

the cost will be buried in charges for computing
power).

Computers Will Be Used to Controi Complete
Systems

Some years ago, the a plication of computers to
the proms industries e.g., chemical, petroleum,
power, and steel) was e subject of much, and as
it turned out, rather optimistic speculation. Com-
puters and the necessary instrumentation were too
expensive and too unreliable

,
and the processes

themselves were not well unders tood.
However, much progress has been made in re-

cent years and as new instrumentation is developed,
computer control of complete systems will expand
considerably in many types of industries. Com-
puters will be used to control manufacturing proe-
esses and, coupled with materials-handling ealiip-
ment, to provide automatic warehousing. They
will also be used for testing and quality control ;
e.g., to check out an automobile's electrical system
before it leaves the assembly line.

Computers Will Be Used to Process Pictorial
Images and Graphic Information

Computers were first used to manipulate num-
bers in scientific and engineering calculations and
later to process alphabetic information for com-
mercial applications. Now they are being used to
manipulate pictorial information. In the simplest
form of such processing the computer can only
record, store, retrieve, and display pictures or
drawings ; it cannot manip date the information in
the picture or drawing. Nonetheless, such a sys-
tem has many applications e.g., a file of engineer-
ing drawings or correspondence files. In more ad-
vanced systems, the computer can manipulate the
pictorial information and perform a wide range of
sophisticated processes. For example, an archi-
tect can call forth a drawing and add or change
lines, specifications, etc., by drawing on a special
tablet or on the display. The computer can cal-
culate such things as stresses and can evaluate the
design from an engineering standpoint. The
computer will not, however, be able to recognize
complex patterns for a long time. That is, the
computer will not be able to retrieve from storage
the plans for the "house with the guest room over
the garage," unless, of course, an index to such
information had been prepared by humans in
advance.

The computer's capability to process images and
drawings together with its ability to calculate will
revolutionize the designer's work in the next dec-
ade by making design less expensive and faster.
Such systems are already being used to design such
things as automobiles, airplanes and computer cir-
cuits. In automotive design it is estimated that,

VONN.SVCVGCSM N.WrIM1WW14.*
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by using these techniques coupled with numeri-
cally controlled machine tools, the present leadtime
from initial styling to showroom floor of 28-80
months can be cut to 10-12 months.° Such ma-
chine aid can, for some applications, even make
the design process economical enough to handle
custom designed one-of-a-kind items.

The man-machine team can often be very effi-
cient ; e.g., buildings are being designed and. built
today with as much as one-third less steel than
would have been required under previous tech-
niques.

Computers Will Be Used to Process Language

The difficult subject of language processing
presents a dichotomy similar to the one discussed
above under image processing. In its simpler
form of processing, the language is stored in the
computer which can, based on the use of an index
to find the correct words, parrot it back. For
example, in the system recently installed for the
New York Stock Exchange, up-to-the-second in-
formation is "spoken" by the computer in response
to a code number for a given stock which is dialed
into the computer over a private telephone line.

In more sophisticated systems, the computer
will, in a sense, Imow the meaning of the language
it has stored and be able to respond to complex
inquiries after analyzing the language of the in-
quiry to determine what was asked for. While the
problem is very difficult and progress will be slow,
nonetheless, in the next decade many systems will
be able to be queried in English, albeit with limited
vocabuiaries and. stylized syntactical constructions.

Systems already exist which mechanically trans-
late some 100,000 words of Russian each day. The
quality is not high, but the cost and elapsed time
are such that the customer fmds it useful. Whether
machines will be able to translate within the next
decade as well as an expert human translator is
doubtful.

Input/Output Devices Will Become More
Varied, More Flexible, and Less Expensive

As costs of the electronic portions of computers
decline substantially, input/output costs will domi-
nate, particularly for computer utilities. Con-
sequently, considerable emphasis will undoubtedly
be given to research and development aimed at
reducing the costs of existing I/0 devices and to
inventing new ones.

Some of the existing devices are telephone sets,
punched cards and tickets, paper and magnetic
tape, keyboards of various kinds, character readers,
printers, display devices, microphones and loud-

"Finding New Ways to Make Antos," Bushiest! Week, Sept. 11,1965, pP. 190-198.
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speakers, tablets to write or draw on, measuring
instruments which read directly into the computer,
and actuator-,

Terminale for Computer Militia. The least ex-
pensive and most readily available terminal device
for computer utilities is the telephone. If the
voice recognition problem could be solved, it would
be possible to speak instructions into a computer
and have it respond in kind. But it appears that
such a very difficult process will become feasible
on only a very limited basis during the next decade.
However, the dial and, more importantly, the
touch-tone system with buttons which is just now
becoming available can be used to introduce in-
formation into the computer system.

However, the telephone is quite inadequate for
many applications. Its 10 positions restrict input
to numerical information, or information must be
coded as a number. No written record of the ques-
tion or the answer is available. However, simple
reading devices (e.g., an embossed plastic card)
exist which can be attached to phones, and th.e
development of inexpensive, simple printers that
can be attached is a reasonable expectation. In
time, the most common terminal device of an in-
formation utility will probably be a typewriter
or something similar, although the typewriter has
the drawback o2 a rather limited rate of input or
output.

In addition to the typewriter, a display such as
might be obtained from a television picture tube
would be desirable. A display device, which
might be in color and have greater resolution than
today's television set, would permit a computer to
present such pictorial information as a portion of
a page from a Sears' catalog or the floor plan for
an architect. In effect, one could "browse"
through a catalog or file of information.

The more affluent user might want a device for
reproducing on paper what was displayed (prob-
ably not in color for some years) ; a reader for
the input of pictorial information, including
printed. material ; a magnetic tape unit for record-
mg various kinds of iiriformation, hicluding video;
a tablet to write and draw pictures on ; and voice
input and output.

With the exception of voice recognition, each of
the above is technologically feasible today.
Though quite expensive, much of it is economically
feasible for such specialized applications as auto-
mated design. By 1975, this "Cadillac" of termi-
nals may cost no more than a Cadillac. But even
if the cost were much greater, many firms would
fmd such a system economical, and large firms
would haye many. Even many individuali will be
in a.position to afford such a system, with the cost

ijustified by an ncrease in the user's productivity.

Ohara fger Recognition. The use of character rec-
ognition devices for putting information into com-
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puters will expand considerably. Such systems
have been in use for a number of years in bankhig,
credit card applications, utility billing, etc., but
they have been limited in the sense that they dis-
tinguish among only a few different symbols (14
in the banking system) printed in a highly stylized
font. However, systems are now available for
handling character sets with many symbols and in
a variety of type faces, and though still quite ex-
pensive, they are economically feasible for large-
volume jobs. Since they, contain much electromcs,
they can be expected to become less costly.

In the future, in those instances where the data
must be typed in order to be fed into a character
reader, it will normally be less expensive to bypass
the character reader by having the typewriter con-
nected directly to a computer utility. This will
permit editing the data and putting it into a
format.

Character recognition systems will be used in-
creasingly for reading printed documents such as
airplane tickets and "turn around" documents.
An example of the latter is a magazine subscrip-
tion renewal notice mailed to a customer with in-
formaticth printed on it by the computer. The
subscriber puts a check with it, and "turns it
around" by mail to be read by the machine.

If reading typewritten characters is difficult,
reading handwritten characters would seem im-
possible for computers. However, the problem
can be simplified and solved ; e.g., we can train the
writer to make characters in a special way. Thus
we have the equivalent of the highly stylized font
used on bank checks. If the machine can capture
the information as it is written (which it could
if a man were writing on a tablet at a terminal
of a computer utility), the problem is easier. Fur-
ther, if the machine can immediately display back
to the writer the output of its recognition process,
the writer can check its correctness and try again
if necessary. Such systems exist in the laboratory
today.

However, there is little likelihood in the next
decade that a machine will be able to recognize an
undisciplined scrawl. Signature verification and
identification of individuals by their handwriting;
are simpler problems and will be done by com-
puters before the general problem is solved.

Voice Recognition. A subfield of pattern recog-
nition with important implications for the future
is voice recognition. To the author's knowledge,
no voice recognition system is presently in use on
a daily basis. Laboratory work has been going
on for some time, and fairly reliable systems exist
where a few speakers can use a few simple sounds,
such as the 10 numeric digits. A voice recogni-
tion device capable of recognizing numbers, letters,
and a few one-syllable words would have a large
market, and may exist at a reasonable price by

1970. Systems capable of handling larger vo-
cabularies (500-1,000 words) will probably exist
by 1975. Even the simpler of such systems would
be useful for direct inquiries into an information
utility via telephone or radio.

The problem of identifying who spoke is ap-
parently somewhat easier than understanding
what is said, particularly if the system is asked
only to verify that the speaker is who he claims to
be (assuming his voiceprint already exists in the
machine). Should a market develop, such identi-
fication systems could probably be available within
5 years.

Fingerprint Recognition. Systems capable of
identifying individuals whose thumbprints are on
file may be available within 5 years. Some ex-
perts believe that such systems may be realized
within 18 months.7 In addition to their obvious
applications in law enforcement, these devices may
become inexpensive enough for business to 'make
the thumb the universal credit card (which cannot
be lost or stolen) .

Pattern Recognition. Many other pattern recog-
nition tasks could have considerable impact if done
by computers. For example, the ability to recog-
nize meaningful patterns m electrocardiogram and
electroencephalogram traces and in photomicro-
graphs of biological cells would improve and re-
duce the cost of medical care.

The Extent That Information Utilities are Used
Will Depend on Communication Costs and
Capabilities

The information utility concept and the expand-
ing use of computers discussed here are dependent
on efficient and low cost communication. Demand
for data communication capability will increase
tremendously in the next decade. As might be
expected, communications and computer experts
disagree on whether communications or computer
technolog will limit the introduction of informa-
tion utihties which are dependent on both. Com-
munications experts point to large projected in-
vestments in new facilities, and they anticipate
that data transmission volume will exceed voice
transmission prior to 1970. On the other hand,
computer experts believe the demand may be even
greater than that anticipated by the communica
tions specialists; they also fear that a communica-
tions plant designed for an earlier era may not be
able to handle appropriately the type of communi-
cations required in the era of the information
utility. For example, at present, the minimum
period of time that can be bought is 3 minutes;
yet a computer utility user might need but a few

7Tom Goff, "Criminal World Faces Duel With Computers,"
Los Angeles Times, July 11, 1965.
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thousandths of a second at a time. One reason
for the large minimum is the slowness of present
electromagnetic switches used in telephone central
offices.

Beginning in a few years, the telephone industry
plans to install electronic switching systems at the
rate of about one new electronic office each day ;
but even at that rate, the replacement will not be
complete until around the year 2000. Of course,
the change will first be made in the large metro-
politan centers where the demand for data trans-
mission will be greatest. Nonetheless, at the pro-
jected installation rate, the changeover will not
reach 50 percent completion until after 1980.

Some computer experts believe that because this
replacement system has been designed primarily
to handle the traditional voice (analog) traffic, it
will not provide the best system for handling data
(digitalj traffic. Thereforez they suggest con-
sideration of other possibilities for handling the
digital load; e.g., a new all-digital communication
system specifically designed for digital traffic that
could easily handle voice traffic as well, and could
offer other advantages. While they agree that
such an implementation would be costly, they point
out that so is the common carrier plant.

It appears to be of utmost importance from the
standpoint of the information utilities to create
a national communications system which

( a) is designed for very rapid growth in
digital traffic ;

(b) is capable of changes in function to keep
pace with technology ;

(c) provides secure user-to-user and com-
puter-to-computer communications ;

(d) provides dynamic control of priority ;
and

(e) allows the user to purchase quite small
increments of time with electronic switch-
ing speeds.

The question of whether the computer or the
communications experts are right ( a question of
economics as well as technology) is far beyond the
scope of this report. However, since the communi-
cations industry is Government regulated, what
happens in this field is very much a function of
Government policy and not solely the result of the

206-754-66vol. 1-15
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forces of the marketplace. The subject deserves
considerable study to insure that Government
policy is conducive to the growth of communica-
tions facilities appropriate for the era of informa-
tion utilities.

The Computer Has Accelerated the Pace of
Technological Change in the Past and Will
Continue To Do So

Although scientific and engineering applications
of computers have thus far been virtually ignored
in this report, such use still accounts for a large
percenta .ge of the total computing power con-
sumed. The growth of technology in some fields,
such as nuclear physics and space, has been com-
pletely dependent on computers. Other fields have
been essentially untouchedbut they will not be
for long.

In the past, even in fields of science and engi-
neering where computers have been used, their ap-
plication has been limited by the relative difficulty
of operation. It has been estimated that fewer
than 20 percent of the engineers and scientists who
should use computers ever do so. However, cou-
pling better higher level languages with an online
terminal of a computer utility will have a strong
impact on computer use by engineers and scien-
tists, and therefore will increase the _pace of tech-
nology. Further, the use of graphical information
processing will increase the efficiency of designers.

The computer not only permits the scientist to
collect and analyze more data, but it is assuming
an integral role in the experimental process. In
particular, the computer is now used to control
laboratory experiments directly, increasing speed
and permitting more complex experiments.

In time, the advent of the information utility
will make it feasible to develop information re-
trieval systems for given areas of lmowledge which
can be interrogated by anyone. Progress will be
accelerated when what is already known becomes
more accessible. However, really effective systems
which approach the capability of an expert who
really knows the literature of his field present
formidable problems that are not likely to be solved
for some time.



IV. Applications of Computers

In this section, detailed attention will be given
to the use of information processing in two areas
banking, credit, and financial information, and
governmentwhere computer utilization has the
potential for effecting large changes. Less de-
tailed discussion will also be devoted to several
other areas of computer application.

Banking, Credit, and Financial Information

The Preeent. Next to the Government, the com-
mercial banking system is the largest processor of
paper. In 1964, for example, the system handled
15 billion checks in addition to its other financial
transactions. In the last 6 years, check handling
has been largely automated, with over 90 percent
of the checks in circulation today MICR-coded.
(MICR stands for Magnetic Ink aaracter Recog-
nition and is the scheme adopted by the banking
industry for printing information on checks that
can be read by character recognition machines.)

Almost all large banks have their own com-
puters for check handling and many other applica-
tions. Many smaller banks have mechamzed or
are planning to do so through the utilization of
computing services offered by a correspondent
bank, computer service bureau, computer coopera-
tive formed with other banks, or by the installation
of sophisticated electronic bookkeeping machines.
However, as an indication of the conservatism of
some bankers, 45 percent of the banks (mostly
small ones) replied to a 1962 questionnaire of the
American Bankers Association that they had no
intention of using a computer in the foreseeable
future.°

Despite the introduction of computers, bank em-
ployment has continued to grow, thanks to the
rapid growth of the industry as a whole. How-
ever, the rate of growth of employment has slowed
down ; and despite the overall growth, the book-
keeping function has been greatly afected by the
introduction of computers. Some banks have re-
ported reductions in their bookkeeping staffs of
as much as 80 percent. For multibranch banks,
the bookkeeping function has almost disappeared
at the branch level. Despite this, however, the
number of women employees as a percentage of
total employment in banking dropped less than 1

8 Automation and the Small Bank, American Bankers Associa-
tion, 1964.

1-218

percent from 1960 to 1964.° While bookkeepers
have been disappearing, a new category of em-
ployee, associated with computer operation, has
appeared.

Clearly, productivity has increased considerably
in banking and will continue to do so. However,
we lack a good measure of productivity and cannot
say by how much it will increase.

In the short term, computer utilization will
spread to most unautomated banks, and the num-
ber of applications in banks already using com-
puters will increase. Total employment will con-
tinue to increase, although this will be of little
solace to the displaced bookkeeper. New applica-
tions will result in increased productivity but will
have little impact on employment.

Equipment trends will include increasing use of
optical character-recognition equipment for docu-
ments other than checks and the introduction of
teller terminals attached to a computer utility.
For the larger banks, the computer utility will be
inhouse, while the smaller banks will be served by
an organization which serves a number of firms.
Terminals will improve teller productivity, but
the impact on employment will be masked by the
growth of the industry.

Banks, particularly the large ones, will expand
their services to include payroll, professional bill-
ing, account reconciliation, accounts receivable,
inventory control, stock and bond portfolio anal-
ysis, bill collection, asset management, analyses of
retail market penetration, economic forecasting,
etc.all essentially dependent on the use of a com-
puter. Banks, thus, are already moving into the
computer utility area, although for most existing
applications the communications link remains the
U.S. mail service or a courier. In California, how-
ever, the Bank of America offers a service to phy-
sicians and dentists whereby all charges and pay-
ments are reported each day over the telephone
(augmented by a simple keyboard device) to the
bank. The bank prepares monthly statements on
its computer, mails them to the patients, and sends
accounting reports to the physician or dentist.
Typically, this system reduces accounting and bill-
ing time in the medical office by about 80 percent.

These new services not only affect the banking
industry ; they change the ways of handling busi-

Employment and Earnings Statistics for the United Stated',
2909-64, December 1964, Bull. No. 1312-2, U.S. Department of
Labor, Bureau of Labor Statistics, 1964.
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ness data and financial transactions in many other
industries.

The Fuhnie
Automation affects not the mere mechanics at

banking, but the very foundations of banking ; not
the individual bank, but banking systems awl the
national and international economies in which they
are imbedded.

Anthony G. Oettinger "

The computer has forced the banking industry
to examine itself to an unprecedented extent.
Technological advances in computers and com-
munications underscore the fact that banking is a
system of national scopein fact, worldwide scope.

The banking industry has observed that much
of its activity could be eliminated, and there is a
movtunent afoot to reduce drastically the paper-
work in financial transactionsultimately to do
away with the check altogether. Other than cash,
the simplest system would involve telling a fi-
nancial computer utility via a store's terminal to
transfer the amount of the sale from the buyer's
to the store's account. If the purchaser's balance
wouldn't cover the cost, the financial utility could
extend him credit if his credit rating was good.

Many other less esoteric possibilities are already
in use. For regular payments of a fixed amount,
like mortgage and insurance premiums or utility
bills up to a given amount, the bill can be sent
directly to the person's bank for payment. Other
schemes involve using slightly augmented home
telephones to instruct a bank to transfer funds to
another account. (Such a system was demon-
strated at the 1965 meeting of the American Bank-
ers Association.)

If businesses of all sizes have simple terminals
linked to a central computer utility over a com-
munications network, a universal credit-card sys-
tem is possible. Various schemes could be used
to make it difficult for someone else to use your
"card" ; e.g., a "combination" key number known
only to you ; or ultimately, recognition by voice
or thumbprint. Except for recognition by voice
or _print, all of the above is technologically, feasible
today. Pilot systems have been built and demon-
strated, and economic feasibility is close at hand.
But State and Federal laws will have to be changed
and banks might have to agree to fundamental
changes in systems and organization. For ex-
ample, banks, savings and loan associations, and
loan companies in a geographical area might estab-
lish a jomtly owned and operated financial com-
puter utility to serve the community,.

Such a financial utility could develop a complete
credit-deposit-loan history for each customer.
This history could also enable the financial utility
to be a more effective financial adviser to the cus-

Proceedinga, National Automation Conference, American
Bankers Association. New York, July 13-16, 1964, p. 38.

Itte=tv.,..s.,arrf.,,r..T:r....t..,2'.V.IS.Ina,Pf'.I.71'

1-219

tomer, pointing out spending habits, making anal-
yises, and helping with better financial planning.
Tax returns could also be turned out semiauto-
matically.

A financial utility could provide many other
services ;. e.g., inventory control for sellers. Up-
to-the-mmute statistical information on other com-
munity activities could be made available.

In the system described above, money could be
transferred from account to account or the trans-
action could involve the extension of credit. The
credit could be given by the seller, based on an
indication from the financial utility that the buyer
was a good credit risk, or the credit could be ex-
tended by the utility. The latter scheme would
probably mean less expensive credit for the buyer,
since much of the cost of credit today goes toward
the administrative costs of recordkeepmg. Cen-
tralized in the fmancial computer utility, the costs
of such recordkeeping would be lower.

No matter how credit is extended in the future,
the credit information industry will undergo ma-
jor changes in the next few years. Once again.,
existence of the computer is causing a close exami-
nation of present practices ; e.g., the tremendous
redundancy in information files on people and
companies maintained in hundreds of places in a
community, each with file clerks and credit man-
agers. Not surprisingly, computerized credit bu-
reaus are being established around the country :
One is already in existence in Los Angeles and will
soon cover all of California, and systems are also
underway in New York and Texas. Needless to
say, this portends the end of many small credit
bureaus as well as the elimination of many jobs
concerned with credit in companies which elect
to buy this service. In California, for example,
the large banks have signed up with the new credit
information utility.

It is difficult to know how soon the financial
information utility will come into being because
the determining factors are social and political
rather than economical or technological. Martin
Greenberger suggests that it may be 25 to 30
years.11 R' udolph Peterson, president of the Bank
of America, predicts that we shall see a drop in the
use of checks by the public in about 5 years. Dale
L. Reistad, director of automation ansi marketing
research for the American Banking Association,
believes that citywide universal credit-card sys-
tems will soon come into existence and will be fol-
lowed by areawide systems

'
finally forming a na-

tionwide credit system by 1975.12 The forces of
the marketplace will operate to bring such systems
into existencewhere there are large savings, there
are large markets and profits. (One company,

11 Martin Greenberger, "Banking and the Information Utility,"
Computers and Automation, April 1965.

n Dale L. Reistad, "Banking Automation-1973," Banking,
Journal of the American Bankers Association, July, October, and
November 1964.
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Sperry Rand, has already developed the hardware
for such a system and has demonstrated a pilot
setup.) 13

Computers in Government

The Present. Of the total number of computers
installed in the United States today, about 10 per-
cent are used by the Federal Government. Of
these, about 7 percent are in the Department of
Defense, with NASA and the AEC accounting for
another 2 percent. Thus, nondefense and non-
space related computer activities of the Federal
Government comprise only about 1 percent of the
total computers installed." The percentage of
computers used by State and local governments is
about 2.5 percent, up by a factor of about 5 since
1960.15

A vast potential exists in the utilization of com-
puters in government, for much of its activity
involves information processing. A study for the
State of California by Lockheed 1:issiles & Space
Co. estimates that the State's 100,000 employees
spend 50 percent of their time processing infor-
mation."

As in industry, the first phase of utilization by
government has involved the mechanization of
existing manual systems or of punched-card pro-
cedures. Even though this phase has hardly be-
gun, the nextintergrated data processingis
underway and organizations have begun to ex-
amine their operations to an extent they never did
before. This second phase is proceeding at such a
pace that some organizations will undoubtedly by-
pass the first.

Government organizations have conventionally
organized files according to use ; e.g., police, wel-
fare, accounting, education, employment data.
As a result, there is extensive duplication in collec-
tion and storage. Information collected by one
group is often unknown to others who could make
good use of it. Because of jurisdictional, mechan-
ical, or procedural problems, data are not shared
efficiently among various groups. Often infor-
mation which would be very useful to one organi-
zation is not collected at all, even when another
group could easily gather it in the normal course
of operation.

The information with which government is con-
cerned deals with people, organizations, real prop-
erty, and personal property. Much of this infor-
mation is common to many agencies ; i.e., a person

13 Consumer Purchasing Service, Sperry Utah Co., Division of
Sperry Rand 'Corp.. Salt Lake City, Utah, 1965.

14 "The House of Representatives Passed the Amended 'Ver-
sion of the Brooks Bill," EDP Weekly, Sept. 6, 1965, pp. 14-15.

15 "EDP in State and Local Governments at Mid-Decade,"
Automatic Data Processing Newsletter, vol. IX, No. 25, May 10,
1965.

16 California Statewide Information System Study, Final Re-
port, Lockheed Missiles & Space Co.. July 30, 1965.

or a piece of property falls within the purview of
different agenci 3s for different purposes. Thus,
the integrated data processing approach suggests
that data files be organized by person and prop-
erty and shared by all agencies rather than each
agency having a file of its own. Shared files would
not only reduce costly duplication but provide
more comprehensive information than would
otherwise be possible.

Integration Across Fumctions. An example of a
file organized around property, and thus across
several functions, is the data bank of Alexandria,
Va., which contains information about the city
organized into two master files. The street. section
file contains 120 items of information about the
3,518 blocks and intersections in the city ; the par-
cel file contains 91 types of information about
20,000 parcels of land. Recently, within 1 week,
six governmental managers made requests for in-
formation. Typical of these were :

Survey all intersections in the city showing those
where 5 or more accidents occurred in the past 3
months and give the characteristics of each such
intersection.

For two proposed urban renewal areas, analyze the
density and location of welfare cases, minimum hous-
ing-code violations, health hazards, fires, mortalities,
crimes, and arrests.

All six requests were fulfilled from the data bank
that same week at a total cost of 3 hours of staff
time and $67.50 for computer rental.1T

Integration Across Political Boundaries. Data
processing can also be integrated over political
boundar..s. Because of urban sprawl and the high
mobility of our population, information on the
same individual may appear in the police files of
a dozen or so cities, often in different States. Sim-
ilarly, because of overlapping jurisdictions, health
or welfare data on the same individual may exist
in many places.

The Police Information Network (called PIN)
of a nine-county area around San Francisco Bay
integrates such information through a centralized
electronic file of warrants of arrest. For example,
a policeman who stops a motorist can radio the
license plate number and name to headquarters
where the information is typed into an inquiry ter-
minal connected over a communications network to
a computer. Within 2 minutes the policeman will
know if any warrants are outstanding against the
person in any of the 93 separate law-enforcement
districts in the 9 counties and if the car is stolen
or wanted in comiection with another crime. The
California Highway Patrol also operates a state-
wide stolen and wanted automobile system.

n "Small Cities and Time-Sharing," Public Automation, vol.
1, No. 1, June 1965.
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Duplication. Some 14 million name records were
in the files of just 12 of the agencies involved in
PIN, althoug

i
ll the total population of the 9 coun-

ties s about 4 million. .A.rameda County, also in
the bay: area, discovered in the process of develop-
ing an information system integrated across several
functions that the county had 57 different files on
people.

Duplication also exists between State and Fed-
eral organizations, their field offices, and local
government counterparts. To indicate the pos-
sibilities for overlap, the United States has 50
States, 3,043 counties, 17,144 towns and town-
ships, 17,997 municipalities, 34,678 school districts,
and 18,323 special districts." The number of
separate agencies among these 91,236 areas ap-
parently has never been recorded.

Benefits to be Derixed from the Use of COM-
puters kb Government. 1. Cost savings should
result from the elimination of duplication, from in-
creased productivity, in information processing,
and from better utilization of resources through
planning. More comprehensive, current, accessi-
ble, and accurate information should result in
better decisiomnaking.

2. Collection of more revenues should result
through better audit, followup, and uniform ap-
plication of complex rules.

3. Services to the public should be improved
and expanded. This benefit is most important,
although difficult to measure.

Examples of These Benefits

1. Cost Savims

The Lockheed study " estimates that increased
productivity would reduce personnel costs by be-
tween 1 and 5 percentmore than sufficient to pay
for the system ; in fact, at the upper end of the
estimate savings per year are 10 times annual
costs. This estimate would seem conservative,
since it does not consider savings due to elimina-
tion of duplication.

St. Louis County saved $3 million in construc-
tion costs of a junior college by using a computer
program which schedules classroom use. Class-
room utilization was increased from the usual 30
to 40 percent to 80 percent, and fewer classrooms
were needed."

The cost effectiveness methods, so dependent
on computers, that were introduced into the De-
partment of Defense by Secretary Robert Mc-
Namara and his comptroller, Assistant Secretary
of Defense Charles Hitch, could be used through-

Philip Meyer, "Too Many Governments Spoil Your Grip-
ing?" Standard Star, New Rochelle, N.Y., June 4, 1965.

Oalifornia Statewide Information System Study, op. cit.
20 "School Scheduling," Public) Automation, vol. 1, No. 2, July
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out the Federal Government and at State and local
levels as well for evaluating various approaches to
a problem.21

2. More Revenue

The Internal Revenue Service reports that in
1964 people reported $2 billion more in interest
income than on 1963 individual income tax re-
turnsa 28-percent increase. The IRS credits
the use of computers and the public's awareness
of what they can do for most of the increase, even
though its computers processed individual returns
in only one of seven regions last year. Collections
from tax-delinquent businesses also increased when
computers were installed.22

The use of computers can also increase the col-
lection of fines from traffic warrants (it has been
estimated that the PIN system will generate $2
million a year in fmes that would otherwise go un-
collected), and can help track down estranged
fathers of children on welfare rolls ; etc.

3. Improved and Expanded Services

A certain amount of unemployment is due to the
time it takes for the unemployed to obtain infor-
mation about appropriate job openings and for an
employer to obtain information on qualified ap-
plicants. An information system designed to
match the unemployed with job openings should
hasten the reemployment process, and not only
reduce the human misery of unemployment but
also clerical costs and the costs of unemployment
insurance.

The PIN system discussed previously is a very
limited example of the application of EDP tech-
niques to law enforcement. A much more ambi-
tious system is under development for New York
State, involving a statewide centralized informa-
tion utility integrating the complete files of over
3,600 law enforcement agencies, including police,
prosecutors, criminal courts, and probation, pa-
role and correction offices. The fint phase is
scheduled to begin in 1967 with the complete sys-
tem to be operational by 1969.22

Not only should better information lead to bet-
ter law enforcement, but hopefully with much
more information about crime, we might gain some
insights into the causes and the cures for crime
and delinquency and thus map out a broad strat-
egy of crime prevention.

Another new application of computers is in the
legislative process. With pending legislation and

21 "The Computer and the Pork Barrel," Saturday Review,
Aug. 28, 1965, pp. 14-15.

"C&A Capital Report," Oomputers and Automation, July
1965, p. 85.

E= zra W. Geddes, Robert L. Ewich, and James F. McMurre,
Feasibility Report and Recommendations for a New York State
Identification and Intelligence System, System Development
Corp.. Nov. 1, 1963.



1-222 STUDIES : OUTLOOK FOR TECHNOLOGICAL CHANGE AND EMPLOYMENT

proposed amendments and their status kept in a
computer, each day the legislators could be
brought up to date on where things stood at the
close of the previous session. Such a scheme has
been used in Ohio for appropriation bills. When
better methods for processing language are avail-
able,proposed legislation could be compared with
existing statutes for conflicts. However, for some
time the best that such systems can do is to retrieve
pertinent sections from present laws for compari-
sons by humans.

Another long-term and somewhat tenuous bene-
fit to the individual citizen is that computers will
tend to expose unsystematic administrative pro-
cedures, thus encouraging administration to be-
come more uniform and less susceptible to political
44 pull." However being systematic and objective
can lead to inflexibility.

Pertinent Technological Developments. Infor-
mation and information processing will become
less expensive and more readily available to gov-
ernment as well as to industry. Computerized
management information systems will also become
important tools, and the development of large-
scale mathematical models for simulating the
economy of a region or of the entire Nation should
contribute significantly to economic health in the
1970's.

Of great importance to law enforcement would
be the development of the fingerprint-recognition
device previously discussed.

Efect on Employm,ent in Government. The ap-
plication of computers will have a significant im-
pact on productivity in government because gov-
ernment activities involve a great deal of
information processing, and because there exists
so much duplication in collecting, storing, and re-
trieving data. But it is doubtfill that there will
be wholesale displacements of personnel; certainly
the experience of the Federal C4overnment to date
would indicate otherwise. In a report to Congress
in 1964,24 the U.S. Civil Service Commission re-
ported that in 10 agencies reviewed, only about a
tenth of 1 percent of their personnel had been
separated, reassigned, or declined reassignment
because of the introduction of computers and auto-
mation. These agencies, when asked to forecast
their future personnel requirements, anticipated a
decline of 5,000 in clerical positions but increases
of over 10,000 in other jobschiefly those related
to computer operation. These numbers are all of
the order of a fraction of 1 percent of the Federal
work force.

This should not be taken as an indication of
insignificant productivity increases. Services
have been increased, Parkinson's law has been at
work, and "silent firings" (a reduction in the need
to hire new employees) are the rule. The 1965

Manpower Report of the President anticipates
that the number of Federal employees per 1,000
population will decline by about 2 percent between
1964 and 1968. It further states that electronic
data processing has been a major factor in reduced
growth in Federal employment, and has led to sub-
stantial changes in the composition of work forces.

As an example of an extreme increase in produc-
tivity, the report cites the Division of Disburse-
ment of the Department of the Treasury, where
output per man-year increased by more than 300
percent while the dollar-cost per 1,000 checks and
bonds was more than halved between 1949 and
1962.25

Though totals remain stable, they can mask
significant changes. For example, the Internal
Revenue Service's computerization plan calls for
the centralization in 7 regional offices of processing
tasks previously performed in 62 district offices.
Although a greater number of new jobs will be
created in the regional centers, some 5,000 routine
office jobs in the district offices will be eliminated.
Similarly, the optical character-recol 'tion device
to be installed at Social Security A. si inistration
headquarters will replace 140 keypunch machines
and their operators.

The Computer as a Force Toward Consolidation.
The Government use of computers will add to the
already great pressures for consolidation of local
government. Computers may strengthen the posi-
tion of counties with respect to cities, of States
with respect to counties, and of the Federal Gov-
ernment with respect to States. The most common
form of consolidation to be ex_pected in the near
future is exemplified by the PIN system where
only files are consolidated and shared, but not
authority.

Factors InAuencing the Rate of Introduction.
Technological feasibility is hardly a problem.
Economic feasibility is certainly at hand for many
governmental activities not now computerized ;
and as computers become less expensive, many
more applications will become practicable.
Within a few years, computerization of almost all
large governmental information processing tasks
will be economically feasible, with better service at
reduced costs the justification. However, the rate
of introduction will be held back because of the
following :

1. The unfamiliarity of top-echelon personnel,
in general, with the principles of electronic data
processing and with recent advances in manage-

24 A Study of the Impact of Automation on Federal Employees,
prepared by the U.S. Civil Service Commission and referred to
the Subcommittee on Census and Government Statistics of the
Committee on Post Office and Civil Service, House of Representa-
tives, 88th Cong., 2d seas., August 1964.

= Manpower Report of the President and A Report on Man-
power Requirements, Resources, Utilization, and Training, U.S.
Department of Labor. March 1965.
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ment science will remain a substantial deterrent,
although attempts are being made to rectify this
situation.

2. There is a serious shortage of qualified per-
sonnel required to do staff studies and analysis.
Government has difficulty in competing with in-
dustry for well-qualified computer professionals,
who arc in great demand and command high
salaries. This, plus the situation discussed in (1)
abovel will contribute to a *number of failures in
applying information technology to government
processos.

8. Authority is diffused as to what information
is to be obtained, who is to have it, and how it is
to be kept. Laws will often have to be changed
to permit integration of files.

4. There is a lack of cohesiveness and coordina-
tion among organizations. For example, some
State agencies, particularly those dealing in wel-
fare, health, and roads, are more oriented to Wash-
ington than to their own State administration.

5. Parochialism inhibits integration across vari-
ous levels of government, especially where or-
ganizational changes are necessary. In the face
of such parochialism, the Lockheed report " pro-
posed a federation of sertiautonomous computer
centers linked by an information central with in-
formation about where specific data are located.
However, when problems become severe, political
subdivisions will accept centralization : e.g., metro-
politan water districts, transit districts, and police
information networks.

6. The introduction of integrated files on in-
dividuals will be slowed by the not unfounded fear
of a "1984 Big Brother" life with its invasion of
individual privacy. This will be discussed later.

Despite these deterrents, computer use by State
and local government increased about fivefold dur-
ing the past 5 years. Computing power undoubt-
edly grew much fasterin the country as a whole
it increased by a factor of about 30. In the coming
decade, computer utilization in government will
grow faster than in the rest of the economy. Most
applications in the near future will be the com-
puterization of existing manual procedures or of
punched-card systems. Some integrated systems
will appear, especially in law enforcement and par-
ticularly after the completion of pioneering ap-
plications like the New York State Identification
and Intelligence System (scheduled for 1969).
Once the decision is made to go ahead, it will take
from 7 to 10 years to build the California State-
wide Information System, whi.th will involve al-
most complete integration across all functions and
all geographical boundaries. (The decision to
centralize geographically only information about
data rather than the files themselves lessens the
difficulties.) In contrast, the less ambitious New
York system, while covering all the State, does

California Statewide Information Ryden Study, op. oit.
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not represent nearly as much functional integra-
tion.

The Publishing Industry

The impact of computers on publishing was very
much in the news in 1965. The newspaper in-
dustry, in particular, became entangled in many
labor-management problems directly as a result
of automated composition proposals.

Automation in this industry dates back to the
1930's and involved typesetting equipment oper-
ated by teletype tape. Next the computer was
added to produce the tape from material typed into
the system, with the computer determinmg what
should be on a given line, justifying and hyphen-
ating as appropriate. Another step did away with
hot metal through phototypesettmg. The com-
puter is also used in page makeup.

The latest developments are feasible both tech-
nologically and economically, and the rate of intro-
duction will depend on labor agreements. The
imminent obsolescence of the linotype operator
is analogous with that of the railroad fireman.

Computers will be used in other areas of pub-
lishing : Material which is typed, edited, reworked,
typed again, edited, reworked, and typed again
will be typed into a computer from which it can
be retrieved, edited, and reworked with a minimum
of recopying. Simple systems of this kind, using
a typewriter as a terminal, are in use today. Ex-
perimental systems using a television picture tube
to display text also exist. Such systems not only
reduce the amount of proofreading and typing but
speed up the overall process. Once the material
is in final form, the computer can feed it into a
phototypesetter and produce a tape for later use
or print the material for subsequent duplication.
When image processing is added to the system, it
will be possible to manipulate text and images
simultaneously.

Information utilities may affect the publishing
industry in another way : Some material that is
printed today may be produced in smaller volume
or possibly not printed at all. For example, books
containing reference material that changes signifi-
cantly in a short time might not be printed if the
information utility can supply the information.

Agriculture

Computer use in agriculture is in its infancy
(less than 1 percent of U.S. farmers use such sys-
tems), but will probably become widespread in the
next decade. Even small farmers, dealing with a
computer service bureau by mail and eventually
with a computer utility by telephone, can use com-
puters profitably for recordkeeping, accounting
and planning.
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The computer will enable the farmer to :

Reduce clerical costs ;
Know which operations are showing a profit ;
Know which animals are paying their way ;
Do a better Job of financial management and reduce

what he pays for credit ;
Better manage labor, machinery, and other re-

sources ;
Determine "least-cost" rations for his animals ;
Compare his performance with the average and best

performance of other producers in his region.

Such EDP services are available from the agri-
cultural extension services of a number of State
universities and from several commercial organiza-
tions, including banks, with users reporting overall
cost savings of from 5 to 20 percent with the more
sophisticated systems. Thus computers will soon
be contributing significantly to productivity in
agriculture.

Insurance

The insurance industry, which deals primarily
in information, naturally became an early user of
electronic data-processing equipment. First ap-
plications were mechanizations of previous manual
and punched-card processes. Integrated systems
soon followed, often requiring a change in the or-
ganization of the company.

As a result of having entered the field early, the
insurance industry has been almost completely
penetrated by computers, and their major impact
is now past. Most affected were the clerical
workers. Yet, despite considerable increases in the
productivity of the clerical force, the percentage
of women employees in the total work force among
insurance carriers fell only about 1 percent from
1958 to 1964.27 Some continued increase in pro-
ductivity in clerical operations can be expected.
For example, the increased use of optical character
recognition equipment will displace some key-
punch operators and clerks.

Two developments in information processing
will be important to the insurance inlustry in
the future. The first is the introduction of the
computer utility concept permitting terminals in
the field throughout the country to be connected
via a communications network to computer files
in the home office. This will permit agents to give
better and quicker service to their clients as well
as reducing clerical costs. The second is the ap-
plication of computers to underwriting, which is
already being done by some companies, although
only on policies of low face value and low risk.
It is anticipated that this application will grow
and reduce somewhat the need for underwriters.28

= Employment and Earnings Statistica for the United Statea,
1909-64, op. cit.

28Robert C. Goahay. Information Technology in the Insurance
Induatry, Richard D. Irwin, Inc., Homewood, Ill., 1964.

Computers and Health

The application of computers and information
processing technology to health problems prom-
ises significant advances during the next decade
in several ways :

1. The computer will take over much of the
clerical work and information handling of those
engaged in medical care ;

2. Ciomputer technology will provide more
comprehensive information about each individ-
ual's medical history, resulting in better medical
care ;

3. Computer technology and automation will be
applied to medical testing, resulting in cost re-
ductions which, among other effects, will permit
significant reductions in the costs of preventive
medicine ;

4. Computers will aid the physician is diag-
nosis ;

5. Computers will be used to monitor the vital
signs (e.g., blood pressure) of the seriously ill ;

6. Computers as a research tool will aid in
advancing medical knowledge ;

7. Computers in the form of an information
utility will aid in the dissemination of up-to-date
knowledge to physicians.

Let us look at each of these applications in more
detail :

1. As was often the case in industry, the first
applications of conAputers in medical care involved
the mechanization of manual procedures or
punched card systems for such things as hospital
payrolls and patient billing. Penetration of this
phase of computer utilization into hospitals is far
from complete, being limited to the laraer and
more progressive hospitals. Despite this''limited
penetration, there is already much interest in hos-
pital information systems designed not only for
accounting tasks but also to provide better medi-
cal care at a reduced price (with accounting in-
formation as a byproduct). Studies show that
many hospital nurses spend as much as 40 per-
cent of their time doing clerical work, and that
test results and prescription orders may be tran-
scribed as many as 10 times.

The hospital information system concept nor-
mally involves terminals at each nursing station
and at such localities as admitting, pharmacy, med-
ical records. laboratories, etc., connected to a cen-
tral computer, which may be in the hospital or
many miles away. Such a system would not only
reduce the clerical load of administrative person-
nel, but also of doctors and nurses. Hospital care
is one area where increased demand for services
will rapidly absorb any increases in productivity.
As a nat,ion, we have been devoting more and
more of our growing gross national product to
medical care, while the number of professionally
trained personnel per thousand population has
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been declining. Increased productivity is badly
needed. Hospital employment has shown an aver-
age growth of 5.4 percent per year since 1958,2°
and will soon feel the added stimulus of the Medi-
care program.

2. One of the more important ways in which
information systems will improve medical care will
be through computer-based medical record sys-
tems containing the complete medical history of
each individual in a geographical region. Such
an information utility could be interrogated by a
doctor or a hospital, even when the patient is far
from home. Problems such as standards on termi-
nology and data collection, deciding what is im-
portant to record and transmit, etc., will have to
be solved before such systems can be made work-
able. But because of their obvious social value,
we can anticipate that a large effort will be devoted
to solving these problems and developing less am-
bitious systems. Large amounts of medical data
in computer-processable form will also be of great
value to medical researchers.

3. Much effort is presently being devoted to
automating various medical tests in the interest of
improving medical care and reducing costa
Hopefully, the costs of a number of important tests
can 130 red.uced to the point where they can be rou-
tinely given to everyone in a program of preventive
medicine. For exam ple, even if we could pres-
ently afford to administer electrocardiograms to
everyone annually, there are not enough doctors
to analyze them. Ample evidence indicates that
computers could at least select those electrocardio-
grams requiring further examination by a cardiol-
ogist and could, probably do an adequate job of
classifying abnormal cases.3° Cost reductions of
a factor of 10 appear quite feasible for many tests.

Two North Carolina hospitals recently auto-
mated a laboratory where 11 chemical tests are rou-
tinely run on the blood of patients, as contrasted
with the usual 2 standard determinations. Unex-
pected data of direct benefit to the patient were
found in 1 out of every 15 admissions.31

Another example of the use of computers in a
program of preventive medicine exists at the
Icaiser Foundation Health Plan in the San Fran-
cisco Bay area. On entering the clinic the patient
is given a self-administered questionnaire of some
600 questions about his medical status. His
answers and the results of a number of tests (blood
tests, electrocardiogram, etc.) are fed into a com-
puter, which makes a "provisional diagnosis" that
is used by physicians in subsequent examinations.

2° Employment and Earnings Statistics for the United States,
1909-64, op. cit.

so H. R. Warner, A. F. Toronto, and L. G. veasy "A Mathe-
matical Approach to Medical Diagnosis. Application to Con-
genital Heart Disease." J.d.M.d.., vol. 177. 1961, pp. 177-188 ; and
H. R. Warner, A. P. Toronto, and L. G. Ireasv, "Experience with
Hayes' Theorem for Computer Diagnosis of Congenital Heart
Disease," Ann. N.Y. Acad. Sal., vol. 115, 1084, pp. 568-567.

= John A. Osmundsen, "Automation Used for Blood Tests,"
New York Times, Sept. 12. 1965.
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4. Although computer-aided diagnosis is pri-
marily confined to research efforts at present, the
results give promise of providing a useful opera-
tional tool for the _physician in the next decade."
The computer will- not replace the judgment of
the physician, but rather will be a valuable aid to
him in arriving at a diagnosis, much like a con-
sultant who suggests one or more tentative diag-
noses. The computer iprocess could also suggest
tests which would enable the physician to decide
among several tentative diagnoses or to confirm
the one tentatively arrived at. In most instances
the physician would undoubtedly have called for
the same tests, but in these days of advanced
medical science, there are many diseases and medi-
cal conditions which a doctor seldom encounters.

More important, in a program of preventive
medicine, the computer in the 1970's should be able
to digest facts about the present medical status of
individual patients (the majority of whom are
healthy) and separate out those cases warranting
the further attention of a doctor. The computer
process would intentionally be conservative ; if
there were any doubt, consultation with a physi-
cian would be indicated. While it is true that most
patients might not be seen by a doctor under such
a system, at the present time most apparently
healthy people in the United States do not receive
periodic medical checkups at all. Thus, we have
here another situation in which society can readily
absorb the increased productivity brought about
by computers, automation, and technological
progress.

5. Computers capable of monitoring such phys-
iological variables as pulse, blood pressure, and
temperature have been much discussed in recent
years, and experiments have been carried out in
intensive care units.33 One expert has estimated
that as many as 10 heart deaths out of every 100
could be prevented if patients were in an intensive
coronary care unit where electrocardiograms and
pulse rate were continuously monitored."

The use of computers to monitor these variables
will undoubtedly gain wide acceptance in inten-
sive care units, but will probably not be applied
generally in hospitals during the next decade be-
cause of high costs and the fact that the measuring
instruments tend to be uncomfortable and bother-
some.

6. Computers are used extensively today in
medical research centers, and their use as research
tools will undoubtedly grow rapidly. They are
used to collect and analyze experimental data,
sometimes with the computer controlling the ex-
periment based on immediate analysis of the in-

= John A. Jacquez (ed.), Proceedings of a Conference held at
the University of MioMgan, May 9-11, 1963, Ann Arbor, Mich.,
1904.

R ober t L. Patrick and Marshall A. Rockwell, Jr., "Patients
On-Line," Datamation, vol. 11. No. 9, September 1965, pp. 57-60.

$4 John A. Osmundsen, "Electronic Units Aid Heart Patient,"
New York Times, Oct, 16, 1965.



1-226 STUDIES: OUTLOOK FOR TECHNOLOGICAL CHANGE AND EMPLOYMENT

formation being collected. An increasingly im-
portant use of computers as a research tool in-
volves the construction of mathematical models
that embody the essence of a researcher's theory
about the functioning of a biological system. Such
models not only permit the researcher to study
complex biological systems but are often useful in
teaching medical students."

7. A recent World Health Organization review
of computer use in medicine reported that there
is a Feat need for an "electronic encyclopedia" of
medical knowledge." At present, the physician
faced with a case difficult to diagnose generally
seeks the advice of colleagues and consults text-
books; but his colleagues may not have any more
extensive knowledge than he does, and the text-
books may be out of date. A medical informa-
tion utility, however, could make the most recent
information available.

Computers and Education

When Sputnik jarred national pride in 1957,
the United States stepped up its commitment to
education, and more recently has embarked on
even greater efforts. Education now engages over
5 percent of the labor force (excluding students),"
ansi costs in excess of $30 billion a year."

As school-age population increases, as the aver-
age educational level rises, and as the pliilosophy
of viewing education as a continuous process
throughout our lifetimes is adopted, the Ication's
commitment to education must continue to grow.

Most educators and psychologists agree that the
present educational process is deplorably less effi-
cient than it might be. Clearly, the computer is
destined to play an important role in improving
efficiency during the next decade in several ways :

1. The computer will take over much of the cler-
ical work and information handling in educa-
tion ;

2. Computer technology, coupled with other
technological developments, will increase the stu-
dent's productivity by permitting individualized
instruction. This is potentially much more im-
portant than (1) above ;

3. Computers will become important tools for
educational research and development and will
help psychologists and educators to a better uri-
derstanding of the learning process.

Let us look at each of these in more detail :
1. Since education has all the same management

and administrative problems as industry, plus a
few more, computer and information technology

-J. v. Maloney, Jr., M.D., J. C. Dellaven, E. C. DeLand, and
G. B. Bradham, M.D., A.nalysis of Chemical Constituents of Blood
by Digital Computer, The RAND Corp., April 1968.

DAL S. Wilde, "Computers to Furnish World-Wide Diagnoses,"
Los Angeles Times, Oct. 7, 1985.

117 Employment and Earning Statistics for the United States,
1909-64, op. cit.

sl Gilbert Burch, "Knowledge : The Biggest Growth Industry of
Them All," Fortune, November 1964, NI 128-181, 267-270.

is applicable; and while education lags behind most
of mdustry in computer utilization, it has begun
to adopt computers in a major way. This will
result in increased productivity among admmis-
trators as well as teachers and students and in
better utilirttion of capital resources. As men-
tioned earlier, using a computer for classroom
scheduling creates classroom space." As in indus-
try, increased productivity from managers and
clerical workers in education is to be expected ; but
the impact on teachers and students is possibly
not so obvious. Teachers, too, spend much time in
clerical activities. For example, the Richmond
(California) pilot study found that computerizing
the reporting of grades added at least 4 effective
teaching days to the school year." Technological
and economic feasibility exists for these applica-
tions today, and it is only a matter of time until
they are adopted.

We can also contemplate the possibility of a
terminal connected to a central computer for each
teacher to aid with information processing. Such
systems will soon be technologically feasible, but
economics will probably delay widespread use of
teacher terminals until at least the early 1970's.

2. Many of the inefficiencies of present educa-
tional systems are connected with the fact that
instructors must usually deal with their class as
groups and not with individual students. Should
the level of teaching be geared to the slowest or
the fastest learners ? The great hope is that com-
puters and technology will permit individualized
instruction so that each student can work at his
own pace and not proceed to new material until
he has mastered the old. Not only will individual-
ized instruction help the slow learners, but equally
hnportant, we may realize the real potential of the
gifted child. In spite of all the efforts to recog-
nize and help the gifted, much more time is devoted
to below-average children.

Individual instruction is usually based on no-
tions of programed learning. This is a contro-
versial subject : programed learning has not, to
date, lived up to its advance publicity, and simple
teaching macliines have been an economic failure."
But students can learn from programed materials;
and as techniques improve, particularly with the
added scope and greater sophistication permitted
by the use of a computer (the system envisaged
consists of student terminals with a display device
and a keyboard), researchers have great expecta-
tion for programed instruction.

While some areas of instruction can be readily
adapted to the computer, others are much more
difficult. For example, drill-and-practice systems

"School Scheduling," op. oit.
0 A Report of An EwperimentThe State Pilot Project in Edu-

cational Data Processing, Monograph No. 8, Educational Systems
Corp, Malibu, Calif., 1964.

41 Kenneth O. May, Programed Learning and Mathematical Edu-
cation, a CEM study, Committee on Educational Media, Mathe-
matical Association a America, 1965.
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are comparatively easy to program. Part of the
computer-assisted instruction system under devel-
opment by Patrick Suppes at Stanford University
involves drill-and-practice in arithmetic. Five
levels of difficulty at each grade level for each con-
cept in elementary school mathematics permit the
computer to present a level of _problem difficulty
to the individual student baded on his past per-
formance rather than giving each child in the class
the same problems as is normally done."

Tutorial syStems, where the aim is to develop the
pupil's skill in using a given concept, are some-
what more difficult than drill-and-practice sys-
tems; e.g., teaching a first grader to understand
the concept of "top," "bottom," "left," "right," etc.
In the Stanford system, every effort has been made
to individualize the tutorial process to avoid fail-
ing culturally deprived children and to avoid bor-
ing the bright child."

Cioncerning the future prospects for tutorial
systems, Suppes says :

. . . it should be evideut from the sorts of exam-
ples I have given that the skill subjects such as read-
ing, mathematics, and elementary foreign languages
can be handled most easily and are best understood as
taught in this environment. We shall be able to use
tutorial systems to carry the main burden of teaching
skill subjects. Widespread application would lead to
a radical revision of the organization of teaching,
because a rather large part of all instruction is at the
elementary skill level. For this reason, it is com-
mon to ask what will be the teacher's task if these
elementary skills are taught in a tutorial fashion by
computer-based terminals. The most important point
to be made in this connection is that no tutorial pro-
gram for computers in the near future will be ade-
quate to handle every type of problem that arises in
students' learning. It will be the teacher's responsi-
bility to move to the much more challenging and im-
portant task of troubleshooting, of helping those chil-
dren who aren't proceeding successfully through the
tutorial program, and who need some sort of special
attention. At Stanford we have in our tutorial pro-
grams what we refer to as a teacher-call. When a
student has run through all the branches of the con-
cept and has not yet met a satisfactory performance
criterion, there is a teacher-call at a proctor station,
and a teacher comes to give individualized instruction
as extensively as needed."

Dialogue systems, in which discourse between
the student and the computer system would take
place in the same fashion as exists between student
and teacher, will obviously be much harder to de-
velop. The difficulties in getting a computer to
process language have been previously discussed.
Unrestricted (other than subject matter) dialogue
systems will probably not be technologically feasi-
ble by 1975, but systems constrained to limited

a Patrick Suppes, "On Using Computers to Individualize In-
struction,' The Computer in American Education: homes atzl
Application*, Preliminary pa_pers for the ARDS-Stanforg
of Education Invitational Conference, sponsored by t e Fund
for the Advancement of Education, November 1-8, 1965, Palo
Alto. Calif.
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vocabularies and stylized syntactical constructions
will be practicable."

Although some areas of computer-aided instruc-
tion (CAI) are technologically feasible today, eco-
nomic feasibility is another matter. For some
time, CAI will 13e confined to experimental re-
search and to specific areas of adult education
where the cost can be justified (e.g., electronic
technician training) . Widespread use will de-
pend not only on research progress, but also on
the size of the financial commitment the Nation
makes to education.

Individualizing instruction depends on know-
ing what material the individual has mastered.
CAI systems must determine a student's status
based on an analysis of his responses to the com-
puter. This assessment of the student's progress
determines the material to be presenteil next.
Without CAI, the teacher will lack the time to
develop and give remedial instruction to each stu-
dent. However,. the computer could, based on the
analysis of the difficulties, instruct the student to
review certain portions of the text.

3. The computer is a useful tool in the perform-
ance of research and development in education as
it is in almost 'all R. & D. work. It permits the
researcher to deal with more complex data and
greater volumes of information than he could
otherwise. CAI systems will be able to capture
and preserve much graater quantities of data than
were previously available.

Computers are being increasingly used in psy-
chological research, both to analyze experimental
data and to develop psychological theories about
information processes in humans. The behavior
of a oomputer is determined by a program, and the
goal is to develop a computer program which
causes it to perform an information-processing
task the same way that people do. The program
is a model which represents the researcher's
hypotheses about the information processes under-
lying human cognition, just as the computer pro-
gram which calculates missile trajectories repre-
sents a theory of the flight of a missile. The
implications of the model are determined by run-
ning the program on the computer with varying
inputs and observing the outputs."

The implications for improved efficiency in our
educational system stemming from a better under-
standing of the human learning process are tre-
mendous, whether that understanding comes from
computer modeling of human cognition or from
some other research strategy.

44 Ibid.
44 Ibid.
43 F o r an example of a dialogue, see J. A. Swets, and W.

Feuzeig, "Computer-Aided Instruction," Science, vol. 150. No.
8696, Oct. 29, 1965, pp. 572-570.

E. A. Feigenbaum, and Julian Feldman (edp.), Computers
and Thought, McGraw-Hill, New York, 1968. pp. 269-886.
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Information Processing Education. Instruction
in the science of information processing itself is
another important area. Since computers are
playing an increasingly important role hi society,
it is vital that a large segment of our population
understand information processing and know how
to utilize computer power. Not that everyone
must be a computer programer any more than we
have had to become automobile mechanics, but
understanding and knowing how to use the com-
puter are important. Numerous experiments have
established that computing can be learned at an
early agc, say the 11th or 12th grade level. In-
deed, it can be argued that it is best learned at that
level. However, our secondary school instructors
are unprepared to teach the subject.

The computer is already a powerful tool for the
college student, and the trend is clearly toward
having college students learn its use. Some 500
college campuses have at least one computer. In
many schoolsparticularly engineering schools
the students use computers for appropriate assign-

ments. They do their own programing, _punch
their own input cards, and leave the punched cards
at the computing center on their way to class,
retrieving the output an hour or so later or the
next day. Soon, computer terminals will ex-
ist at various places around the campus at many
universities ; several schools already have this
capability. It is implicit in such a setup that the
course assignments require a computer to com-
plete them : hand calculation methods would
swamp the students. The problems assigned can
be realistic, rather than oversimplified models in
which the answers "come out even." Oddly
enough, there is not a single textat any level or
in any subjectthat assumes student use of this
new capability, but they are surely to come.

The movement of computers into the schools has
been slow and haphazard, but it will be speeded up
as low-cost but powerful machines and time-shared
terminals offer the schools economical and vast
computing power.



V. The Social Implications of Computers

When things change rapidly, it is convenient
to talk in terms of "order of magnitude," meaning
a change by a factor of 10. It is commonly ob-
served that a change of an order of magnitude in
a technology usually produces fundamentally new
effects. For example, man can travel on foot at
speeds around 4 miles per hour, or move by auto-
mobile at 40 miles per hour, or by jet plane at 400
miles per hour. Thus, the automobile is one order
of magnitude faster than walking and the jet
plane two orders faster. These changes have
brought about fundamental changes in our way
of life.

Computer speed has improved by at least 7
orders of magnitude over hand calculationsa 10-
millionfold increase. At the same time, the cost
of operation has decreased by something more than
10,000 times, or 4 orders of magnitude. And
changes in computer technology are still taking
place. Speed increases of one or two orders are
now available in the laboratory, and at least an-
other order decrease in cost appears likely when
these devices reach the market. It is reasonable
to expect that 1975 will compare with the precom-
puter era by 10 to 12 orders of magnitude in speed
(or a thousand billion) and by 6 to 8 orders in cost.

Figure 4 represents the amount of computing
power available in the country. So far, it has
been doubling each year ; i.e., it changes by an or-
der of magrnitude in a little over 3 years. Experts
disagree about whether it can continue at that rate,
but I believe that it will through 1975. (The
broken line in fig. 4 is a more conservative curve,
representing a 70 percent rather than a 100-percent
annual increase.)

Thus, significant changes in our way of life
should be anticipated in view of the expected
changes in speed, cost, size, and amount of avail-
able computer power in the Nation, and because
of the factors discussed earlier, such as the devel-
opment of information utilities, pictorial process-
ing, language processing, better and varied input/
output devices, and improved ease of use.

Increases in human productivity are to be ex-
pected, although the improvement will not be uni-
form. The overall impact of computers and tech-
nological change should result in an even higher
rate of growth in productivity than the economy
has enjoyed in recent years. Some types of jobs
will disappear, many will change, and new ones
will be created. Education, government, industry,

unions, and individuals must expect and plan for
continuing change, which will become an increas-
ingly important factor in life. Many individuals
will have to learn and perform two, three, or more
different types of work in their lifetime, and edu-
cation must be accepted as a continuing, lifelong
process. This will be especially true for people in
professional and technical occupations. Those who
are unable to adapt to change will find life difficult..

In many fields significant changes are taking
place well within the period of an individual life-
time. It used to be that a man could go to school,
take a job in a profession or in industry, move up
in the organization, and do his job well until re-
tirement, drawing on what he was taught in school
and on what he learned through experience. In
many fields, including business, this is becoming
more and more difficult. Without continuing edu-

FIGURE 4.Conzputing Power in the United States
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cation in new developments, an individual may fmd
himself obsolete. Many companies are even now
hiring specialists fresh out of college at the same
time that they are terminating older men in the
same specialty or restricting the number of older
men they will hire. Organizations get into trouble
because top management has not kept up with tech-
nological change, and individuals are frightened
because they know their knowledge and experience
are out of date.

Employment

No other social implication of computer utiliza-
tion receives so much attention as the impact on
jobs. When productivity increases faster than
demand, people are displaced. When increase in
demand matches increase in productivity, no one
is displaced, but "silent firings" result as fewer
new jobs are generated. More new jobs must be
created elsewhere by overall growth of the
economy.

A broad analysis of anticipated increases in pro-
ductivity is beyond the scope of this report, lmt
needless to say, they will be greatest in activities
involving simple processing of information. (For
this reason, attention was focused earlier on bank-
ing and government.) Let us consider several
classes of workers in such activities.

Office Workers. Computers have often been eco-
nomically justified on the basis of the number of
clerks they will replace, yet the percentage of cler-
ical and kindred workers seems to have remained
constant over the years. There has been specula-
tion that computers and office automation have
retarded growth in white-collar jobs." Yet in
1964, the gain in white-collar employment (3.1
percent) was greater than the gain for all non-
farm employment (2.7 percent) and the gain for
clerical and kindred workers was higher still (8.9
percent) .48

On 'the other hand, the managerial work force
has lagged behind all other white-collai subdivi-
sions in rate of growth for some years and declined
in 1963; 1964's gain was 2.2 percent." Since elec-
tronic data processing greatly affects the produc-
tivity of middle management, it must be assumed
that computers have had a role in the declining
growth of managersthough to what extent is
another matter. This occupational category in-
chides proprietors, and some of the decline may be
attributable to the trend toward formation of
larger businesses with consequently fewer pro-
prietorships.

a Ted Stanton, "Office Automation : New Devices, Systems
Bring Sharp Slowdown in White Collar Hiring," Wall Street
Journal, May 5, 1984.

48 Manpower Report of The President, op. cit.
Ibid.

Despite a declining growth rate for managers
and increased productivity among both clerks and
middle management, the ratio of unemployment in
each group to the national unemployment rate has
remained almost unchanged over the last decade at
0.7 for clerical workers and 0.3 for managers.5°
However, data in table 1 could indicate that young
girls, particularly in the past 2 years7 are having
an increasingly difficult time in finding employ-
ment. If "silent firings" mean that they are un-
able to find that first job as a clerk, then they never
become classified as an unemployed cleric.

TABLE 1. RATIO OP UNEMPLOYMENT RATE AMONG YOUNG
FEMALES TO NATIONAL UNEMPLOYMENT RATE, SELECTED
YEARS

Age 1958 1959 1962 1968 1964

14-19
20-24

2. 40
1. 48

2. 24
1. 47

2. 88
1. 62

2. 75
1. 56

2. 88
1. 65

SouRcl: 1958-62 data from R. A Gordon, ' Has Structural Unemployment
Worsened?" Industrial Relations, vol. 8, No. 8, May 1964, pp. 58-77; 1968-64
data from Manpower Report of the President, U.S. Department of Labor,
March 1965.

Over the next decade, as available computing
power continues to grow exponentially, as in-
put/output devices become more elaborate, as
computer applications become more sophisticated,
as management information systems come into
being, anal as duplication of effort is eliminated, I
believe that middle management, and especially
clerical positions, will decline as a percentage of
total employment. Increased prod.uctivity will
have more of an impact on employment in indus-
try than in areas of increasing demand for serv-
ices (e.g., government and medicine).

Clerical functions of secretaries, stenographers,
and typists will be affected in the manner previ-
ously discussed, while service aspects of their work
will be affected only slightly. With typewriters
as terminals on a computer utility: productivity
will be increased by reducing retyping to a mini-
mum, and some letters could be composed from
park, aphs prestored in the comEuter. Because
of I h culties in voice recognition, I do not antici-
pate the development of a voice-operated type-
writer by 1975.

Professional and Technical Personnel. The pro-
ductivity of professional and technical personnel
can be. expected to increase significantly in the
coming decade because of information utilities and
the availability of inexpensive, easier-to-use com-
puter power. Information utilities will make the
work of others more readily available. However,
in our increasingly technological society, the need

te R. A. Gordon, "Has Structural Unemployment Worsened ?"
Industrial Relation*, vol. 8, No. 8, May 1984, pp. 58-77 ; plus
updating through 1984 in Manpower Report of the President,
op. cit.
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for professional, scientific, and technical person-
nel should continue to grow at a rate faster than
the total labor force. This is not to say that pro-
fessional and technical personnel will not be dis-
placed at times, particularly those involved in in-
creasingly automated design and testing func-
tions. But when displacedt they should be able
to find other employment if they have not ne-
glected their continuing education.

Draftsmen. Draftsmen and related occupations
should decline after 1970 as the result of the in-
creasing ability of computers to process images and
drawings and the introduction of automated de-
sign techniques coupled with computer-controlled
tools and processes. Even simple systems in ex-
istence today can produce detailed construction
drawings 25 times faster than a draftsman.

Typeaetters and Compa8itor8. As discussed un-
der publishing, these occupations are dying out.

Machinists. Numerically controlled (N/C) ma-
chine tools can not only turn out work faster than
men ( from 10 to 100 times as fast), they can pro-
duce work to better tolerances and with less spoil-
age. However, of all machine tools installed to-
day, less than 1 percent are N/C ; and in 1964 N/C
sales accounted for about 10 percent of the total
dollar volume. Although there have been dire
predictions of gross displacements in the future,
it would seem that even by 1975 the majority of
machine tools will still be manually operated. Al-
though the total number of machinists may actu-
ally decline, this occupation will continue to pro-
vide a large number of jobs in the next decade.

Sala Pertionnel. Large-scale machine-vending of
goods is not expected to materialize by 1975, al-
though its use will increase. By 1975 some sales
will be made from a catalog via an information
utility. Nonetheless, the customer's desire to touch
and see and ask questions, coupled with the seller's
wish to have a salesman to push his goods will re-
quire sales personnel. Their productivity will be
increased by a reduction of clerical functions (e.g.,
taking inventory, making out sales slips, etc.).
Better inventory control will reduce investment in
goods and insure that what the customer wants
is more often in stock. Sales-reporting systems
via telephone for salesmen on the road will speed
up the ordering process and result in better service
to the buyer.

Employment in the Information Processing
Field

Although information-processing equipment has
displaced workers in some fields, a whole new in-
dustry has developed that provides several hundred

_
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thousand new jobs. Already a multi-billion-dollar
industry, sales in the information processing field
have been growing at a rate of 25 to 30 percent
per year, and there seems little doubt that a 15-
to 20-percent growth can be maintained over the
next decade.

Statistics exist only on production workers for
the manufacturers of computers and related equip-
ment. In 1963 about 100,000 were employed, an
increase of 23 percent over 1958 but a decrease of
1 percent from 1962.51 Because of increasing auto-
mation, this number will probably continue to de-
cline despite rapidly increasing sales. One manu-
facturer predicts that by 1967 his direct labor costs
will approximate 1 percent of his sales price.52

Sales and service personnel will continue to in-
crease at a rapid rate as will those involved in
analysis, programing, and operation of equipment.
The number employed in these occupations today
is estimated between 200,000 and 350,000. Analy-
sisdeciding what the computer is to do and de-
signing appropriate procedureswill grow the
fastest in the next decade. By 1970 the numbers of
people engaged in analysis may be three times what
it is today. Next fastest will be programing
writing out the instructions for the computer.
This function will be increasingly carried out by
the computer itself so that the number of pro-
gramers will not grow as fast as it has in the past.
However, it will likely double by 1970,

On the other hand, the function of computer
console operator will almost cease to exist in the
computer utility of tomorrow, and consequently
their numbers can be expected to increase only
through 1970 and then level off.

One of the jobs created by office automation is
that of keypunch operator, and the demand has
never been higher than it is today. The use of
optical character-recognition devices, the captur-
ing of data at its source, computer-to-computer
communication, plus other factors leading to bet-
ter productivity, should eventually cause the
growth of keypunch job opportunities to level off.
Over the next 5 years, however, continued rapid
expansion of computer use should offset jobs lost
to mechanization. Thus, while keypunch opera-
tors will often be displaced by a machine, they will
be able to find jobs elsewhere ; whether this will
be the situation in the 1970's, however, is a matter
of disagreement among the experts.

Computers and Privacy

As we go through life, we leave behind a trail of
records. The first is our birth certificate, fallowca
by medical records and then educational data, in-

FA "DC Output : From Our Man in Washington," Computer
Design, September 1965, p. 8.

52 Max Palevsky, "Tomorrow's Data Processing and Computers,"
Interface 4, Scientific Data Systems, speech given at Institute of
Management Sciences, Los Angeles, Calif., Apr. 80, 1965.
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eluding grades, behavior, IQ-test scores: and per-
sonality profiles. We may spend some time in the
military service. We obtain a social security curd
and start a history of employment records. We
get a driver's license. Some of us will receive
traffic citations, and others may have police rec-
ords for more serious offenses. The list is endless.

Today, these records are widely dispersed and
generally inaccessible in their totality without a
great deal of effort and diligence. The price for
putting together a complete personal history of
an individual, even with his cooperation, is very
high ; without his cooperation, it is tremendous.
In the future,_it is likely that such information will
be centralized and easily accessible, at least, to
some. Unless appropriate precautions are planned
now, an unscrupulous individual would be able
to turn up scandalous and defamatory informa-
tion where it exists, with comparative ease.

Ifp to .the present time, it usually has been pos-
sible for an inslividual to escape his past. But with
computerized information services, if one ever
runs afoul of the law as an adult, does poorly in

school, has a poor credit record, or suffers a heart
attack, the records will be comparatively easy to
get at. From some viewpoints, this may be so-
cially desirable, but the basic question is the wis-
dom of having all aspects of a person's past life a
completely open book.

If society regards such a lack of privacy as un-
acceptable, then safeguards must be built into
our information systems. We suffered many fires
before adequate electrical codes were developed.
Let us hope that we can be wiser this time and in-
corporate adequate safeguards into the informa-
tion systems now under construction. Paul Baran
suggests a number of specific safeguards in Com-
munieatione, Computers (ma People.53 Donald
N. Michael discusses the problem in detail in
"Speculations on the Relation of the Computer to
Individual Freedom and the Right to Privacy." 54

iss Paul Baran, Communications, Computers and People, The
RAND Corp., September 1965.

5+ Donald N. Michael, "Speculation on the Relation of the
Computer to Individual Freedom and the Right to Privacy," The
George Worthington Law Review, vol. 83, No. 1, October 1964.
pp. 270-286.
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Commercial Information Processing Networks
Prospects and Problem in Perspective

1. Current Status

Information Processing Networks (IPN)

The electronic computer is gradually becoming
a common and major ingredient of all our tradi-
tional communication and information systems.
Rapid developments during the past two decades
have yielded a computing technology with present
capabilities that would have staggered the imagi-
nation of early pioneers in this field only 20 years
ago. There is little reason to expect that anyone
now can foretell developments during the next two
decades even as clearly as was possible 20 yearsago.

A current development that promises to be of
great importance and one that represents a dra-
matic advance over the past 20 years is the rap-
idly increasing worldwide capability to give ready
and economical access to many computers to nearly
any organization or person seriously needing such
a facility. Indeed, subject only to making neces-
sary business arrangements, several computers are
already available to anyone with an ordinary tele-
phone. Those with a teletypewriter on the tele-
phone system have all the equipment necessary to
make full and effective use of several major com-
puting installations in the United States.

At least one of our largest manufacturing corpo-
rations operates an internal network that makes it
poasible for each of its offices equipped with a tele-
typewriter to use several company computers at
various points in the country. The interaction
between the person at the teletypewriter and the
remote computer is essentially instantaneous in
both directions, with the user receiving exactly the
same service were he at the computer. The only
additional expense due to distance from the com-
puters is the marginal cost for increased use of the
regular voice communication system operated for
the corporation by the telephone company.

Several commercial services throughout the
country make it possible for any subscriber to have
access to one or more large computers with charges
based directly on the amount and nature of the use
made of the facility. In this sense, the computing
service is essentially the same in principle as the
various kinds of voice communication service pro-

vided by telephone and telegraph companies. The
quantity and quality of such information proc-
essing services will certainly increase rapidly and
dramatically in the immediate future. It seems
reasonable to expect that charges will decrease as
volume increases and technological costs are allo-
cated among many users.

Data Transmission Facilities

The central computing equipment and commu-
nication lines and switching systems that make this
information processing network system physically
possible are already in an advanced state of de-
velopment. Frederick Kappel, chairman of the
board of the American Telephone & Telegraph Co.,
stated recently that his company expects the vol-
ume of data transmitted over their system to ex-
ceed the volume of voice transmission before 1970,
!Ind capital expenditures are being allocated to
include sup_port for these anticipated rapid devel-
opments. He also noted that the touch-tone tele-
phone can and will be used in the near future as a
terminal for sending instructions to remote com-
puters, with synthetic voice return from the
computer to convey requested information back to
the user.

As an example of the forces_pulling against more
rapid progress, however, Mr. Kappel also remarked
that his company is converting all present electro-
mechanical central offices to electronic operation
soon, at the rate of about one new electronic office
in service every working day7 but that this mod-
ernization and changeover will even then not be
completed until after the year 2000. Nevertheless,
on balance, it would seem that nearly any kind of
physical facility required for future operations of
information processing networks can be developed
and acquired, subject only to timing and cost.

Newer advances, such as communications satel-
lites, are of great importance in meeting the ex-
panding need for information transmission chan-
nels. Even a relatively slow transmission channel
like that provided by modern air transportation is
of great importance, especially because tremendous
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quantities of information can now be reduced reli-
ably and usefully to digital form for compact stor-
age on magnetic and optical media. The cost for
transmitting this tremendous volume of informa-
tion, stored compactly, is quite negligible in com-
parison with past years.

Rapid transportation for transmitting com-
pactly stored information brings every receiving
location within only a few hours of every trans-
mitting location throughout the world. For many
purposes, this type of rapid air transport will be
quite adequate for transmitting information in the
tremendous quantities that will be required. All
of these information transmission methods are
made feasible by the existence of computers able
to transform information stored digitally and com-
pactly into many other forms, including ordinary
printed pages.

Software

Important as are the technological developments
in equipment for information processing systems,
the entire development would be relatively unim-
pressive were it not for the equally rapid advances
in concepts and procedures for managmg and oper-
ating such information networks. It is already
common practice to assume that the cost of "soft-
ware" (i.e., concepts and procedures supporting the
physical system) will be roughly equal to the cost
of "hardware" (i.e., equipments and facilities ac-
tually comprising the physical system) . Although
experience with software for information process-
ing systems and networks is still relatively limited,
it seems safe to assume that essentially any kind of
software required for future operations of infor-
mation processing networks can be developed and
acquired, subject again to timing and cost.

Fileaharing
Perhaps most significant for understanding the

present major advance in making information
processing systems generally available is that it is
possible, for the first time, to store tremendously
complex concepts and procedures developed by one
group and make them available immediately to
many others ; that is, providing only that the com-
mand language for directing the information sys-
tem is made available to other potential users.
This intellectual sharing is accompanied by an al-
most ecivally important sharing of large files of
accumulated information, where access to the com-
mand language of and physical channel to the file
represents a key that not only makes the concepts
and data available but also provides protection
against unwanted access.

Multiuser Time-Shared Computers

Excellent discussions of the concept of com-
mercial information processing networks, includ-
ing estimates regarding present and future tech-
nological progresst have been published by various
authors. 13roject MAC results at MIT typify the
present state of the art and thinkingtacrding the
"computer utility," as it is called at . Robert
Fano, director of Project MAC, has written about
both the technology and the social and economic
implications in several published articles and in
testimony before congressional committees. John
McCarthy, now at Stanford Univeisity but for-
merly at BlIT, is credited with early recognition
and discussion of the computer utility possibility,
and has contributzd both to the technological ad-
vance and to the discussion of social and economic
implications. The Project MAC computing sys-
tem now in operation services many users through
out the country and is viewed by MIT as an experi-
mental prototype for a commercial information
processing network. This system and a similar
one under development at the System Develop-
ment Corp. provide principal examples on which
to form judgments about the future of such in-
formation networks.

Arthur Samuel of IBM and MIT has recently
published an article describing existing time-shar-
ing computing systems. Computer Research
Corp. has published a census of such systems, and
the Association for Computing Machinery has
established a committee to report on developments
regularly. A group at the Harvard Business
School has completed a study of existing time-
sharing systems and plans for future commercial
information processing networks, and will soon
publish their data and findings. The Harvard
study obtained interesting responses to a -.,:i.estion-
naire designed to assess the future social and eco-
nomic impact of commercial information process-
ing networks.

Artificial Intelligence Research

There are many important special developments
of information processing networks and of rele-
vant projects to solve basic intellectual problems
already recognized as essential for understanding
present and future developments of such systems.
The National Science Foundation publishes an an-
notated list of such projects about once a year, and
these many projects provide a further basis for
assessing prospects for the future of the develop-
ing information processing networks.
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2. Special Projects (IPN)

Library

Important among special projects are several
concerned with the modernization of librarits and
the national library system. The Library of Con-
gress has begun a major project for the utilization
of computers and information processing to serve
its users. The National Library of Medicine is op-
erating a bibliographic and reference system, called
Medlars, that is already serving biomedical insti-
tutions throughout the country. The University
of California, MIT, and the University of Michi-
gan, among other major educational institutions,
are undertaking ambitious projects for the mod-
ernization and improvement of their libraries, in-
cluding continuing fundamental research in addi-
tion to immediate installation of equipments and
procedures.

The Office of Science and Technology has chosen
the biomedical library network problem as a first
major undertaking in a program to assess the im-
portance of advanchig information technology in
terms of repercussions for Federal administrative
and legislative action. There is an immediate
question faced by the Congress and the country
regarding the extent to which traditional major
libraries are appropriate for the future in com-
petition with mformation centers making rela-
tively minor use of books and other graphic
materials in conventional form. For example,
should substantial funds be dedicated in the future
for construction of traditional library buildings,
or should they instead be used for newer types of
information storage and retrieval centers?

Educational

There are many substantial efforts to develop
information processing networks in connection
with a variety of educational and training func-
tions. For example, IBM has a cooperative pro-
gram with several universities : each campus is
developing educational computer programs locally
which are operated by remote communication with
a central computer in New York. One user is in
California, another in Pennsylvania, and others
elsewhere, all using the same central files in New
York. Each participating institution is develop-
ing its own special computer _programs using
terminals operated locally -by individual students
and faculty members. Various other networks are

t'71 s.

under development for educational purposes, in-
cluding several within industrial corporations to
be used for training employees in a variety of
standard tasks. As with the library information
network movement, many projects and individuals
are concerned with research both on the technology
and the social and economic impact of such systems.

Biomedical

Past progress in the development of informa-
tion processing networks will be important for
medical practice and hospital management. It is
already possible to use a teletypewriter anywhere
on the commercial telephone and telegraph system
to interrogate a computer in Boston and obtain
results relevant for hospital management or medi-
cal diagnosis. This is all on an experimental basis
atpresent but is moving ahead satisfactorily under
joint sponsorship of the Massachusetts General
Hospital and Bolt, Beranek, and Newman, Inc.
Although not yet intended to serve users outside of
the participatmg hospital, it is quite apparent that
most of the software and much of the data can be
utilized easily in any other similar biomedical in-
formation processing system. It is significant also
that users anywhere can also make direct contri-
butions to this system from their own computer
terminals no matter how remote from Boston.

Various authors have speculated that eventu-
ally a physician located almost anywhere will be
able simply to pick up his telephone, query the
biomedical information center best equipped to
answer his question, and quickly receive a reply.
Difficult questions of considerable importance m
diagnostic considerations could be posed, with the
answers reflecting records of similar cases drawn
automatically by the computer from its files.

While no substantial biomedical data files and
procedural systems are yet available for routine
use, it is only a matter of time, attention, and the
completion of several developmental projects al-
ready under way before primitive systems of this
kind will be in regular operation. Indeed, in the
more distant future it may no longer be important
for a medical practitioner to present his expe-
rience and conclusions at medical meetings or pub-
lish them if this kind of information can be made
more universally available and usable simply by
adding his increment to the central biomedical
files.
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Automated information files can be kept cur-
rent and updated more readily than is possible
with present publication and lecture processes.
Many authors have stressed that central files will
greatly increase the accuracy of diagnosis and
quality of care for patients who change physician
or hospital or residence. Researchers and medi-
cal students can also easily be given direct ma-
chine access to these files.

Engineering

Perhaps the most impressive current example of
effective interaction between man and computer is
represented by the engineering design DAC I sys-
tem developed jointly during the past 5 years by
the General Motors Corp. and IBM. For the past
2 years GM has made systematic use of the DAC
I system in styling automobile bodies, but these
are just now beginning to affect production models.

GM's styling experts are changing their meth-
ods now that the new tool is available, a common
occurrence where automation makes possible radi-
cally new approaches that often could not be con-
ceived of previously.

Project MAC at MIT is another example of
the use of information processing networks for
engineering design purposes. The Project MAC
network is used by research engineers, faculty, and
students in nuclear reactor and-naval vessel design,
and in several civil engineering design programs
still in an early development stage. Software is
critically important, and design data and princi-
ples must be made available to the designer simply
and in a command language with which he is al-
ready familiar. It has been conjectured that de-
sign engineers anywhere in the world will, in the
not too distant future, be able to pick up a tele-
phone and query any of several central engineer-
mg information centers. It is now possible for
authorized persons to interrogate the Project MAC
sy:stern by teletypewriter and use any of the en-
gineering design programs.

Legal

Members of the legal profession and computer
technologists have jointly studied possibilities for
automatic data processing in legal matters. Some
private firms are already reducing statutes and
cases to digital form for compact storage to be
used eventually in systems designed to answer
le al questions.

any look to the day when every lawyer will be
as near as his telephone to any of several central
legal information files which he can interrogate di-
rectly to receive immediately information and
analyses on legal questions. Hopefully legal fa-
cilities of this kind will help reduce the backlog
of cases now clogging our court system, a delay

caused to a great extent by the need to search
existing files in the preparation of briefs which
automatic data processing systems can do efficiently
and economically.

Legal information networks might also be in-
terrogated even during trials; the need for com-
plete preparation of evidence in advance would be
reduced, since the essence of every decision process
is a sequential set of steps that lead eventually to
an answer to the basic question.

Product

Management of product distribution and inven-
tories, on which the computer has already had an
impact everywhere, should also be greatly influ-
enced worldwide by developing commercial infor-
mation processing networks.

In the past, otherwise unnecessarily large inven-
tories were commonly maintained simply because
of the great difficulty in keeping detailed records
adequate to ensure the availability of all items
when needed. Automatic data processing systems
have made this tremendous recordkeeping task
more manageable. Together with recent concep-
tual advances in the theory and practice of inven-
tory control,this new tool has enabled manufac-
turers, distributors, and consumers to reduce
inventories without endangering their operations
due to shortaaes that might previously have oc-
curred. Up a now these developments have not
extended much beyond recordkeeping and deter-
mination of quantities for purchase and stocking.
Placing of orders and transfer of funds due to the
transactions continue to be made in traditional
fashion. However, the future impact of informa-
tion processing networks should greatly reduce
paperwork.

The commercial information processing network
will be used extensively for advertising and sale
of products and services. When the cost is small
for a query of the system, vendors will come to
depend upon user inquiries to meet demands for
desired products. Obviously, the network must be
impartial with respect to inquiries so as not to
favor any particular vendor. An inquirer will be
able to direct his question specifically to particu-
lar, favored prospective vendors. The user will
also be able to arrange to receive further product
information by mail, and the network will make
advertising and promotional information avail-
able when the inquirer wishes. In many cases the
inquirer will be able to receive visual information
regarding the product or service as visual displays
become more economical and therefore more widely
available; this will be possible in the near future,
especially at central purchasing points where in-
quirers can come for this more complete service.

Important is the ability of a computerized in-
formation system to keep records easily on trans-
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actions it performs. Network inquiries leading to
sales will provide internal data important for
analyses of product markets. These analyses
should eventually lead to a much more effective
and efficient system for bringing vendor informa-
tion reliably to purchasers ; competitive vendors
must each strive to find the most effective pack-
aging for their information, and purchasers can
learn of the general reaction of the market to prod-
ucts and services offered. These new analytical
capabilities also raise difficult questions regarding
access to the system for these purposes2 with pro-
tection of the network's users a necessity.

Financial

Perhaps the first major use of a commercial in-
formation processing network is for the sale of
stocks through brokerage houses throughout the
country. Detailed information regarding current
market status of any of the listed stocks at many
brokerage houses is available visually, printed on
paper tape, or sometimes returned by voice mes-
sage. Thus, a broker's customer may operate a
simple console and receive almost instantly useful
and detailed information regarding the market.
Although not now the case, it would in principle
be possible to record these inquiries and use the m-
formation in analyses of market behavior.

Voice responses seem likely to be the most prev-
alent type of return from the information proc-
essing network during the next few years, only be-
cause this system already exists and is much more
economical than presently available visual display.
The capability to get a prompt voice report of
time, weather, or various other factual matters by
telephone in nearly every city is familiar to every-
one. The generalization throughout the tele-
phone system of the capability to make a sequence
of inquiries based upon answers to previous ques-
tions from the same computerized information
source will be significant in making available to
the public substantial and sophisticated commer-
cial information processing.

Sequential interrogation for simple information
can most obviously and directly be extended to
induce logical manipulation and numerical calcu-
lation in application to stored information files.
The operation of remote computers from tele-
typewriters is a current example of this kind of
sequential query and commancl system.

Thus, with sequential query and command proc-
essing, a vendor will be a-ble to ask the system if a
customer's bank balance is adequate to cover the
cost of a proposed purchase before the sale is made
and the customer's own console entry in payment
to complete the transaction is accepted. Presum-
ably, such summary balance information would be
readily available, having been produced by nu-
merical processing by the bank. In other cases,
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the network system might have to make quite
elaborate calculations before responding to the in-
quiry. A number of persons have proposed that
many kinds of fmancial transactions will soon be-
come a major feature of a national financial data
processing network. Such a major financial sys-
tem is also likely eventually to be a part of an even
larger system for processing other kinds of in-
formation.

Transportation

Many information systems are a part of some
large operation, perhaps on a national or inter-
national scale, that will be dramatically affected by
the availability of a commercial information proc-
essing network. An example is the information
processing operation needed in transportation
management to keep an operating record adequate
to guide individual haulers to the point of pickup
and destination. A large number of highly ex-
perienced personnel are required to process re-
quests and decisions regarding transport of all
types of loath by all types of vehicles. These
range from initial planning of transportation
means and routes2 including costing of alternative
solutions, to maintaining delivery records, and
eventually completing agreements by financial
transactions of various Icinds. Several major
transportation organizations are already install-
ing or considering private communications and
processing networks on local, regional, and na-
tional bases. This type of information processing
network development is not likely to be able to
proceed efficiently from a national standpoint un-
less much more careful planning is done and more
sensible direction is given from an overall stand-
point. Again, there are very difficult problems in
designing such systems to protect users from
misuse.

Implications and Impact

Here, then, are a few of the exciting prospects
for commercial information processing networks.
We have indicated these prospects only for a few
of the many fields that will be dramatically af-
fected by future developments. Our examples
typify the kind of function and advantage that
results from the availability of commercial in-
formation processing networks operating on a sub-
stantial scale.

The national library system example, including
information center networks such as that in the
biomedical field, supports the hope that the world's
vast store of knowledge may eventually be made
readily available on a current basis to nearly
everyone. The sharing of educational courses and
materials by access through national and regional
educational networks should not only relieve some
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of the strain on classrooms but promises also to
bring the best of instruction to students every-
where.

Biomedical research, the practice of medicine,
hospital management, and public health opera-
tions will improve through use of shared data files
and through cooperative exchange of important
computer programs as networks develop and make
such information accessible. Computerized in-
formation networks will also be mvaluable in
many fields of engineering, both in the practice of
engineering design and in research important for
the engineering sciences.

We are seeing the beginnings of the use of com-
mercial information processing networks in special
fields of law. Many authors are predicting that
this new technological development for law will
greatly reduce the burden of legal analysis because
of timely cooperation by members of the legal pro-
fession in making their experience and cases avail-
able to each other through network facilities.

The new impact of commercial information
processing networks upon management of prod-
uct manufacturing, sales, and distribution, is a
direct extension of the already great impact upon
these activities by prior generations of computers.

Perhaps the banking and financial communities
are moving most rapidly to take advantage of the
capabilities of commercial information processing
networks, beginning with local systems that serve
several firms but moving soon to regional and na-
tional systems serving many, many firms. Indeed,
some authors predict that these technological de-
velopments in the financial community will lead to

radically different kinds of financial transactions;
these may reduce lags in present transactions
enough to hicrease financial liquidity and transac-
tion rates to the point where the economy itself
may be altered significantly.

A powerful mixture of modern communications
and computerized information networks is making
possible the efficient management of regional and
national transportation systems. It is quite evi-
dent that similar major developments will occur
during the coming years in major industries other
than transportation ; the effects are already dis-
cernible throughout the communication system
from satellite system management down to the
telephone central exchange.

There is slow but significant progress in the
development of information networks that can be
queried sequentially on the basis of responses to
queries. This feature of information networks
will undoubtedly become increasingly important
as the general public becomes familiar with its
potential and demands more and more service of
this kind.

These few examples are intended only to estab-
lish the claim that future prospects for commer-
cial information processing networks are indeed
of major importance and are already in an ad-
vanced state of technological development. We
turn next to a discussion of some of the major
technical-economic-political-social problems that
require attention if these networks are to develop
rapidly enough and with maximum benefits for
everyone.



3. Problems and Needs (IPN)

Computer Technology

Many technical problems must be solved before
commercial information processing networks can
develop to the extent anticipated in the previous
section.

A recent study sponsored by the National Acad-
emy of Sciences under the chairmanship of Bark-
ley Rosser provides an excellent survey of tech-
nological developments involving computers. The
Rosser report stresses the use of computers in
education and scientific research, and while it says
little about regional and national information
processing networks, it portrays the state of the
computer art as of a year or so ago.

For present purposes, we shall assume that ad-
vancing computer technology will gradually solve
the problems strewed in the Rosser report, im-
portant and difficult as they are. Thus, informa-
tion processing networks will be increasingly more
powerful and economical, and such technical mat-
ters as the development of programing languages
and the production of algorithms and heuristics
will contmue to proceed dramatically.

We also adopt the now somewhat common prin-
ciple that forecasts for technology will be optimis-
tic for the near future but pessimistic for several
years ahead. Specifically, we anticipate that no
technological problem clearly conceived now will
remain important for more than a decade. Of
courses these assumptions do not imply the in-
evitability of technological advance, but only its
possibility at this rate if we devote our energy and
resources to that end. We certainly must select
among the many possible technological directions
since our energy and resources will always remain
limited.

System Economics and Organization

Another class of technical problems is concerned
more with system economics and system organiza-
tion than with the development of more powerful
hardware and more versatile software.

Recent examples of networks where organiza-
tional and economic problems have been
solved with varying 2teremess of success are pro-
vided by air reservation systems, such as the
SABRE System of American Airlines, and vari-
ous military command and control sytems, such
as the SA E air defense system. The system-

atization of operating procedures suitable for use
with a major network is itself a very substantial
technical problem. This has been demonstrated
by experience with existing military and indus-
trial networks. These networks also present tech-
nical problems of many kinds, especially when the
network provides entirely new functions and serv-
ices rather than a mere extension or mechaniza-
tion of earlier operations.

Fortunately, a great deal of .experience has been
gained since World War II in the management
and development of very complex man-machine
systems. Although much of this experience has
been with major weapons systems and more re-
cently with space systems, the American Telephone
& Telegraph Co. has been dealing expertly with
complex communications systems for an even long-
er period of time. Industry now has a very sub-
stantial capability in the systems approach. 'Thus,
there is every reason to expect that complex re-
gional and national information processing net-
works can be designed and developed economi-
cally and efficiently 13y industry and cooperatively
through governmental agencies.

Not until recently would consideration of eco-
nomic and social aspects in designing communica-
tions systems and information processing networks
have been considered a technical problem. This
change in view is not due merely to recent experi-
ence with management and design of complex sys-
tems but rather to the emergence of a considerable
body of systematic knowledge and techniques that
can be used by systems engineers.

Systems Approach

Most of our universities now offer courses, and
some grant advanced degrees, in specialties that
form part of the systems engineering approach.
These courses are offered under programs called,
for example, systems engineering, operations re-
search, management science, benefit-cost analysis,
cost-effectiveness analysis, systems analysis, com-
puter sciences, and communications sciences.
They are often also offered within traditional engi-
neering departments as specializations within some
older discipline, such as Industrial engineering or
control systems engineering. Only very recently
have universities been graduating substantial
numbers with advanced training in these systems
specialties. There has also been a very significant
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outpouring of basic research papers of importance
for the foundations of systems methodology, and
many professional groups publish journals and
monographs dealing with various aspects of the
systems approach.

Perhaps the most widely publicized success in
the use of the systems approach to major manage-
ment problems has been the cost-effectiveness work
throughout the Department of Defense under Sec-
retary McNamara and Assistant Secretary Hitch
and their colleagues.

The systems approach has provided a new tech-
nology for treating complex systems matters from
the standpoint of economics and efficiencycom-
plementing the more traditional engineering ap-
proach for developing systems that perform ac-
cording to chosen specifications. There has been
no corresponding technological advance of any
consequence in dealing with the critically im-
portant problem of matching complex systems to
social needs and in harmony with political
realities.

At present, those who previously applied sys-
tems methodology tu military and aerospace prob-
lems have been seeking to adapt these techniques to
major social problems. The current overt attempt
by the State of California to hasten this transi-
tion by contracting with aerospace firms provides
an important example of this trend, as do similar
efforts at the Federal level in education, health,
natural resources, environmental pollution, urban
development, and elsewhere. But nowhere has
there yet been any significant advance in develop-
ing technological means for dealing systematically,
expertly, and directly with the social and political
aspects of such major social problems, great as is
the need. Of course, economically efficient system
design and management helps indirectly in meet-
ing social and political goals.

The greatest barrier to the development of so-
cially desirable commercial information process-
ing networks may well be the lack of adequate sys-
tems methodology and systems management
experience to match social goals against techno-
logical alternatives and political realities. An
equally great barrier is natural human resistance
to change, especially when basic human value
structures seem to be threatened.

Benefit-Cost Analysis

We are quite unable to estimate even crudely the
social value of benefits from improved health and
prolonged life that might result from biomedical
information processing networks. Some progress
might be made in the immediate future in esti-
mating the direct effect on health and longevity by
specific networks of this type, assuming they are
politically and socially acceptable. However,
there are no methods adequate for estimating the

degree to which such a major innovation would be
accepted and used by the health profession and
general public. Nor do satisfactory scientific or
technical methodologies exist for investigating the
political feasibility of such proposals.

It is very difficult to evaluate existing legal
structures and social customs. It is even more
difficult to devise systems that would induce
planned social change. Of course, many social
scientists and legal scholars are deeply concerned
with such problems, but their methodologies have
not yet been found useful in the design and man-
agement of complex social systems. A. few of these
benefit-cost analysis problems will be discussed in
more detail, for even though they cannot be treated
satisfactorily by technological methods available
at present, they must be resolved eventually.

.Pis difficult as it is to estimate anticipated social
benefits and related costs for proposed alternative
networks, the task is unavoidable since the choice
must be made. No such estimates will be offered
here although very general statements are made
about possible benefits and likely costs. The need
is great for governmental action that will lead
rapidly to a benefit-cost analysis capability ade-
quate to treat such complex systems problems.

Data Storage and Transmission

Commercial information processing networks
can develop only to the extent data transmission
is made possible by the conununications network.
Telephone and telegraph lines, microwave chan-
nels, and transmission using satellites are some
of the forms of links within the total communica-
tion network. Since system and links were de-
signed primarily for two-way transmission of
messages between pairs of individual users, not
too surprisingly these channels and the switching
systems that control them are not always ideally
suited for the purposes of information processing
networks. The communications industry is aware
of this problem and is taking. many important
steps to expand and modify the communications
system to make it more economical and better
suited for data transmission. However, most of
us directly interested in more rapid advancement
of information networks believe that attention
being given to this vitally important problem is
completely inadequate, and that the lag in devel-
oping ideal data transmission facilities is delaying
network progress substantially.

The American Telepho-ie & Telegraph Co.,
Western Union Telegraph Co., and other firms in
the communications industry are faced with many
difficulties as they consider alternative develop-
ments and operations for a future with computers
as major users of communication links. Present
rate structures and communications regulations are
often unsuited for data transmission as a principal



INFORMATION PROCESSING NETWORKS

operation
'

yet designers of complex information
networks must anticipate future rates and regula-
tions and consider these very seriously in the de-
sign of any new system. Should estimates of fu-
ture regulatory actions turn out badly, then a sys-
tem may be grossly inefficient and costly from every
standpoint. This problem is circular and therefore
especially difficult : Future rates and regulations
affect system design, but the types of systems actu-
ally placed in operation play an important part in
determining rates and regulations. There is an
urgent need for persons with great expertness in
data transmission matters at policymaking levels
in both Federal and local governmental agencies,
especially in regulatory agencies affecting infor-
mation network development.

An example of a major technical problem in the
communication area may help clarify the nature of
some of these difficulties. In the past, when two-
way voice interaction was the primary function
made possible by the telephone system, it was sensi-
ble to base charges on the amount of time a line of
a given length was temporarily made available for
an exclusive use. At least the users attributed this
property to the system, even though a channel
might actually have been shared concurrently with
others. The lines and switching systems in the
telephone network have been developed to make
this type of two-way, instantaneous verbal inter-
action possible. However, these are not at all the
properties that may be most important when com-
munication channels are being used within an in-
formation processing network.

A user of the information 'processing network
may often start to interact with the network by in-
serting a message which is subsequently processed
by a computer ; the computer, in turn

'
determines

which portions of the request will be transmitted
to various other processors in the network. This
hierarchical processing may be repeated for several
stages, and eventually return information to the
user without informing him of the nature or loca-
tion of steps that occurred toprocess his request.
Since the network will be serving many such users
simultaneously, each processing station will, of
necessity, need a buffer memory for storing incom-
ing messages temporarily for later processing or
for transmission elsewhere, according to instruc-
tions contained in the messages and priorities for
processing assigned by the user or system. By stor-
mg incoming messages until they can be handled
and forwarded most efficiently, the entire system
improves its response rate and processing capacity.
But the rate structures, the storage and switching
mechanisms, and the basic network must be quite
different for this type of information processing
network from those for existing voice communica-
tion operations.

There are many technical difficulties in develop-
ing such multiprocessing systems even to serve a
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few users, like those now being developed as exten-
sions of major time-sharing, online computers.
The managers of multiuser online computers are
just now attempting to find systems for charging
for use that depend properly upon amount of proc-
essing, use of communication links, and use of
memories of various speeds and capacities. These
problems will simply be magnified manyfold as the
number of users, lengths and variety of links, and
speeds and capacities of memories are increased to
the extent necessary in regional and national
networks.

National Policy

Southern Railway is developing its own internal
communications net using microwave links for an
information processing network adequate for its
operational and management needs. This is said
to be the largest privately owned microwave sys-
tem outside the communications industry. South-
ern has acquired communications and computing
equipment costing $30 million for this network.

Among other benefits, Southern Railway expects
to need many fewer cars within its system simply
because the computer network will give accurate
and immediate information about the daily status
of every car on its lines. Here is an important
example of an information processing network
within a single organization ; others of comparable
magnitude are in operation or being planned, per-
haps only because it is not yet clear that there will
be a national commercial information 'processing
network able to meet the needs of these major
users.

A consistent national policy is urgently needed
to guide governmental agencies and private orga-
nizations m planning major information process-
ing networks like that for the Southern Railway.
Otherwise, this development will not likely be
efficient and timely for the Nation as a whole.
Many other major data transmission systems may
be constructed and operated separately from the
common coimnunications system only because the
Federal Government fails to induce timely action
by the communications industry to develop and
operate adequate data communication networks.

Standardization

The need for standardization of equipment and
procedures presents immediate problems when in-
clependent networks are developed. Computer
programs will certainly vary a great deal between
mdependent networks, even when they have very
similar functions; this variation in systems soft-
ware will inevitably lead to incompatibilities when
direct coupling between networks is attempted
later. In any event, independent development of
comparable software leads to waste simply because
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of the multiplicity of solutions to the same prob-
lem.

Standardization problems are familiar when
complex systems must be developed, with the ac-
companying necessity for a very delicate balance
between standardization and specialization. It
seems very unlikely that governmental action will
alter the present course of development of inde-
pendent networks, if only for lack of understand-
ing necessary for national solutions. Thus, actions
are urgently needed to reduce waste from lack of
standardization and unnecessary proliferation of
independent networks.

The Federal Government could, for example,
subsidize or perhaps even operate one or more ma-
jor commercial information-processing networks.
If this were done in the near future and in terms
understandable to the many potential users of such
networks, many otherwise undesirable independ-
ent network developments could be forestalled in-
directly2 even though our present technical knowl-
edge is inadequate to permit expert planning of a
major national commercial information processing
network. However, the proposed action is justi-
fiable in terms of gains in potentially invaluable
experience with such systems at the national and
regional levels.

Permanence, Privacy, and Sharing of Files

Another major problem, in part technical and hi
part legal and social, relates to ensuring perma-
nence and privacy of data files within a commercial
network serving many persons. It is especially
important to assure privacy, for example, for the
student, executive scientist, and patient who may
not want anyone ice see their mistakes.

In current online, multiuser information proc-
essing network operations, information processors
and associated memories are separated organiza-
tionally from the communication net. Typically,
a user operating a teletypewriter remote from a
computing center transmits and receives data over
a standard commercial telephone or telegraph line.
He has the usual assurance of privacy as a user of
the commercial line, but must be protected against
wiretapping. The computing center normally af-
fords varying degrees of memory protection and
privacy against entry to data files in the memories.

This form of system organization, in which com-
munication links are operated by one organization
and data manipulation by another, represents one
possible approach to solving problems of perma-
nence and privacy. However, this type of organi-
zation is fundamentally inefficient and therefore
undesirable because it eliminates many gains other-
wise possible through capacity sharing by several
users.

Problems of memory protection, privacy of files,
and interchangeability of capacity are difficult and

familiar to every designer of advanced computing
systems. Fortunately, a great deal of progress is
being made toward their solution, at least for the
relatively modest systems at Project MAC and the
System Development Corp. It seems reasonable
to expect that these important problems will be
treated successfully for larger networks in future
years. It may even become necessary to alter our
concepts regarding privacy as otherwise highly de-
sirable changes make old-fashioned privacy less
and less attainable.

Protection of Rights of Users

The legal and social problems created by the
emergence of commercial information processing
networks are exemplified by problems of memory
protection and privacy of files.

What recourse should a bank or depositor have
if data pertaining to accounts are irretrievably lost
because of negligence or to malfunction of mem-
ories within a commercial information processing
network ?

What is the degree and nature of responsibility
of the owners of a network if the response to a
physician's inquiry leads to an action by a hospital
that is fatal to a patient ?

Who is liable, and how is the extent of liability
determined, if an industrial user of the network
somehow manages to obtain data pertaining to the
operations of an important competitor ?

What is to be done if a regular user of the net-
work somehow manages to change the programs
controlling the network to produce a malfunction
that goes unobserved for a considerable period of
time and has damaging results to many users of
the network ?

What are the rights of users of a network with
respect to orders by a court or governmental
agency to enter memory files to obtain information
possibly damaging to the user ?

It would be quite easy to pose endless hypo-
thetical questions of this kind, but these few illus-
trate the nature of this aspect of a broad problem.

These questions probably arise in some context
unrelated to information processin networks.
And while they are tremendously 1 cult in any1

case, the difficulties seem to be so greatly magnified
in the context of commercial information proc-
essing networks that they become different in
character rather than merely in degree.

Development of major commercial information
processing networks may be delayed very g. ready
unless such problems are solved soon and the gen-
eral public becomes convinced that the dangers will
not outweigh the advantages. If such problems
cause serious difficulties in the near future in pres-
ent primitive networks, then confidence may be
unnecessarily shaken simply because no action was
taken to forestall them.
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There certainly seems to be no possible immedi-
ate Government action that would entirely remove
these difficulties. However, the Government could
make it evident that it accepts some direct responsi-
bility during the immediate future as reassurance
to network developers and potential users. One
modest step would be to license network operatorsi
and establish requirements regarding their techni-
cal and financial capability.

Protection of Public

A law enforcement example. Another kind of
problem, more social and political than technical
or economic, relates to the threats to the general
public from new capabilities of information proc-
essmg networks. For example, computers have
already had some success in locating criminals and
even in anticipating and preventing crimes. Re-
cently a scofflaw was apprehended in New York
City a few seconds after the vehicle's license num-
ber was transmitted to a central computer. An
immediate check against the computer's memory
and its response led to on-the-spot arrest and sub-
sequent conviction of the driver.

At least in two counties in California a computer
routinely compares the detailed record of a crime
against mformation in its memory describing the
habits and characteristics of all known past of-
fenders, with frequent success in identifying those
most apt to be guilty. Results of current research
indicate that computers will soon be able to aid
police officials to predict likely crimes which can
then be prevented. Judges and probationary of-
ficials will also 'be able to interrogate files when
considering rehabilitation actions to determine the
best remedial treatment.

In a sense, these technological developments can
be considered evolutionary advances m policing
practices, just as was radar, fingerprinting, or the
many other scientific aids for criminal investiga-
tion. Public resistance will certainly mount as law
enforcement agencies catalog the lives of a large
segment of the general population. For example,
the New York City scofflaw attracted a great deal
of sympathy from other motorists who felt that the
computer technique was somehow unfair.

It is always important to prepare the public be-
fore introducing any new technological device or
procedure that may appear threatening to older
ways and customs. Sometimes innovations are
impeded if not halted because advance prepara-
tions were inadequate. Care should be taken to
assure that political and social pressures do not
delay otherwise desirable advances.

A stenographic eervice example. Automation,
and more recently automation based upon use of
computers, has constituted a threat. It has often
been attacked as socially and economically unde-
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sirable because the result sometimes seems to be
increased unemployment, or at least temporary dis-
placement of workers from their old jobs.

Commercial information processing networks
will have desirable effects in the long run. There
will be temporary undesirable effects, especially if
governmental and private organizations do not act
promptly to ameliorate the situation of those tem-
porarily displaced or unemployed.

One commercial information processing net-
work already specializes in the remote preparation
of letters dictated into an ordinary telephone by a
customer ; we anticipate that this kind of service
will develop rapidly as it becomes more feasible
and economical. However, this new kind of sten-
ographic system will have an impact in terms of
possible unemployment and displacement of ste-
nogrraphers and secretaries. Thus, steps should be
taken early to prepare stenographers and secre-
taries and others concerned with such a threat, so
that corrective measures can be instituted.

The transition could be made gradually despite
pressures to convert as rapidly as possible to the
new and more economical system. However,
broader social objectives must be considered, just
as in other cases where technological advance cre-
ates temporary displacement of personnel.

Analysis of IPN Impact

Thus it is not only possible to control the transi-
tion7 but such a transition can also be studied dur-
ing its early stages to determine desirable controls.
It is difficult to predict even the nature of the im-
pact of stenographic functions performed within
commercial information processing networks. It
is still more difficult to describe the impact in quan-
titative terms. This development could be studied
in its early stages to obtain quantitative informa-
tion that would be helpful m devising effective
controls for later stages. This type of manage-
ment control study would need to be done on a
regional or national scale, and probably by the
Federal Government, for no private organization
could afford the cost of such an undertaking nor
would it be motivated to do so.

Therefore, the network can also be used to gather
information about its own operations, automati-
cally recording and storing detailed data, a capa-
bility which makes it quite special. However, this
capability will not be available unless it is planned
as part of the original system design ? something
again which would very likely require govern-
mental action since private organizations would
have no adequate incentive for the task.

Allocation of Scarce Resources

Another facet of the social and political ques-
tion, and one of the very greatest importance, con-
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cerns where the emphasis should be placed, from
the national viewpoint, in supporting the develop-
ment of commercial information processing net-
works. Should the stenographic function be fa-
vored over making available biomedical informa-
tion ? Should the choice favor major potential
users like the Southern Railway and other large
industrial organizations, or should it lean toward
meeting public needs such as law enforcement ?

Should the necessary tremendous public ex-
penditures be made for networks to serve the school
system and libraries or to prime the development
of the many kinds of networks that would improve
the capabilities of privge sectors of the economy ?

Should public fun& be devoted to developing
information networks or to alternative methods
for improving the same function ? What, for ex-
ample, are the relative merits of Federal aid in
support of our present school system in contrast
with the application of a substantial portion of
these funds toward the development of an infor-
mation processing network important in the fu-
ture of the educational system ?

Each choice has important social and economic
consequences. Each question requires political
action for its resolution. None of the questions
has a ready answer, nor can they be answered
easily even after extensive study. But it is vitally
important that the range of questions be considered
in their entirety.

No one Federal agency seems to be responsible
for this type of broad national policy matter, with
the task left to be done as it can through collabora-
tion among many bureaus within Government.
This traditional approach is not apt to lead to a
good national plan in this instance because of the
extent that the developing information processing
networks impinge upon every area of human in-
terest and human activity.

Motivation of Cooperative Endeavor

Another class of problems might be called moti-
vational, with their treatment requiring technical
deve1opments2 economic analyses, legal actions, and
political adroitness. Generally, these problems re-
quire that methods be devised to encourage in-
dividuals and groups to make useful, creative, and
unselfish contributions to the information net-
work. They must be motivated in part by some
system of explicit rewards and penalties, but pri-
marily by a basic belief that the system can only sie-
velop through unselfish cooperation.

For example, the programs developed by GM
as part of the DAC I- system could be made avail-
able to competing firms if some way could be found
to protect the proprietary interests of General
Motors. Indeed, a competmg company with simi-
lar design problems could, if it had a compatible
computer, simply copy the computer programs,

perhaps on magnetic tapes. At present, General
Alotors could certainly arrange to sell or rent such
programs to others, as is often done by other com-
panies. There is some doubt that the patent or
copyright system affords adequate protection for
programs interchanged in this manner, but pre-
sumably this could be corrected through suitable
legislative action.

The character of similar proprietary problems
for large information networks is changed, even
though the change may seem only to be one of de-
gree. Almost all such programs are continually
revised and improved both by the originator and
by other users, and so the development of shared
programs automatically becomes cooperative.
Thus it would be exceedingly difficult to measure
the contribution of each user. But because co-
operative developments are socially and economi-
cally desirable, it is important to devise methods
that will motivate users of the system to contribute
to aid the advancement of the art for the joint good
of all.

Patent and copyright systems, our system of con-
tracts and agreements, and many social and ethical
customs that help produce cooperation provide

iparallels for the problem. The difference n infor-
mation networks arises from the immediacy of
transferring new information from the originator
to other potential users as a prime characteristic of
the network operating reliably at electronic speeds.
To encourage full cooperation, one or more infor-
mation networks may have to be operated either by
governmental agencies or as regulated monopolis-
tic utilities.

One disadvantage in operating an information
network as a public utility is that individuals and

''aroups
could offer improvements only after negoti-

ating with the utility about the terms of payment.
Companies operating telephone systems have the
same problem in purchasing component parts for
their systems, since many suppliers offer competi-
tive items and on financial terms that must be ne-
gotiated. Presumably, the same methods could be
used in acquiring physical components for an in-
formation network operated as a public utility-.
However, there seem to be no satisfactory methods
for conducting negotiations on software compo-
nents since this kind of innovation has usually been
protected by secrecy, a method that usually seems
to fail to protect the originator of software con-
tributions to information networks. It is fre-
quently possible to give full access to certain com-
puter operations while preventing all users from
having the code itself, and in this case secrecy does
work.

Competition

A closely related, troublesome problem exists
whether the information network is operated as a
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commercial enterprise by a private organization or
is controlled in some way by the Government : A
desirable innovation may be unwisely rejected by
the network's management. When many organi-
zations offer competitive products and services
competition usually helps assure that desirable in-
novations find their way into the operating sys-
tems, an important virtue of our free enterprise
system.

Perhaps, then, there should be several major in-
formation processing networks to Lruarantee
healthy competition to encourage technological
advances. Several competing information net-
works could be organized geographically with ap-
propriate interconnections, and be allowed a good
deal of independence in d,eveloping innovations.
Competing software producers, data transmission
system operators, and network operators could, of
course2 be established on bases other than geo-
gra_plucal to prevent monopolistic control.

For example, the American Express Co. com-
petes with the Federal postal service. We cannot
evaluate the past effect of competitive operations
in this case nor judge whether such competition
would be desirable in the case of information net-
works, but the possibility seems worth considering.

Quite apart from any possible competitive ad-
vantages between publicly and privately operated
netwe rks, it may be desirable to create at least one
public netw3rk in the immediate future to ac-
celerate information network development and
provide experience and methods for subsidizing
future network operations. Many possible proto-
types could be considered in this context in terms
of past experiences in the field of transportation,
particularly since the impact of information net-
works may eventually be as great as that of trans-
portation systems in the past. Indeed, there is
some evidence that greatly improved communica-
tion and information transfer systems may change
both our urban patterns and transportation needs
over a period of the next decade or so.

General Governmental Actions

Accelerate desirable growth,. The final major
problem we shall discuss concerns governmental or-
ganizations and actions, primarily at the Federal
level, and the task of accelerating the development
of major commercial information processing net-
works found to be desirable through proposed
benefit-cost studies.

The question remains as to preferred organiza-
tional and operational actions by the Federal Gov-
eminent that would bring about the desired re-
sult.

Extend previous support. Historically, advances
in information processing technology have re-
sulted almost entirely from financial support from
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the Federal Government, at least in the pioneer-
ing stages of each major advance. Army Ord-
nance Department research support led to the
ENIAC, usually considered to be the first of the
modern stored-program electronic computers.
There are many examples of critical Federal sup-
port for computer development since World War
II, and more recently the entire effort has been
greatly assisted by projects under the space
pro.gram.

Aithough the concept of online time-sharing
multiuser computing systems was not new, the
great recent advance in this direction seems cer-
tainly to be due to the substantial financial sup-
port given by the Advanced Research Projects
Agency of the Department of Defense to Project
KIC at MIT, to the System Development Corp.,
and to various other research groups. Earlier
work at the MIT Lincoln Laboratories, the Rand
Corp., and other places also progressed because of
Federal support, especially from the Department
of Defense.

Federally supported development of the SAGE
air defense system, and more recently at the Gen-
eral Electric Co. of online computers designed for
command-control purposes have yielded processors
and memories that are finally reasonably efficient
for time-sharing computer systems. Without these
boosts by the Federal Government recent ad-
vances in computer technology would have been
unlikely ; it also seems reasonable to suppose that
Federal support will continue to be essential for
further major advances in information process-
ing systems technology.

Develop overall planning. There is much to be
said lor competing agencies to stimulate innova-
tion, and it is far from evident that overall plan-
ning would have led to better computer develop-
ments. However, an overall guiding plan pro-
duced at the top level of the Feoleral Government
might improve the selection of future programs
even by the same agencies. A start has been made
through recent planning activities of the Presi-
dent's Office of Scimce and Technology and
through the Federal Council and other interagency
coordinating committees which may well be the
bests steps for the present. There is certainly no
great difference between the planning problems of
advancing information processing system technol-
ogy and those in many other fields where tech-
nological advance is rapid, ar. kl it seems reasonable
to depend upon comparable orgimizational and
management mechanisms in all such cases.

Special Governmental Actions

COSATI library planning. An interesting cur-
rent example of planning under the Office of Sci-
ence and Technology can be found in the work of
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the Committee on Science and Technology Infor-
mation (COSATI), a subcommittee of -the Fed-
eral Council. It is presently concerned with
formulating policies to guide the development of
national biomedical networks and national library
systems for information processing networks to
store and retrieve books, journals, gocuments, and
other graphic material. Certainly COSATI
should be able to produce a technically feasible,
economically desirable, socially acceptable, and
politically workable proposal for the organization
and operation of information processing networks.

If the Federal Government does act to imple-
ment recommendations made by COSATI, it will
be important that all Federal agencies, and indeed
many other governmental agencies and private or-

ations, cooperate in develops I portions of
ratational information system. I any informa-1

tion subsystems exist as part of a system that now
performs this same information function, though
not at all adequately. Thus a great deal can be
learned by comparing the effectiveness of the
older system with the new national system as it
develops.

A decision to proceed with such a national in-

formation network would constitute a giant step
forward toward the solution of most of the prob-
lems discussed here. However, this particular
type of information network would not necessarily
be the best one to develop at the present, even to
fmd solutions to the major problems discussed, for,
it seeks to fill a great void whereas other network
possibilities might supplant existing systems that
are operating satisfactorily but less efficiently.

A ffderally supported major IPN. It would seem
desirable that the kind of thorough study being
made for COSATI would be followed in connec-
tion with every major proposal for national or
federally supported networks.

Any particular information processing network
most worthy of support by the Federal Govern-
ment at this time should be selected on the basis of
careful study. The most urgent need is to pro-
ceed with at least one major mformation network
as the quickest and surest way of gaining badly
needed experience. Such a major action by the
Federal Government will undoubtedly also pro-
vide badly needed encouragement to many seg-
ments of industry.



4. Conclusions and Recommendations
The following conclusions and recommendation"

are supported only by the discussion of prospee
and problems in this report. They are not 0
fended quantitatively in detail, nor do they rej
resent the results of extensive analyses. Our find-
ings are based upon facts and opinions published
elsewhere or obtained by personal correspondence
and conversation with many experts in various as-
pects of this broad field.

This report, and therefore its conclusions and
recommendations, is biased in the direction that
technological problems are easily solved, that com-
puters are of great importance for our future, and
that information processing networks serving
many users constitute the next great advance in
the application of the computer art to practical
affairs. The problem, then, is stated as that of
finding actions that might best be taken by the
Federal Government, both by the Congress and the
Executive Office, to encourage and accelerate de-
sirable developments of information processing
networks.

Commercial information processing networks
will not develop as rapidly as desirable unless
prompt steps are taken to increase greatly the
capacity and efficiency of data storage, switching,
and transmission facilities. The demand for this
increase will not be apparent unless and until there
Ls reasonable certainty that such facilities will be
available on an economical basis; otherwise infor-
mation network system planners and developers
cannot afford to consider substantial expansion.

Ideal efficient data communication facilities
differ in character from familiar two-way message
transmission systems. An ideal local data switch-
ing center with direct two-way lines to its cus-
tomers would typically store tagged bursts of data
from several customers before forwarding them to
centers elsewhere. This store, process, and for-
ward operation would take place in comparable
manner at all centers. Service charges, which
would depend upon the extent of use, would be
made according to pricing schemes based upon
marginal cost analysis.

Information systems technology is not yet suf-
ficiently advanced to support the development of
ideal regional and industrial networks, but several
multiprocessor, multiuser online computing sys-
tems now under development or in use are provid-
ing experience that should gradually enable us to
approximate this ideal.

either the structure nor the history of the corn-
q;ons industry makes us optimistic for the

ra Jopment of a data communications net-
wth.. .ble of meeting the needs of commercial

.lion processing networks during the com-
ing '4, Governmental action is needed soon
to r 11 ar nuxiliary data communications
11# =iy offering sufficient inducements

iiva ,try or by creating a new Federal
i-anti agency n order not to lose the great

itiaI gams possible from more rapid develop-
ment of information processing networks.

Developments in data storage and processing
equipment, input and output devices, computer
programs and programing languages, and complex
information processing systems, together with
many other laardware and software advances,
promise advances in an already abundant tech-
nology in support of future commercial informa-
tion processing networks. However, these captc-
bilities are countered by a comparable inability to
select and design information systems of greatest
importance for the future of our society.

During the past 25 years substantial advances
have been made in developing and applying the
analytical approach to complex system design and
planningproblems, especially during the past few
years with respect to defense systems. It has re-
cently become fashionable to use the results of
benefit-cost studies in designing and planning
many kinds of complex systems other than those
for defense purposes. The Office of the President
has urged the use of benefit-cost studies generally
throughout the Federal Government, and such
studies of information network possibilities are
being made currently for the Office of Science and
Technology. These may soon yield useful guid-
ance from the Federal Government for all con-
cerned with advancing the development of com-
mercial information processing networks.

Technological advance, which has resulted in
good part from Federal support, is now so fast
that it may no longer be desirable to depend upon
more or less fortuitous events, such as emergency
war needs for bombers and transport aircraft, to
encourage major new technologles. It may well
be preferable for the Federal Gtovernment to sup-
port one application of information system tech-
nologT, say the proposed national network of
libraries and information centers, to afford maxi-
mum assistance and encouragement for other
important applications of this technology.
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Commercial information processing networks
can develop effectively only if users are motivated
to contribute cooperatively innovations in proce-
dures and data stores. Suitable methods must be
devised to guarantee users privacy and protection
against loss or alteration of their files, and to find
workable procedures for making restitution in
case of failure of these methods. (Here the diffi-
culty lies in not being able usually to determine
the cause of failure.)

Methods must be found to reward those who
contribute improvements to the system. Copy-
right and patent processes seem totally inadequate
for protecting contributors, and secrecy seems im-
possible by the very nature of an information sys-
tem. In many cases, an improvement may be made
almost continuously over a considerable period of
time; for example, the continual revision of a
course of instruction offered to the users of the
network. Thus, determining a proper basis for
rewards is difficult or impossible. 11)erhaps best
would be to start by simply urging unselfish in-
novative cooperation for the joint benefit of all
users, and then install reward procedures as
feasible.

Most important is the need to capture general
public interest and instill confidence in the poten-
tialities for future benefits of information process-
ing networks. These needs range from offering
assurance to those whose job security is threat-
ened, to convincing every teacher and student that
the information network should be developed and
used because it is beneficial. Systematic records
regarding its own use kept by the network would
include data useful in monitoring and controlling
the reaction to the system of its users% especially
important for earliest systems to provide experi-
ence in forestalling undesirable reactions later.

Fortunately every telephone and teletypewriter
can be used as a terminal for nearly every infor-
mation processing network. The general public
should be enabled and encouraged to get direct ex-
perience in the use of these networks as soon as
possible. Most schools could and should have at
least one teletypewriter installed to enable teach-
ers and students to understand and demand in-
formation processing services and become key par-
ticipants in the design and improvement of the
information processing network. For effective
participation, the system must include programed
responses to user inquiries to enable users to learn
and relearn continually as the system changes.

Legislation and regulation at national and local
levels will have to be changed if information net-
works are to be developed rapidly and success-
fully. Present laws, regulations, and customs af-
fecting the communications industry lead to ac-
tions and delays that are unfavorable for the de-
velopment of an adequate data communications

network. The responsibility of commercial infor-
mation processing network operators to the using
publio may well lead to legal requirements for
licensing and other steps to ensure technical and
financial capability of the operators. Many, even
most, of these problems have direct counterparts
in other fields; some seem novel because of the
extent that users of the system also help to
improve it.

We have assumed that commercial information
processing networks will inevitably be developed
and certainly be beneficial. Such networks could
contribute to meeting recognized unmet national
needs or social goals. For example, information
processing networks might alter present patterns
of urban development.

We believe that future uses of very advanced in-
formation processing networks will compete with
and often supplant our present modes of inter-
action, and thus greatly increase our dependence
upon the communication network. This will be ac-
companied by a reduction in the use of our trans-
portation system. For the next few years, any such
significant changes should be taken into account in
future planning.

It is recommended that :
(1) Full respoilzlility, adequate authority, and

necessary funds be given to an appropriate agency
of the Federal Government, either existing or
created for the purpose,to ensure that the Nation's
communication system is planned, developed, and
operated to provide efficient and adequate capabil-
ity to meet future needs for information (data)
storagei processing, and transmission.

(2) The Federal Government bring into being,
as rapidly a s technology permits, at least one
limited but major information processing network
that is planned, developed, and operated to:

(a) Accelerate technological advance and
gain experience in appraising economic
and social benefits and costs of informa-
tion networks; and

(b) Help meet a recognized unmet national
need, such as for better information trans-
fer through a national network of librar-
ies and specialized information centers.

(3) Authority be granted and funds appro-
priated as necessary to enable appropriate agencies
of the Federal Government to create and support
immediately one or more commercial information
processing networks to serve the general public
over the regular telephone and telegraph network,
at an approximate annual expenditure of about
$10 million per center.

(4) The Federal Government review its own fu-
ture needs for computers and information process-
ing services to determine which needs can best be
met by information processing networks, whether
operated internally by the Government or exter-
nally by private organizations.
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ABSTRACT

Process control by digital computers is the latest step in the evolution of control techniques. It
includes simple recipes for running early batch processes, measuring devices and controllers for
regulating individual process conditions, and data loggers for collecting and typing process data
in an orderly form. Use of digital computers for process control began about 1958-59 and has grown
rapidly, about 800 systems having been installed or ordered in the United States at the end of 1964.

The cost of a process control computer installation is $200,000 to $400,000, sometimes more, divided
about equally between equipment and services. Each installation requires several man-years of
effort by technical personnel for planning, design, programing, and installation. Investments of this
magnitude have been justified primarily by increased production, decreased waste, better control of
quality, greater safety for personnel, and reduced chance of damage to equipment.

Process managements did not expect and have not experienced reductions in operating manpower
requirements, chiefly because the number of operators was already at the minimum practical leveL
A survey of 22 user companies, accounting for about one-fourth of the process computers installed
or ordered in the United States, showed many instances of no reduction and an average of about one
operating employee per computer.

Manpower reductions caused by process computers per se are a negligible part of employment
changes observed in recent years in the petroleum, chemical, iron and steel, electric power, pulp and
paper, and cement industries which now account for 90 percent of the process computers installed or
ordered. More significant factors are the introduction of new processes and the use of larger proces-
sing units.

It is estimated that these six industries might eventually install as many as 2,800 process com-
puters ; assuming 4 employees displaced by each computer, their ultimate displacement would then be
12,000 employees. With an allowance for other industries, the maximum effect would be 12,000 to
20,000 employees displaced.

These estimates do not include technical personnel who must be added for process computer system
planning, design, programing, and installation. A shortage of these people and an insistence on
benefit-cost calculations for each proposed installation are the primary factors in setting the rate at
which process control computers are being installed.
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Manpower Implications of Process Control
Computers in the Process Industries

1. Fundamentals of Process Control
Before discussing the manpower implications of

control computers in the process industries, it
seems appropriate to offer a brief technical de-
scription of the activities under consideration. In
this section, a few basic terms are defined as an
aid to understanding and as a means of bounding
the field to be explored. The evolution and ob-
jectives of process control technology are described
briefly to explain the current interest in computers
as control devices. In the next section, process
computer systems are discussed in greater detail to
indicate their functions, installation procedures,
justification, and importance.

A. Definitions

For purposes of this report, a process can be de-
fined as an assembly of equipment performing
physical and chemical transformations on raw
materials in order to convert them intomore useful
or valuable products. The physical transforma-
tions include such operations as crushing, grind-
ingr distillation filtration, melting, and freezing,
while chemical 'transformations include the com-
bination and disassociation of materials by reac-
tions often conducted at high temperatures and in
the presence of catalysts. 13rocesses for the man-
ufacture of gasoline, chemicals, steel, paper, glass,
synthetic rubber, and many other materials easily
fit this definition. With only a slight stretch of
the imagination, it can also be applied to the gen-
eration of electricity from coal, oil, gas, or atomic
fuels. It could even be stretched to include the
transport of gas or oil by pipelines, where the
product gains value by being moved close to points
of consumption.

As a further description of the area of technol-
ogy considered in this report, we will not deal with
manufacturing processes found, for example, in
the fabrication of consumer products such as auto-
mobiles, refrigerators2 or cameras. Nor will we
consider the many miscellaneous applications of
control devices, computers,.or digital equipment to
such diverse jobs as machine tool control, engine
testing, missile checkout, television switching or
toll registration.

The term "process control" refers to procedures
and devices which can be employed to cause a
process to perform in a desired manner. The na-
ture of these procedures and devices, their func-
tions and objectives are explained more fully later
in this report.

As the name suggests, an analog computer em-
ploys some set of physical elements which is "anal-
ogous ' in its behavior to another physical system.
In the first analog computers, known as mechani-
cal differential analyzers, the positions of rotating
shafts represented the variables of the system
under consideration mathematical operations of
addition, multiplication, and so on were performed
by such devices as gears and mechanical differen-
tials, and the results were read on dials attached
to the rotating shafts. In more modern analog
computers, electric circuit elements and amplifiers
are used ; the results are read from indicating me-
ters or recorders. With either type of analog com-
puter, elementary building blocks are combined to
form a model satisfying the same mathematical
relationships, in a form more convenient for
manipulation and measurements, as the original
system to be studied.

In a digital computer, on the other hand, the
basic mathematical operations of addition subtrac-
tion, multiplication, and division are perfOrmed by
counting rather than measurement. Operations
are carried out on a discrete set of marks or num-
bers. Some digital computers have been con-
structed to employ the customary decimal system in
which the marks or numbers are 0, 1, 2, 3, 4, 5, 6, 7,
8, and 9. However, most digital computers now
use a binary system in which the only marks or
numbers are 0 and 1. Whereas the decimal system
is based on powers of 10 (1, 10, 100, 1000, . . .) ,
the binary system is based on powers of 2 (1, 2,
4, 8, 16, 32, . . .). The binary system has the
great advantage that operations can be mecha-
nized with devices having only two states : Switches
which are open or closed, circuits which are con-
ducting or not conducting electric currents, mag-
netic elements which are magnetized or not, and
paper tapes or cards whicn are punched or not at
particular locations.
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Besides performing arithmetic operations, a
digital computer is provided with a memory for
storing data, as well as means for taking numbers
from memory and returning them to memory, for
receiving data from external sources and making
its results available in return, and for .governing
its future actions by examining the result of a cal-
culation to see whether it is positive or negative.
Solution of a problem with a sligital computer in-
volves the same steps needed with a common desk
calculator : Reading data from some basic source,
putting the numbers into the machine2 initiating
an arithmetic operation, either recording the re-
sult or putting in additional numbers and execut-
ing further arithmetic operations, and possibly
repeating the whole sequence with new data. By
following a set of instructions or a program pre-
pared hy a programer and stored in its memory,
a digital computer carries out a similar sequence
of operations, automatically and very rapidly.

An analog computer is assembled from basic
building blocks to fit the problem being solved; its
cost is, therefore, somewhat proportional to the
complexity of the problem. With a digital com-
puter, on the other hand, a minimum complement
of equipment is needed regardless of the problem
complexity, with only modest additional amounts
of equipment necessary for more elaborate tasks ;

its cost is, therefore, somewhat independent of the
problem. (Major increases in computational re-
quirements will force the use of considerably big-
ger, faster, and more expensive digital computers,
however.) Also, the accuracy of solutions obtained
from analog computers tends to decrease as more
building blocks are connected together.

For economic and accuracy reasons, analog com-
puters are employed for relatively small problems.
A. substantial number of analog computers have
been installed for process control. Because of the
relatively modest scope and cost of individual in-
stallations, however, they consume little engineer-
ing effort, receive little publicity in the trade or
public press, and have little or no effect on employ-
ment.

Digital computers have advantages in calculat-
ing capacity and other characteristics, such as ac-
curacy and flexibility, which recommend them for
more elaborate process control applications. The
increased scope and the cost of these projects (for
equipment and associated services) cause them to
receive greater attention from management and
engineering personnel of the user organizations;
the potential effects on employment are correspond-
ingly greater ; and the number installed is com-
paratively small (but growing). When anybody
calls attention to the possible social implications
of "computers" or "electronic brains," the refer-
ence is nearly always to digital computers. For
these various reasons, this report concentrates on

the process control applications of digital
computers.

Different industries use different terms to iden-
tify the men responsible for the direct, minute-by-
minute operation of their processes. For example,
the paper industry speaks of "machine tenders";
the steel industry of "melters" and "rollers" ; the
power industry of "board men" and "outside men";
the chemical and petroleum industry of "board
men" and "still men" ; and so on. In this report,
they will all be referred to simply as "operators."

In general, operators do not have college educa-
tions, and many are not high school graduates ;
they are normally paid on an hourly basis. Their
duties are distinct from those of the technical and
general managers of the plant or parent organiza-
tion, who set goals and give instructions to the
operators as well as performing other functions.
The operators in a process plant, who are also
distinct from maintenance men and so-called com-
mon laborers, work at about the same level of deci-
sion-making as the process control computer.
From an employment standpoint, then, it is the
operators who may be most affected by installation
of process control computers.

Individual operators work about 40 hours per
week. Process plants, however, usually run around
the clock, 7 days per week. Since there are
(24) (7) =168 hours m a week, it takes 168/40=4.2
or somewhat over four operators to man each shift
position, the exact number depending on the pat-
tern of shift rotation and the amount of overtime
worked. Thus elimination of one shift position,
where this step is possible (for any reason), means
displacement of roughly four employees who must
be moved to another job, retired, or discharged.

B. Evolution of Control Techniques

For centuries, manufacture of metals, dyes, wine,
cosmetics, and such basic materials as salt, lime,
alum, and asphalt has been conducted in batch
processes. These early batch processes follow
much the same pattern that a housewife follows in
making a loaf of bread. The steps include weigh-
ing ingredients ; subjecting them to some physical
operation, such as grinding, crushing, or mixing;
heating them in a pot or an oven ; and perhaps of-
fering a prayer or muttering some magic phrases
to make everything come out right. The process
steps were developed by experiment, and control
procedures consisted of careful adherence to rec-
ipe. Constant attention was required to make
these batch processes run smoothly and to avoid
waste.

Some productssuch as pigments, dyes, and
drugs which are made only in relatively small
quantitiesare still manufactured using batch
processes. Even some major productssuch as
steel, woodpulp, and tetraethyl leadare made
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largely by batch methods. However, most prod-
ucts of th.e process industries are now made in
continuous processes.

In a continuous process, materials are carried
from step to step by pipes or conveyors. Related
conceptually to the modern assembly line, the con-
tinuous process offers obvious benefits in produc-
tivity and it has had important consequences for
process control.

In principle, at least, the advent of continuous
processes simplified the operator's task. Tem-
peratures, flows, pressures, and other variables
were to be maintained at more or less constant
values. An operator could read a gauge, mentally
determine if the gauge reading was too high or
too low, turn a valve in the proper direction to
correct any departure from the prescribed read-
ing, and turn his back on the process for a short
time. Only intermittent attention was needed to
readjust process conditions after upsets caused by
changes in raw material characteristics, equipment
breakdowns, or other unpredictable events.

The automatic controller was invented partly to
relieve the operators of the need to stay close to
their gauges and partly to provide better process
control.

This device embodied means for measuring the
condition to be controlled, comparing the meas-
ured value with a desired value, and automatically
taking action to bring the two values into agree-
ment. An early example was the steam engine
governor. Controllers were soon used to regulate
a wide variety of process conditions : Flow, pres-
sure, temperature, level, and speed, to name just
a few.

A typical automatic control system is shown in
figure 1. In this system, a process fluid is heated
by passing through a pipe (or pipes) around
which steam is made to flow. At the outlet of the
heat exchanger, a measuring device senses the
actual temperature of the process fluid. In the
controller, a signal corresponding to the measured
temperature is compared with a desired value
which has been inserted by an operator. If the
measured value is less than the desired value, a
signal goes to the valve causing it to open wider,
increasing the flow of steam to the heat exchanger,
and raising the temperature of the process fluid.
If the measured temperature is greater than the
desired value, the controller acts to close the valve,
reducing the steam flow, and lowering the tempera-
ture of the process fluid. The system shown in
figure 1 performs the same function as a house-
hold thermostat.

The introduction of automatic controllers, start-
ing about .40 years ago, permitted substantial re-
ductions m operating manpower. It has also
caused a major change in the duties of a process
operator. Now he does not have to reposition
valves continually to counteract disturbances to

1-261

the process. He is still expected to look out for
actual and imminent failures of process equipment
and instruments, keep a "log" or record of opera-
tions, and generally watch over the performance of
the process. Together with process engineers, he
has to decide what temperatures, pressures, flows,
levels, and so on should be maintained at yarious
points in the process. From an actual participant
m the production process, the operator has become
a supervisor.

By substituting different types of measuring de-
vices, the technique illustrated in figure 1 can be
used to regulate a wide variety of process variables.
In recent years, great effort has been exerted to
develop analysis instruments which measure ma-
terial qualities, such as chemical composition, water
or moisture content, thickness, hardness, opacity,
color, viscosity, density, and octane number. In-
stead of measuring th.e environment in which a
product is made, these instruments sense character-
istics of direct significance to the consumer. At
the same time, they allow control to closer toler-
ances on these characteristics and thus production
of higher quality products.

Use of analysis instruments for process control
may have some effect on employment. In some
situations these instruments provide information
automatically which otherwise would be obtained
by laboratory tests conducted by technicians or,
sometimes, by the process operators themselves.
While introduction of these instruments could per-
mit a reduction in personnel, usually it means only
sensing process conilitions more often, with greater
accuracy, and with less delay.

As a supplement to conventional measuring and
control devices, the automatic data logger was pro-
posed about 10 or 15 years ago. Data loggers were
connected to process mstruments and operated elec-
tric typewriters to produce a permanent record of
process conditions. The equipment could perform
some rudimentary calculations, such as multiply-
ing incoming signals by a constant to give out-
puts in proper units, e.g., degrees Fahrenheit or
gallons per minute. It could also provide daily
totals for raw material consumption or production.

Data loggers cost perhaps $50,000 to $100,000 or
more, depending on the number of variables in-
volved. Justifications for such expenditures were
supposed to be found in better data for both ac-
counting and engineering use; elimination of some
standard recorders; and reduction in clerical labor
needed to get routine accounting data from process
records. In general, benefits proved less than ade-
quate to justify the investments, and data loggers
never became popular. Their functions are now
performed in a growing number of plants by
digital computers.

Like the nuclear reactor, the transistor, and the
jet airplane, the digital computer is a recent in-
vention. While some of the basic concepts are
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quite old, practical means for their realization ap-
peared only during and after World War la.
Developed originally for engineering and scientific
calculations, and shortly thereafter adapted to ac-
counting and business functions, digital computers
are now being applied in manufacturing plants.
Superimpwed on conventional equipment anol pro-
cedures, control computers further modify the job
of the process operator.

Internally, a digital process control computer
is much like the computers used for scientific and
business calculations. In addition, it is equipped
with means for connecting it to process instru-
ments and control devices. As a result, it can (1)
accept input signals corresponding to process con-
ditions; (2) perfonn arithmetic computations
(addition, subtraction, multiplication, division,
etc.) ; (3) make comparisons ("is A larger than
B I") and decisions; and (4) develop output sig-
nals for control and communication purposes.

A process control computer usually has a
variety of assignments. Its most important job is
to determine and enforce the best conditions for
process operation. In some chemical processes,

HEATED

TEMPERATURE
MEASURING DEVICE

for examplel it is known that the best temperature
at any particular time depends on the flow rate
and composition of a feed material, the condition
of a catalyst, the maximum tolerable amount of
impurity m the product, and other factors. By
means of equations built into the computer by the
system designers, the best temperature can be com-
puted and transmitted to a temperature controller,
which then has the job of regulating the process
at the desired temperature.

Because it continuously receives information
from process instruments, the computer can gen-
erate a printed log. This record can include not
only raw instrument readings, but also computed
yields and efficiencies for process engineers or av-
erage and total flows for the accounting depart-
ment. Thus, the control computer serves part of
the time as a data logger.

A control computer can be programed to carry
out the complex sequence of operations needed to
start up or shut down a large plant. The sequence
used may be planned in advance or it may depend
on measurements received from the process. In



PROCESS INDUSTRIES

addition, the computer can check instrument read-
ings for indications of trouble in the process by
comparing the incoming signals against high and
low limits.

The sort of process computer application just de-
scribed is known as supervisory control; the com-
puter assumes some of the supervisory functions of
the operator. In case of a computer failure or
other emergency, the operator can resume his orig-
inal role.

With a sufficiently reliable digital computer, the
controllers can be eliminated and the computer con-
nected directly to the valves at the various loca-
tions in the process. As in other computer con-
trol systems, the computer receives measurements
of process temperatures, flows, pressures, and other
variables. Now, however, the computer checks
each variable in turn, compares the present value
with the desired value, and sends out signals to
open or close the appropriate valve. Tlus mode
of control has been called direct digital control
(DDC), because a digital device is connected di-
rectly to the valves controlling process conditions.
A. relatively recent development, direct digital con-
trol will affect process control technology but
should not have any effect on operator employ-
ment since it only substitutes one form of control
equipment for another.

Most of the currently installed process control
computers are concerned with a single unit, that
is, with just a part of a complete manufacturing
plant. Examples would be a rolling mill or a
blast furnace in a steel mill, a fluid catalytic crack-
ing unit in a petroleum refinery: a pair of kilns in
a cement plant, a pulp digester in a paper mill, or
a polymerization line in a synthetic rubber plailt.
In the future, more emphasis will be given to com-
puter applications for plant-wide control. These
future mstallations, employing several intercon-
nected small computers or a single large computer,
will concern themselves with the relationships be-
tween units and will perform control functions
within individual units. This concept has been
dubbed multiunit controlt and the first systems
of this kind are now being installed.

C. Objectives of Process Control

Process owners and operators have a number
of objectives. Since a process is generally run to
return a profit to its owners, an operator's first ob-
jective may be to maximize earnings from equip-
ment under his supervision. However, he must
also consider a number of secondary, but never-
theless important, related objectives :

(1) Meet production schedules and have products
ready for shipment at the desired time;

(2) Keep product qualities within specifications ;
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k3) Minimize waste of fuel, water, electricity, steam,
catalysts, solvents, and so on ;

(4) Avoid conditions leading to equipment break-
downs, lost operating time, and unexpected or
unnecessary maintenance costs;

(5) Protect personnel from injury and equipment
from destruction due to explosions or other
catastrophes.

These objectives may be difficult to satisfy simul-
taneously. An operator may detect that one
product quality is outside its specification and cor-
rect the situation, only to find that his correction
has caused another product quality to become un-
acceptable; a number of corrections may be neces-
sary to bring all of the product characteristics
within the prescribed limits.

In some cases, these objectives may even be con-
tradictory. Efforts to boost_production rates, for
example, may entail overloads of pumps and com-
pressors (with increased maintenance costs), less
efficient removal of impurities (with a degradation
of product quality), or operations with more haz-
ardous combinations of materials (with an in-
creased risk of explosion). Improvements in qual-
ity may mean higher costs for removing contami-
nants or greater amounts of raw material. At
very high production rates, yields may decline
so that excessive amounts of raw materials are re-
quired; operation at the high rates may then be
uneconomic, even though necessary to meet a cus-
tomer commitment.

By combining financial and technical considera-
tions, process supervisors could determine a eom-
bination of process conditions providing the best
compromise between the numerous objectives. The
real need, unfortunately, is not a page describing
a single set of process conditions but a whole book
or library of books containing pages applicable to
the many situations encountered in any process
plant. This need arises from changes affecting
the process :

(1) Customers increase or decrease their orders, or
ask for better or different products;

(2) Prices for raw materials and products change
from time to time;

(3) Chemical and physical characteristics of raw
materials vary ;

(4) The quantity of raw material available for proc-
essing increases or decreases;

(5) Performance characteristics of process equip-
ment change as catalysts lose their activity, heat
exchanger surfaces become fouled, bearings wear,
and so on ;

(6) New equipment is added to expand or improve
the process ;
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(7) Equipment breaks down unexpectedly and
through no fault of the operators;

(8) Weather conditions (such as air temperature,
humidity, and wind velocity) vary continuously
and may have signiIIcant effects on process per-
formance.

Without changes or disturbances of these kinds,
no process control devices or procedures would be
needed. In continuous processes, valves could be
locked in place at positions leading to manufacture
of the required products in the desired quantities.
In batch processes, cam-actuated valies (which
pay no attention to the progress of the operation)
could be used to enforce preplanned variations of

process conditions. Because changes do occur, this
lach is impractical.

Control equipmentmeasuring devices, conven-
tional automatic controllers, and control comput-
ersis a means for realizing process objectives in
the face of these unavoidable disturbances. At the
present time, it is not viewed as a method for mak-
mg significant changes in operating manpower.
When a new plant is designed, control equipment
is installed as a matter of course. Arguments arise
about the need for particular instruments or con-
trol functions, but these arguments are settled on
technical or cost grounds, not on employment con-
siderations.



2. Digital Computers in Process Control

Expanding upon the descriptive material pre-
sented in section 1, of this section offers a more de-
tailed discussion of the computer equipment used
for process control, its functions, installation pro-
cedures, justification, and present importance.

A. Equipment

Computers for process control can do all of the
operations carried out by similar machines used
for business or scientific data processing. These
operations include addition, subtraction, multipli-
cation, division, storing a number in memory,read-
ing a number from memory, interpreting and stor-
ing data from a punched card or tape, actuating a
typewriter, and so on. In addition, they have a
number of special features :

(1) Means for direct connection to sensing devices
such as thermometers, composition analyzers, and
fiowmeters;

(2) Means for connection to control devices for ad-
justing process conditions ;

(3) Means for interrupting one function in order to
carry out a more important program, returning
to the previous program when the higher priority
program is completed ;

(4) Equipment and programing techniques to insure
a highly reliable system and a safe response to
any malfunction that should occur.

In contrast with the conventional controller, a
digital computer used as a process controller is
able to compaze two numbers ("is flow rate A
greater than flow rate B ?" or "is Pump 5 loaded
beyond its capacity is") to make decisions ("since
the pump is overloaded, it is necessary to open
Valve 107") ; to take simultaneous control actions
at many points in the process with due considera-
tion of their effects on each other ; and to produce
detailed records of the incoming data, results of
intermediate calculations, and its control actions.

A schematic diagram of a process control com-
puter system is shown in figure 2. Process sens-
ing devices are connected to the computer through
converters which change the original signals into
a form acceptable to the computer.

Most process instruments provide continuous
signals in the form of an electrical voltage or an
air pressure which is proportional to the quantity,
such as temperature or flow, being measured.
These signals must first be changed to a common
electrical form: using suitable amplifiers or pneu-
matic-to-electric converters. They are then sent,

one after another, to another device which chlinges
them to digital form and routes them to assigned
places in the computer memory.

Some instruments supply signals already in digi-
tal form. These signals, with others from the op-
erator's input devices, can go directly to their
places in the computer memory. The computer
program itself is inserted in this manner.

After executing its various programs, the com-
puter has generated information in digital form
for control, display, recording, and alarm pur-
poses. Some of this information can be sent (al-
most directly but with provisions for meeting the
speed limitations of auxiliary equipment) to type-
writers, alarm annunciators, digital displays, tape
punches, etc.

When computer outputs are used for control
purposes, they must generally be converted from
a digital form into a continuous electrical signal.
Often conversion of this type of signal into a cor-
responding air pressure is also required to operate
pneumatic equipment.

A control computer communicates with process
operators in two ways: To receive data, instruc-
tions, and programs for guiding its actions, and to
send out information that may be useful to the
operators. Three main methods are used for
letting the operators communicate with a control
computer :

(1) Mechanical or optical devices for reading perfor-
ations in paper tape or cards (used to get the
original program and later changes or corrections
into the computer memory) ;

(2) Push buttons and switches whose position can
be detected by the computer (used to specify
some special action by the computer) :

(3) Dials and keyboards for putting numerical data
into the computer (used, for example, to insert
results of laboratory tests which serve as a sub-
stitute for directly connected instrument
readings).

Many techniques are used to allow the computer
to inform process operators of its actions and to
record data for future use :

(1) Automatic typewriters (used for special mes-
sages and also for routine summaries of' iirocess
data, either periodically or on demand) ;

(2) Lights, buzzers, bells, and other on-off devices
(used as alarm indicators to announce emergency
conditions) ;

(3) Arrays of indicators for display of decimal quan-
tities and other symbols (used to show current
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FIGURE 2. Settematie Diagram of Computer Control System
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(4) Electrical meters which show, by the position of
a pointer along a scale, the present value of a
variable (used to give a continuous indication of
the value) ;
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(5) Recorders, generally employing one or more pens
writing on a strip or circular piece of paper (used
to give a permanent and continuous record of
process variables for visual inspection) ;

(6) Devices to prepare punched cards, punched paper
tape, or magnetic tape (used to feed data into
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the same or another computer for later
processing).

These devices mav be located on or near a cen-
tral operator's deik, or they may be placed
throughout a plant at convenient places remote
from the computer itself.

In normal operation, the operator receives data
on performance of the process-computer system
via the various recording and indicating devices
and can modify system operation by inserting new
constants or complete programs via a tape reader,
switches, or other input devices. As indicated by
the dashed lines, the operator can also monitor the
sensing devices directly and, in emergencies, can
assume control, running the process in the same
way as before installation of the computer.

B. Functions

The conventional, one-variable controller exe-
cutes what is lmown as "feed-back control." That
is, a direct measurement of a product quality or
process condition is made and used to initiate con-
trol action at an earlier point in the process to
correct any deviation of the measured variable
from its desired value. Information flows gener-
ally in a direction opposite to material flow m the
process. Very little knowledge of the process is
required to implement this type of control, gener-
ally only a knowledge that an increase (or de-
crease) in a manipulated variable will eventually
restore the measured variable to its desired value.

In computer control systems, on the other hand,
control is exercised to a large extent in a "feed-
forward" manner in which disturbances are sensed
and corrective actions are taken before the process
has had a chance to be upset. These systems rely
heavily on measurements of raw material charac-
teristics and ambient conditions, rather than
measurements of product characteristics as in
"feed-back" systems. To exercise control in this
manner, the computer control systems in the proc-
ess industries must employ a set of process equa-
tions or a mathematical model to predict the effect
of accidental or deliberate changes in process
conditions.

The control calculations performed by a process
computer often fit into one of three categories,
identified by the following labels and explanatory
remarks :

(1) StatusWhere is the process operating now?
(This class of calculations is especially signifi-
cant when values of certain variables, which can
be computed but not measured directly, are nec-
essary as a starting point for other control
calculations.)

(2) OptimizationWhere is the best operating point?
Or, alternately, where is a better operating point?
(If repeated enough times, a method for finding

_
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a better operating point will eventually find the
best operating point ; if done rapidly enough, such
methods can be as effective as one which finds
the best operating point in a single gtep.)

(3) RegulationGiven the results of the optimiza-
tion calculations or merely an arbitrary but
acceptable operating point, how should the com-
puter maintain the desired process conditions?
If the process is not at its desired operating
point because of a disturbance which is not meas-
ured and does not appear in the process equa-
tions, how should the manipulated variables be
changed to return the process to the desired oper-
ating point? (For a process with numerous
objectives, time lags, and interactions between
the variables, the regulating function alone may
constitute adequate justification for using a con-
trol computer.)

Control calculations are the most publicized
element of the process computer's program.
However, a process computer has a number of
other essential functions which are described
briefly in the following paragraphs, roughly in
the order of occurrence liuring normal system
operation.

In preparation for calculations, incoming data
are generally subjected to individual limit checks
to d.etect instrument failures or out-of-normal
process conditions converted from their original
form into meaningful engineering units, averaged
or smoothed to minimize the effects of random
variations, and perhaps tested for reasonableness
by comparisons between variables. Where a given
variable can be calculated in several ways from
different sets of data, the results may be used to
obtain more accurate data or to detect instrument
failure. Such calculations can also substitute for
a desirable but presently nonexistent instrument.

Since the characteristics of any pror3SS change
with time, control computers are usually pro-
gramed to keep the process equations up to date
by periodically revising some of the numbers in
the equations on the basis of data from the actual
operation. To a limited extent, these revisions
are made automatically. More extensive modifi-
cation of the process equations, based on data
accumulated over a long period of operation, is
usually left to an engineer.

Beyond its control calculations, the process
computer can develop information for use by oper-
ators, technical personnel, or management. Ex-
amples are yielcls, efficiencies, and production
costsquantities not directly measurable but eas-
ily computed from the available data. Under
some conditions, the process computer can perform
other engineering or business calculations, using
either parts of its control program or completely
unrelated programs.

Sequence control has played a small part in most
of the process computer installations to date. In
the electric power industry, on the other hand, the
start-up and shutdown of generating units is the
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primary control function. The computer carries
the generating unit through a complex sequence
of events necessary to light burners, actuate tur-
bine-generator auxiliaries such as pumps and
valves, accelerate the turbine, and connect the gen-
erator to the power system. Steps in the sequence
may occur at fixed time intervals, upon reaching
a specified combination of process conditions, or on
a mixture of both. (Optimization of operating
conditions plays only a minor part in computer sys-
tems employed in steam plants and nuclear reactor
generating stations ; several computers being in-
stalled for economic dispatching of complete power
systems, however, have a significant optimization
function.) Its facility at logical operations is
important in other applications, nevertheless, since
it permits the computer to react automatically to
changes in objectives or process configuration (due,
say, to a compressor breakdown) and to index a
common program to serve similar process units.

Overall process-computer system reliability can
be enhanced and downtime can be reduced by per-
forming diagnostic programs at regular intervals.
These programs can test that a fixed dummy input
has the correct value, that an arithmetic program
can be solved with the expected result, or that a
dummy output can be converted correctly to analog
form and read as a computer input. By checks on
individual input signals or combinations thereof,
the computer can also detect actual or impending
process breakdowns ; for example, major differ-
ences in flows at two ends of a pipe might indicate
development of a leak.

Before operating any of the various output de-
vices, the computer must carry out a number of
data preparation steps : Conversion from the bi-
nary form used internally to suitable codes for
operation of alphanumeric devices, such as type-
writers and tape punches, collection of separate
sets of data for transmission to each of the output
devices, and arrangement of these data into proper
formats.

As already suggested, the output communication
devices can have many forms and perform many
functions. Specifically, these functions can be :

(1) Alarm annunciation ;

(2) Display of present values (one or several selected
variables) ;

(8) Display of trends (one or several selected
variables) ;

(4) Periodic data log ;

(5) On-demand data log ;

(6) Recapitulation of recent history (triggered by
the operator or process event) ;

(7) Summary data log (for a unit or run of a particu-
lar product, a shift, or a day, etc.) ;

(8) Operator guidance.

Several techniques can be used for modifying
process conditions :

(1) Adjustment of a controller "set point" to change
the desired value of the flow, temperature, or
other variable being maintained by the controller ;

(2) Direct adjustment of a valve position, the result
being sensed by some measuring device and trans-
mitted to the computer which supplants the con-
ventional controller (known generally as "direct
digital control" or DDC) ;

(8) On-off or digital signals to actuate solenoid
valves, to start or stop compressors, pumps, or
conveyors, etc.

C. Installation Procedure

Sucessful installation of a complex industrial
control system involving a digital computer re-
quires a variety of talents. In situations where
the user could not supply all the necessary skills
and could buy only equipment from an outside
supplier, joint user-vendor teams have been
formed for system design and installation.

In joint projects, the user has usually assigned :

(1) An operating man familiar with the practical
aspects of day-to-day operation of the process to
be controlled ;

(2) A process engineer or research man familiar with
fundamental theory pertaining to the process ;

(8) An instrument specialist able to supervise in-
stallation of measuring devices and their connec-
tion to the system ;

(4) One or more people capable of computer program-
ing ;

(5) Accounting, quality control, operations research,
or other specialists as required (on a part-time
basis).

The equipment vendor has made available as
members of the project team :

(1) A systems engineer skilled in planning computer
control systems so they accomplish their intended
functions ;

(2) A hardware specialist who will be concerned with
connection of the computer to measuring, control-
ling, and display devices ;

(8) One or more programers experienced in writing
programs for on-line computer systems.

The usual project team has, somewhere in its
membership, a background in physics and chemis-
try, in all branches of engineering (chemical,
mechanical, electrical, etc.) pertinent to the plant
being controlled, in mathematics and statistics, in
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instrumentation and control, and in principles of
computer application.

Users who have already installed one or more
computer control systems probably now have a
staff that can perform all of these functions.
Many such organizations now issue specifications
and buy control equipment in the same manner as
other process equipment.

The design procedure starts with all members
of the project team becoming familiar with the
process equipment layout, material flows, and op-
erating procedures.

An early step in system des4gn, subject to later
revision, is definition of the boundaries of the sys-
tem and the functions to be performed. System
boundaries may coincide with geographic limits
of the process, include only a part of the process
equipment, or extend to sources of raw materials
or points of product utilization. Boundaries must
be fixed with care so that actions beneficial to the
area under control do not have detrimental effects
elsewhere.

Process variables need to be listed and classified,
and operating objectives must be specified prop-
erly. As mentioned earlier, system functions may
include data processing in preparation for later
use; calculations of yields, efficiencies, and other
measures of process performance; calculations for
control purposes; logical operations ; diagnostic
programs for checking the process or the control
system ; and generating output signals to control
and display equipment. Planning for these func-
tions occupies the entire project team ; their pro-
graming can be spread over the duration of the
project, with some of it beginning close to the
starting date.

Development of the process equations and con-
trol relationships is a major step in system design.
The original equations for a computer control sys-
tem can be developed in two prmcipal ways. In
one approach, the equations are based on a com-
bination of fundamental physical and chemical
principles with specialized relationships, gleaned
from research reports or published literature, ap-
propriate to the particular process. In the other
approach, operatmg data are analyzed by statisti-
cal techniques with little reference to other knowl-
edge of the process. As part of this effort, the
availability of histruments to measure process
variables is checked ; if necessary, the control
scheme is revised to circumvent instrument prob-
lems. System design thus includes selection of
variables to be measured and process conditions to
be controlled, and development of the mathemati-
cal or logical procedures by which the control
actions are related to the measurements. When
this work has been done, detailed instructions for
the computer can be written by the programers.

While this analytical work and programing is
going on, other preparations are made for instal-
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lation of the system. A site is picked for the con-
trol equipment, new instruments (if needed) are
installed, display and communication devices are
mounted, and signal lines connecting all of the
equipment are put in place. When the computer
is delivered, it is connected to its input devices and
its ability to receive data is checked. The control
program is tested using the actual process meas-
urements, the suggested control actions being dis-
layed for approval by operating personnel.

en everybody is satisfied that the system works
properly, it can be placed in full automatic control
of the process.

Although specialized abilities of a high order
are needed for system design, routine operation of
an advanced electronic control system is possible
with operating personnel having the same general
level of skill as were employed previously. It is
not necessary that they have engineering degrees
or understand the internal operations of the com-
puter or other electronic devices. These people re-
ceive special instruction in the procedures needed
to start, run, and shut down the new system.

When the computer control system is operating,
a service or mamtenance specialist is necessary.
The supplier can furnish a man on a contractual
basis, or the user can have one of his own men
trained to carry out this function.

D. Justification

To many users, a control computer is viewed as
a means for putting management in real charge of
the operating process. If a particular operating
policy is desire4i, it can be built into the computer
program and executed around the clock, even when
the responsible management people are out of the
plant. In the same fashion, research workers can
insure that process conditions are held constant or
are deliberately varied over a range of acceptable
values to give them new data for testing theories
or improving the mathematical model of the
process. A computer control system represents
an advance over previous techniques because it
allows the continuous application of the most ad-
vanced knowledge of process behavior rather than
the simplified procedures and control schemes that
would otherwise have to be employed.

Investments in these advanced control systems
are being justified by several kinds of benefits :

(1) Increased production ;

(2) Improved control of product quality ;

(3) Better use of raw materials, catalysts, solvents,
electricity, fuel, and so on ;

(4) Reduced maintenance;

(5) Greater safety for personnel ;
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(6) Reduced manpower ;

(7) Better technical and accounting data ;

(8) Increased process knowledge.

Althoug:h reduced labor costs are a potential
source of benefits, manpower reductions have
played a negligible part in justifying advanced
control systems for plants which already use auto-
matic control devices in great numbers ; manage-
ments of process plants have not looked upon labor
savings as the primary reason for installing a con-
trol computer.

Managements have not abandoned their custo-
mary interest in dollars-and-cents issues in favor
of an altruistic advancement of technology or un-
questioning adoption of the latest techniques. In
an unpublished article on automation, a writer
stated :

There's a crucial distinction between what is scien-
tifically or technically possible and what is economi-
cally feasible. We have the scientific and technical
capacity to do almost anything. But which of this
almost infinite array of possibilities will in fact be
done, and when, depends on the complex and always-
changing relationship between the costs of doing them
and the benefits that are likely to accrue.

This paragraph describes very well the attitude
of potential users of advanced control techniques.

The conventional analog controller is now in-
stalled without much regard for its cost, and the
simpler analysis instruments are installed with
only a little more thought. However, as with any
other major process improvement, a computer con-
trol system is expected to pay for itself in a reason-
able time interval. At various stages in the design
of a computer control system, its costs are there-
fore compared with the expected benefits in order
to judge the attractiveness of the investment.

The direct cost of a computer control system is
composed of several elements :

(1) Computer and associated peripheral devices
(including logging and alarm typewriters, tape
and/or card readers and punchers, input selector,
analog-to-digital converter, and so on) ;

(2) New instruments and analyzers ;

(3) Transducers for connecting new and existing .

instruments and analyzers to the computer ;

(4) Equipment for connection of the computer to
actuators (such as analog controller set points
or valves) ;

(5) Wiring, instrument air tubing, conduits, and so
on ;

(6) Special consoles and devices for operator-com-
puter communications ;

(7) Site preparations (such as space to house the
new equipment and air conditioning) ;

(8) Engineering effort and other labor directly asso-
ciated with equipment planning, design, selee-
tion, testing, and installation ;

(9) Technical effort for developing process equations
and control schemes ;

(10) Programing ;
(

(11) Project administration (for coordinating sched-
ules, costs, and documentation) ;

(12) Training ;

(13) Maintenance.

At the present time, the cost of a computer con-
trol system can be expected to fall between $200,-
000 and $400,000, possibly more for an unusually
large system. The cost of the computer itself,
item (1) above, is $50,000 to $150,000 1; the re-
mainder of the system cost arises from the other
items in the list. In most cases, process manage-
ment demands annual benefits equal to orgreater
than the system cost before approving its
installation.

In the early stages of system design, before
mathematical models of the process are developed,
it is impossible to make any accurate predictions of
the benefits to be expected ; only rough guesses can
be made. One can, for example, examine oper-
ating records to determine the difference between
presently observed yields and theoretical maxi-
mum yields. If this difference is small, its com-
plete elimination *night not justify a computer
control system. If it is larger however, and
grounds can be found for thinking that a com-
puter control system would reduce the difference,
further effort on system design is at least war-
ranted. Similar considerations apply to operat-
ing costs which might be reduced by installation
of a control computer.

After the process equations and control scheme
are developed, more exact estimates of expected
benefits can be made. At this point, it is possible
to simulate process operation mathematically.
The procedure consists essentially of collecting
data for a representative period of past operation
without the computer control system and calculat-
ing what the yield, production rate, product qual-
ity, and important operating costs would have
been if the computer control system had been
working. If repeated enough times to reduce
the possible misleading effects of errors in the data
or an unrepresentative selection of data, this pro-

I Since the price range for general-purpose digital computers
is roughly, $20,000 to $5,000000 or more, the process control
computer is seen to be a relatively junior member of the family.
When applied to a process computer, the term "giant brain" is
wrong on two counts : It is not a giant and it is not a brain.
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cedure gives as good a prediction of expected
benefits as can be obtained. At this point, system
costs can be estimated with considerable accuracy,
and the economic justification for installation can
be judged with some confidence.

Improvements in product quality, another po-
tential source of benefits, may be difficult to trans-
late into dollar earnings. I.n some cases, if off-
specification product entails a direct cost for
scrapped material, reprocessing, or transportation
from a customer back to the producer, estimates
can be made by examination of past records. On
the other hand, if better quality is expected to lead
to getting a larger share of a limited market, the
resulting dollar earnings may be largely guess-
work. It should also be noted that inadequate con-
trol of a process, which often leads to wide varia-
tions in product quality, may result in the aver-
ag.e product quality being held at a high level so
that the lowest quality material produced will
meet specifications. Tighter process control in
such cases would mean a reduction in the quality
variations, permitting a lower average quality and
consequent savings in some operating costs.

The most accurate measure of system justifica-
tion is gained, in principle, following installation
when actual benefits and costs are available. How-
ever, in practice, actual values are not easily ob-
tained. Li several cases, simultaneous process
modifications have clouded the picture : New re-
actors were added, another compressor was in-
stalled, or a better catalyst became available. New
instruments may be developed and marketed
while the control s-ystem is being designed, and
their use will itself alter process performance.
Any changes of this type will improve process op-
erationt and isolation of improvements properly
traceable to the control system is rendered diffi-
cult or perhaps impossible.

In some cases, changes in raw material char-
acteristics or availability have radically altered
process performance. Changing market concli-
tions have sometimes required a shift in computer
objectives from maximizing production to mini-
mizing costs (or conversely), necessitating revi-
sion of the computer program and invalidating
any historical comparisons.

Even without these changes, difficulties are en-
countered. Because processes are already oper-
ated reasonably well, the benefits to be expected
are often not great ; for example, 2 to 5 percent
is a typical estimate for an improvement in yield.
Process measurements are frequently subject to
errors of the same magnitude. As a result,
a chance exists that a small number of measure-
ments will show a loss in process performance even
though an improvement was actually realized.
Collection of data over a long period of time may
be needed to separate real improvements from
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random variations. As would be expected, the
smaller the average improvement and the greater
the measurement errors, the larger the number of
data needed.

Although costs are reckoned more easily, great
precision can seldom be obtained. For example,
accountants do not always agree on the allocation
of engineering or equipment costs to the computer
project. Some process analysis and computer pro-
graming might be considered normal duties of a
process engmeer. Some instrument changes or
process modifications might have been made any-
way. What fraction of these costs should be
charged to the computer control system ?

Each company contemplating installation of its
first process computer must g_o through the justi-
fication procedure for itself because data on the
performance of installed computer control sys-
tems are hard to obtain. If a system is really
profitable, a user doesn't want to advertise the fact
to his competitors; if it's marginal, he is too em-
barrassed to say so; and if it's a real dud, he ships
it back to the vendor, usually without any fanfare.
Proprietary and psychological considerations thus
interfere with free exchange of information; ex-
cept for publicized instances of multiple installa-
tions by its competitors, a company gets little indi-
cation of the success of process computers within
its own industry. This problem is alleviated, of
course, when a company can look at the perform-
ance of its early installations in justifying later
ventures.

A number of companies have gained their first
experience with process computer control through
an installation for an existing or "old" plant.
While costs are higher for adapting plant instru-
ments to the computer, this approach has the ad-
vantage that operating data are available for sys-
tem design and justification. On a "new" plant,
electronic instrunents can be specified which allow
easy connection to a computer. However, plant
startup may be delayed by competition for man-
power between computer system and basic equip-
ment design, or by actual interference with con:-
struction work, and completion of the computer
system must be postponed until operating data
are available. The impact of the computer sys-
tem on operating manpower requirements is ob-
scured because no "before" and "after" compari-
sons are possible and other innovations will affect
crew size. While a sizable fraction of the plants
constructed in the future will incorporate a pro-
cess control computer, installations in older plants
will also continue as an element in modernization.

The incentives to use process computers on
new plants are not so overpowering that all new
plants will have them, and the difficulties in old
plants are not so great that none will have them.
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E. Present Status

Approximately 20,000 digital computers are in-
stalled around the world for all applicationsi about
90 percent of them in the United States. Of this
total, only 2 to 3 percent, or 400 to 600 digital com-
puters are installed or ordered for process control
applications, again a substantial portion being in
the United States.

Table 1 shows process computer installations in
the United States by industry and year, and table
2, process computers around the world. Both
tables are indicative of the extent of process com-
puter utilization at the end of 1964.

These tables are based on similar summaries
which have appeared in trade journals,2 news
items on individual systems, and a limited amount
of personal knowledge. The numbers reflect both
ord.ers and installations ; in general a system is
listed under the year in which its existence was
first announced or became known. In compiling
the figures, an effort was made to count only proc-
ess control applications, excluding computers used
for such miscellaneous purposes as toll collection,
production testing, TV switching, medical and
psychological data collection, newspaper typeset-
ting, and so on ; partial and probably inaccurate
figures for these miscellaneous applications are,
nevertheless, shown in the first table. If the totals
in both tables are smaller than figures published
in the trade journals, two primary explanations
can be offered : Installations claimed by manufac-
turers but not identified have been excluded, and
totals claimed by American maufacturers have

2 See, especially, Control Engineering, May 1962, pp. 79, 81 ;
September 1963, pp. 73-83 ; March 1965, pp. 57-62 ; and August
1965, pp. 54-59.

been sifted to remove oversea installations which
are occasionally counted to improve their relative
position in the standings.

TABLE 1. PROCESS CONTROL COMPUTERS IN THE UNITED
STATES

Industry Year Total

Power
Steel
Chemical
Petroleum
Pulp and paper
Cement
Pipelines
Nonferrous metals
Glass
Foods
Textiles

Total, all process con-
trol installations

Miscellaneous appli-
cations

1958 1959 1960 1961 1962 1963 1964

101
61
58
27
16
14
12
5
8
3
3

1 1

2
2

1
1

9
4
7

1

9
12
7
6
1
1
1

18
8

11
7
8

8

33
8
7
8
7
4
2
1

1

30
29
24
9
5
8
5
4
2
2
3

1

1

7

3

21

3

37

14

50

3

66

9

121

22

803

55

358

TABLE 2. PROCESS CONTROL COMPUTER INSTALLATIONS
AROUND THE WORLD THROUGH 1964

United States 803
United Kingdom 46
Japan 88
France 82
Italy 14
Germany 10
Canada 6
USSR 6
Holland 8
Belgium 2
Sweden 2
Austria 1
Australia 1
Spain 1
South Africa 1

466



3. User Experience With Respect to Manpower Effects

Limited time and resources precluded making
an exhaustive survey of the manpower effects of
process control computers. However, inquiries
were sent to a number of major users, and useful
replies have been received from many of them.
In all, the organizations responding account for
about 30 percent of the digital computers installed
or orderecl for process control applications in the
United States. The experiences of these users
should provide a reliable guide to the overall man-
power effect of all installations to date and a basis
for predictions about the future.

A. Procedure

To obtain firsthand information on the employ-
ment implications of process control computers,
letters were sent to a number of chemical, petrol-
eum, steel, and power companies known to be
major computer users. The letters contained the
following requests :

For each of the control computer installations made
by your company, I would like to know the size of
the operating crew "before" and "after." The num-
ber can be expressed as men per shift or as a total,
it being understood that 4 (or 4.2) men are needed
to fill one position on a round-the-clock, 7-day-a-week
basis. Where a change has occurred, some explana-
tion would be helpful. For example, did the logging
functions eliminate clerical work? Did a new ana-
lytical instrument, installed concurrently with the
control computer, eliminate a man doing chemical
analyses? Or did the total staff grow because engi-
neers, programers, or maintenance men were added?
Has the level of skill or training been changed?

In addition to this past or current history, your
candid opinion about future directions is also solicited.
Will manpower savings play a bigger role in the next
installations? Why? What technical or economic
factors will be responsible?

I hope you can supply this information without
spending a lot of time getting high-level manage-
ment or public relations approvals in your own com-
pany. (If the point under discussion has already
been covered in your publications, reprints or copies
would be handy.) In using the material, I definitely
will not identify the source without permission but
will refer only to "a control computer user" or will
employ some equally anonymous designation.

I would like very much to discuss this topic with
you personally but fear it is impossible in the time
available, so that a letter will be necessary. If an
off-the-record telephone call would be preferable from
your viewpoint, please feel free to call me.

The last two paragraphs were included because
it was expected that many companies would view
employment effects as a sensitive issue. These ex-
pectations were confirmed by one man with a major
petroleum company who wrote :

Unfortunately, present company policy does not
permit me to furnish any of the information you need.
Recent high-level instructions are quite explicit about
information of this typewhich also preclude an off-
the-record telephone call as you suggested.

About one-third of the men to whom the letter
was addressed replied by telephone, and one man
sent his reply on plain paper rather than his com-
pany letterhead. Nearly all of the people respond-
ing have asked that their organizations not be
identified.

B. Replies

In response to a total of 22 letters, 20 replies
have been received, leaving 2 companies which have
not answered. One company acknowledged the
inquiry but replied as follows :

We have given considerable thought to your request
to supply figures on the effect of coniputer control.
As you know from your experience, this becomes a
rather complex question involving the manpower con-
tributions of various groups . . . . We have so many
urgent projects . . . that we do not see our way clear
to undertake such a survey for you.

In summary, the numbers of inquiries and replies
have been as follows :

Industry Sent
Received

Letter Telephone

Chemical 7 4 a
Petroleum 7 6 1
Steel 4 2
Power 4 2 1

Following are pertinent portions of the replies.

Chemical

(1) From a chemical company with two process
control computers :

In one plant, we combined installation of a process
computer with a complete rebuilding of our instru-
mentation. At the same time, we consolidated two
control houses into one, and brought in two outside
control panels from each unit. All told, we cut 10
different panel locations down to 1.

At the start, we had six operators per shift. Now
we have five. The computer had nothing to do with
it.

We get more data, more quickly, and in better form.
Our chemists hay% more work to do, not less, and

there has been no reduction in the number of lab
people.
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Our total staff is up about 21/2 people for process
analysis, programing, and maintenance.

In the other plant, there has been no effect on em-
ployment ; no operators taken off, no technical people
put on.

I don't expect any future manpower reductions.
New processes and products can't wait for analysis
and programing to put the computer in when the
plant is built. There won't be any pushbutton con-
trol from the front office.

(2) From a chemical company :

Like all capital investments, a process computer
has to pay back in line with the Investment policy
of the company. This pay back can come from vari-
ous areas :

(1) Replacement of people.
(2) Greater product value by virtue of more uni-

form product.
(3) Greater process efficiency, less loss, higher

running rates, etc.
Item (1) is unrealistic. Mechanized processes op-

erate now at an irreducible people level from an equip-
ment safety viewpoint. In fact, those plants build-
ing up in this area have net increases in employment
for maintenance of the computer and associated elec-
tronic gear, and at professional levels. We have seen
no decrease in employment as a result of process con-
trol computer effort.

Installations to date have not reduced a single
person per shift from a manufacturing operation.
The increase in electrical engineers, computer tech-
nicians, programers, and systems engineers is sub-
stantial and is being felt at both staff and plant
levels.

Item (2) is very real and has no implications on
employment.

Item (3) continuously goes on in any corporation
wishing to remain in business. It has been accom-
plished by traditional means of mechanical engi-
neering, metallurgy, operational analysis, process re-
search, etc. We now add to this list an effort whose
equipment and qualified people are relatively new.
Perhaps despair should be aimed at "excellence" in
manufacturing, for it is hard for me to distinguish
the difference in totareffect between process computer
control and the more traditional areas of past (and
current) effort.

(3) From a talk by an engineer with a chemical
company that was an early user of computer con-
trol:

The "science fiction" writers of the popular press,
however, usually single out computers or "electronic
brains" as their favorite subject. Invariably, the
computer is blamed (or credited) for the wholesale
replacement of labor. But if these writers did re-
search with the same zeal they exhibit in heaping
abuse on computers, they would be aware that the
computer's greatest application has been in clerical
areas affecting mostly white-collar workers, not blue-
collar workers. As the percentage of white- to blue-
collar workers is increasing, other factors must be
more than compensating for labor effects of data proc-
essing equipment. It is also probable that there has
been no wholesale replacement but rather a nearly
equal substitution. In any ease, my task is to de-
scribe our use of computers, primarily for control
purposes.

. . . by 1958 the "labor" automation of a modern
\ chemical or petroleum process was relatively com-

plete. The evolution toward automatic control has
possibly moved faster in the chemical industry be-
cause the major variables are easier to control.
What did we hope to gain by adding a computer?
Labor costs, obviously, was not a consideration. Our
primary goal was increasing product quality and
speedier adjustment of variables resulting in loss.

. . . Since early 1960, a steadily increasing number
of computers have been installed for this use. In gen-
eral, these systems are designed to apply preplanned
intelligence to the overall economic operation of the
process. The desired result was to increase produc-
tion, reduce amount of raw materials, improve prod-
uct quality, or possibly all three. The number of
people required to operate a computer-controlled proc-
ess is usually not affected. They remain, in redefined
roles, ready to assume control should the equipment
fail or if a situation not provided for comes up.

What are some of the conclusions after 4 years of
operation? . . . "Labor savings," as predicted, will
usually not be a factor for this particular type of auto-
mation.

(4) From a chemical company with several in-
stallations :

In one of our computer control installations, an in-
stallation with several process steps, the operation is
controlled on a one-shift position basis (one man for
four operating shifts). No reduction in manpower
is possible, partly because the computer project was
chosen on that basis. The job is much easier now for
the present operator, and it is contemplated that the
chief justification will come from increased produc-
tivity on the part of the man, increased yield, and
increased effective working capacity. We have an
on-line analytical instrument on this installation
which eliminates an infrequent wet analysis by the
operator.

In another project, similarly manned on a one-shift
position basis, with on-line analytical instrumenta-
tion, the computer data logs more frequent and up-to-
date information which primarily means better cost
control of the process. No manpower reduction is
contemplated, but there is more process information
available, and further, the operator controls more
process equipment as the plant has expanded In two
stages in the past 4 years.

In another batch control operation, a new process,
we can say that more men would have been required
if the processing steps were not automated. But the
new operation will create new jobs.

In one area only can I see a possibility of manpower
savings. This is in the area of information systems,
or overall plant control. Direct processing of infor-
mation will reduce clerical type positions, but at least
in part will be balanced for an increase in cost analy-
sis as more and better information is processed.

Obviously, today the experimental nature of these
installations has increased manpowerengineers, pro-
gramers, maintenance personnel, and the like. Man-
agement has not allowed t'4e 31tuation to get out of
hand, however, and has o21y authorized increases
where projects were justified.

I can sum this up by saying that the chief purpose
in utilizing process computers in plants should be to
increase productivityyields and capacityand not
to reduce manpower.

(5) From a chemical company with several
process control computers :

Labor saving' is not much of a factor, because the
computer-logger is used where labor is "at an ir-
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reducible minimum for safety reasons."
The computer collects data cheaply. It gives in-

formation you wouldn't get if you had to do it with
clerks because it would cost too much.

There is no question that added technical people
outweigh any drops in operating personnel. Wide-
spread use of computers will mean changing the
content of engineering training. We would like to
get more qualified people, but we have trouble finding
them.

(6) From a chemical company with more than
half a dozen control computers :

Over a 4-year period, we have reduced our total
operating crews from 63 to 43 positions per shift.
[This reduction would mean 20 positions or about
85 jobs on a round-the-clock, 7-day-a-week basis.]

We attribute the reduction to better process sur-
veillance and alarm scanning, data logging, and the
reduction of data to meaningful terms and its pres-
entation in time to be useful. After installation we
found we had too many operators for the work to
be done ; some of them asked to be transferred to
another mit.

We have had to increase our engineering staff and
have also created a new plant position ; A "com-
puter specialist" who is an engineer with a control
and, chemical engineering background. These in-
creases did not make up for the decreases in operators.

(7) From a chemical- company which has been
one of the front runners in the use of process con-
trol computers:

. . our management is extremely sensitive to pub-
lic discussions of automation and manpower savings.
Let me therefore speak only as. an industry repre-
sentative and not from [my company's] viewpoint
alone. . .

My impression is that our industry is in as strong
an automation program as any other you could name.
This work has had a relatively minor effect on man
power in the past 'because computer control systems
were mainly supervisory in nature and thus supple-
mentary to the regular task of the operating staff. In
addition, standard control along with sequential re-
lay systems had already reduced the industry man-
power nearly to the emergency operationa level.

A deeided impact on manpower is dependent mainly
upon our ability to eventually Wive the extremely
difficult automatic startup, shutdown, and turnaround
problem. OnCe this is solved,, however, computer con-
trol systems, consolidated control rooms, and "flying
squad" maintenance and emergency Operation pro.
cedures could significantly reduce our manpower re-
quirements again.

Petroleum

(1) From a, petroleum company with two proc-
ess computer installations:

We did not decrease our operating personnel as a
result of installation of the [computer].

Our total staft increased, particularly with regard
to additional maintenance manpower to service the
pegpheral equipment associated with the computer.

The sophisticated nature of the equipment involved
in computer control required a higher skill level on the
part of our maintenance people.
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We do not believe that manpower savings will play
a bigger role in any future installations. Most of our
refinery installations, operating without computer con-
trol, are highly automated and, as a consequence, the
addition of computer control would accomplish very
little in the way of reducing manpower.

We feel that the savings that may be obtained
through the installation of process computer control
will result from . . . improved yield distribution,
smoother and safer operation, increased unit capacity,
decreased utilities, improved product quality, and so
on.

(2) From a petroleum company :

It is our company's policy not to release information
on the size or function of crews on operating mit&
However, we can say that in [the company's first]
installation no manpower savings resulted . . . . Also
we do not expect any manpower savings from the
[second] installation under development for [another
refinery]. Justification for both of these installations
has been entirely on providing an additional tool to
the oPerators for their improved control of the process.

(3) From a major petroleum company:

We have three active installations which did not
replace people and were not expected to. They were
installed for rapid correlation of data. A technical
man devotes part of his time to the supervisory control
computer, but he is not a new hire.

Like many other refiners and chemical companies,
we are making a number of "control house consolida-
tions," some with computers and some without. These
may cause a considerable manpower reduction which
is really due to general improvements in data trans-
mission and control techniques. Some people will
credit the computer with the reduction but it's actu-
ally just a piece of the project. By itself, it makes
no real difference.

(4) From one of the large petroleum companies:

We are happy to have the opportunity to "help set
the record straight" with respect to the effects on
manpower of process computer control. In no case
have manpower savings been used as an incentive for
the installation, and in no ease have we reduced man-
power or have we been able to see a significant change
in the amount of work done by the operating crews.
The computer may save some logging time, but at
least as much time is required for the operator to
enter information and act on the instructions from
the computer.

During any application a good deal of engineering
and clerical time is required. After the application,
engineering (technical service) time is at least equal
if not more than before. Conventional and special
analytical instruments have increased maintenance
work somewhat, but so far there has been no change
in the number of maintenance people.

(5) From a petroleum company :

As you well know, my company has installed two
computer control systems for process units. In each
case the new process units were part of modernization
programs, and jobs were eliminated because single
large units replaced several smaller ones. However,
to call this technological or automation unemploy-
ment is similar to complaining that jet airplanes have
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created technological pilot unemployment because
they carry more passengers faster than DC--3's. As
far as the computer installations themselves are con-
cerned, I am sure you are well aware that these do
not result in any reduction in the staffing of the two
units. The "X" unit requi...es three men per shift,
and the staffing would be the same with or without
the computers. The "Y" unit also requires three men
per shift, and this also would be the same without
the computer. The entire justification of the com-
puters lies in improved efficiency of operation of the
units. In other words, we hope to reduce cost for raw
materials and utilities and to improve the value of the
products from the unit. In fact, you could say that
the computers have increased employment in our
business because they have created employment for
computer engineers and skilled electronics mainte-
nance men, and have increased the level of mainte-
nance on the associated instruments.

With regard to the future, I personally see no sig-
nificant loss of employment resulting from application
of computers in processing industries. The major
brunt of computer-caused unemployment has been in
the accounting areas, and most of this has already
occurred and has been absorbed by the economy. The
popular press turns out a lot of copy about the auto-
mation revolution, but as you know, it greatly exag-
gerates the results and almost ignores the staggering
technical problems involved. Certainly you can auto-
mate almost any task in the world that is being done
manually, but the time and expense involved in doing
so would be ridiculous in most cases. I see little pros-
pect of this situation changing very rapidly.

I can get quite upset from reading the hokum that
some of the social planners write about technological
unemployment being a threat to our civilization, par-
ticularly when the same people simultaneously be-
moan the poverty and substandard living conditions
of a large part of our population. Since our average
standard of living is simply the national production of
goods and services divided by the population, I do not
see why the social planners should not be enthusiastic
about any kind of increase in productivityat least
until everyone has as high a standard of living as he
desires.

Steel

(1) From a steel company :

We have four control computer systems installed or
being installed. At our first installation, we added
one man in a supervisory position who was trained in
computer operation and programing.

On one rolling mill, we have one less operator, but
this reduction is due to a continuous gage control sys-
tem, not to the computer. One clerical job may be
eliminated in the future. However, in the long run,
we may have a net addition, because we have trained
two service people and two programers.

On another new rolling mill, the operating crew
will be smaller because of better mill design. The
losses will be laborers, not operators. We have extra
men around the furnace, because it's necessary to keep
track of the position and identity of the material
about to be rolled.

Our fourth computer is just going in, and we can't
say anything about it yet.

In general, I believe it will cause a transition from
shift work to day work.

(2) From a steel company :

As far as I know, the installation of process control
equipment has not reduced manpower requirements
but has increased them and, also, raised the level of
skill required. This is a positive statement as far as
the blast furnace and basic oxygen steelmaking in-
stallations are concerned.
[Unfortunately, he does not comment on his com-
pany's installations for several rolling and processing
operations.]

I believe that this will continue to be the case with
process control. The man-hours per unit of product
will decrease because of increased production and/or
reduced rejections, but the total number of people
employed will usually increase.

(3) From a steel company with several com-
puters:

In general, we don't find much labor saving in
putting a computer on an existing part of the steel
mill. We have to have somebody around to take over
in the event of a computer failure. The economic
justification is based on better productivity, yield, and
quality.

For new plant facilities, we have smaller crews be-
cause they are more mechanized. For example, in our
oxygen steelmaking shop, the savings will come from
better material handling. Also, we're bringing data
from the scales, the ehemical lab, etc., into the pulpit
for monitoring by one man. The computer itself
doesn't replace anybody ; the system must and will
operate without the computer.

On a strip mill, only 2 percent of the justification
came from a manpower savingone man who worked
around the finish end and didn't do much of anything
anyway.

Some incentive systems will cancel out any increase
in productivity ; costs may be more inelastic than
people think.

Power

(1) From a power company with several com-
puters:

We do not consider this a touchy subject.
All but two of our systems are just loggers. At

one station, two computers control two units from a
single control room. Here we have eliminated one
"outside man" per shift (out of four), so we now
have about 53f men per shift : three outside men,
two operators, and half of a supervising watch en-
gineer.

The outside man was eliminated because he didn't
need to rove around the plant to inspect the equip-
ment ; scanning is done by the computer.

We have gained a position"supervisor of instru-
mentation"who looks after normal control equip-
ment, keeps the sensors in good calibration, does diag-
nostics on the computer, and writes short programs.
These are men we already hadthree in allwho
were sent to computer school, basically instrument-
technician-type people.

(2) From a power company :

Our [computer] installation at [one of our steam
stations] did enable us to reduce by one operator per
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shift to a four-man crew for two units ; however, we
found it necessary to employ additional men in the
electronics maintenance area and have had to upgrade
the quality of our electrical maintenance people as a
result of the computer installation.

It is my opinion that the computer installation in
its present form which controls the turbine on startup
and shutdown does not reduce manpower, but does
give us a better control over our equipment, and gives
us improved quantity and quality of information about
our power station. Through the use of this informa-
tion it is possible for us to get a better operating con-
trol over the factors which influence performance
efficiency, thereby resulting in saving considerable
quantities of coal.

(3) From a power company :

Unfortunately, we cannot make a direct comparison
before and after computer installation due to the
fact that the plant was initially designed with a com-
puter. Also, we cannot honestly compare this sta-
tion with our others due to extensive design changes
which are totally unrelated to the computer. The
computer does, of course, eliminate many menial op-
erator functions, such as logging, changing recorder
charts, and checking local instruments. However,
the elimination of these functions does not necessarily
result in a change in manpower requirements but
rather releases the operator to concentrate on more
useful functions.

With reference to maintenance personnel, again we
do not see any change in the number or type of
people required. Our instrument and controls main-
tenance personnel consists of [a graduate engineer]
and three [assistants who are at least graduates]
of a 2-year technical school. We consider the com-
puter to be just another instrument and trained one
of the assistant engineers at the manufacturer's com-
puter maintenance school. I might add that the main-
tenance of the computer is practically nil.

It is [company policy] to do all of the computer
programing ourselves . . . . All of our programing
personnel are graduate engineers and have been "hand
picked" from our General Engineering, Production,
and Operating Departments . . . . The programing
required approximately 6 man-years.

C. Conclusions From the Replies

Based on these user comments, one may conclude :

(1) Many user companies did not expect and have
not seen any reductions in the number of opera-
tors as a result of process computer installation
because their processes were already highly
automated.

(2) Installations are justified, as described in sec-
tion 2, by increased plant capacity, more uniform
product quality, greater efficiency or yield,
reduced waste and losses, and safer operation.

(8) Where changes in operator employment have
occurred, they are attributed to control room
consolidation, larger and better-designed new
process units which can be operated by smaller
crews, other equipment changes, or to the scan-
ning and data-gathering functions of the process
computer, not to its capability for better
process control.
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(4) One chemical company claims an average reduc-
tion in operating manpower of two shift positions
(or eight men) per process computer. Other
companies have experienced no reduction or, at
most, one shift position (or four men) per process
computer. Because many process computers have
caused no change in the number of operators, the
average effect on employment is perhaps one
employee per computer.

(5) In most cases, technical and maintenance staff
employment was increased ; frequently, these
changes offset the reductions in operating
positions.

(6) By virtue of (5) and the training given to opera-
tors working with process control computers, the
general skill level of the user companies has
increased.

Although the user survey was not exhaustive and
did not include a majority of the existing installa-
tions in the United States, the views expressed are
consistent with the experience of other user com-
panies. Based on personal observation,there is no
reason to expect that different conclusions would
be reached as a result of a more comprehensive
survey.

D. Extrapolation to All Installations

Based on the experiences of a number of users
reported in B above and figures presented in sec-
tion 2E, extrapolations can be made to estimate
the overall manpower effect of all process com-
puters to date in the United States.

With one exception, the illustrations in this sec-
tion are based on data presented in Technological
Trends in 36 Major American Industries, a 1964
publication of the Department of Labor, extended
by more recent data furnished by its Bureau of
Labor Statistics. The top part of each chart gives
employment figures in thousands ; the top curve
is the total number of employees ; and the lower
curve is the number of production people. In the
center of the figure is a production index defined
as 100 for the period 1957-59. The bottom graph
shows the year-by-year growth of process computer
installations, as well as it can be determined from
published information ; the number plotted is the
cumulative total through the particular year, as
determined from the previous table.

Because the chemical industry is not included
in Technological Trends, the graph showing em-
ployment trends in this industry is based on tables
C-1 and C-2, pp. 233-234, of the Manpower Re-
port of the Presiclent and a Report on Manpower
Requirements, Resources, Utilization, and Train-
ing, prepared by the Department of Labor and
transmitted to the Congress on March 5, 1965.
The two publications evidently use a different basis
for compiling the data, because figures for "Pe-
troleum Refinhig" in Technological Trends do not
match those for "Petroleum and related products"
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in the Manpower Report. However, the employ-
ment figures for "Chemicals and allied products"
from this report should reflect roughly the same
segment of industry included in the tabulation of
process computer installations; indicated changes
probably have the correct direction if not the cor-
rect magnitude.

Petroleum

In petroleum refining, as shown in chart 1, one
finds a generally rising level of production from
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1947 to the present, and an almost steady drop in
employment from about 160,000 in 1953 down to
about 119,000 in 1963. The number of nonproduc-
tion employees has remained relatively constant
at about 40,000.

Process control computers were introduced in
19591 and there are now about 2 dozen of them. It
is evident that the drop in production employment
began too early and is too large to be explained by
the number of process control computers. Be-
tween 1959 and 1963, production employment
dropped from 100,000 to 85,000; at the end of 1963,
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approximately 15 computer systems were in-
stalled (or ordered). If this drop were due en-
tirely to introduction of process control computers,
it would mean 15,000+15=1,000 employees per
computer system, a completely impossible figure in
view of reason, personal observation, and testi-
mony from users. It would be more reasonable to
guess that each computer system displaced, at
most, 4 operators for a total of 4 X 15=60, an in-
significant part of the total change; even this fig-
ure is probably high.

The observed drop in employment has many
causes, one of which is simply that petroymm re-
finers discovered that unitsliad gradually become
overstaffed and took corrective measures. It is
due, in part, to use of larger processing units which
can be operated by the same size crews as the older,
smaller ones. It is due also to coLsolidation of
control rooms, a measure which mry have some
connection with control technology m general but
only a limited connection with the process control
computer as such. Other types of automation,
such as conveyors and forklift trucks vsed in pack-
aging operations, probably play a part.

Based on present costs and capabilities of com-
puter control systems and the market situation
facing the petroleum refiners, one can estimate the
number of installations now feasible in a technical
and economic sense. Using published data on do-
mestic refinery units and their capacities (Oil and
Gas Journa2, Apr. 5, 1965, pp. 157-177), about 250
computer control systems could be justified for ex-
isting facilities. If this figure is accepted, then the
petroleum refiners have installed computer Control
for about 10 percent of the possible applications.

Companies supplying data on the employment
effects of their process control computers have a
daily crude oil capacity of 4,300,000 barrels, com-
pared with an industry total of 10,700,000 barrels,
so they represent about 40 percent of the industry.
These companies accomt for slightly over half of
the process computer installations in the petroleum
industry.

Chemical

Production employment in the chemical indus-
try has remained remarkably constant from 1951
to 1964 (see chart 2), varying from 502,500 1n1951
to an estimated 528,600 in 1964, with a dip to 493,-
700 in 1958. In the same interval, total employ-
ment has grown from 707,000 to 877,100. No out-
put index is available, but it may be assumed that
the growth in total employment reflects people
added to cope with an increasing volume of
business.

Process control computers were first adopted by
the chemical industry in 1959, and about 60 had
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been installed or ordered at the end of 1964. In
this interval, production employment increased
slightly from 505,600 to 528,600, a difference of
23,000. Again, if the average process control com-
puter had displaced 4 operators, the effect on em-
ployment would have been 4 X 60=240 operators,
or about 1 percent of the observed change. In gen-
eral, the impact of the process control computer is
obscured by industry growth.

The chemical industry reported sales of $36 bil-
lion in 1964 (Chemical and Engineering Progress,
January 1965, p. 30). Because of the many prod-
ucts and plants, it is impossible to count directly
the number of potential applications for p_rocess
control computers. However, a very rough esti-
mate can be made in the following way.

Any process with an annual product value
greater than $5 million can be consisiered a candi-
date for a process control computer system since
typical improvements of 3 to 5 percent slould
produce $150,000 to $250,000 per year in benefits,
enough to pay for a system m a year or two in
accord with accepted industry payout criteria. At
an upper limit, 36,000+5=7,200 such processes
would be expected to exist.

This figure overestimates the number of poten-
tial computer installations for several reasons : (1)
Processes with product values greater than $5 mil-
lion do not require a proportional number of con-
trol computers, e.g., a $20-million-a-year unit
would need only one control computer, not four;
(2) processes with product values under $5 mil-
lion add to the industry's total sales and contribute
to the estimate of 7,200 possible systems but would
not ordinarily warrant an installation ; and (3)
to date, some processessuch as sulfuric acid
have not been found to possess the technical char-
acteristics needed to justify a computer control
system.

On the other hand. several arguments could be
advanced for using a larger number : (1) The in-
dustry sales figure presumably reflects only inter-
company transactions and ultimate consumer sales,
overlooking intracompany transfers and multiple
processing steps for many products which would
mean a larger number of process units; and (2)
smaller processes within a single plant could be
grouped and controlled by a single computer.

On balance, a potential of 700 to 1,000 computer
control systems for the chemical industry is prob-
ably realistic. On this basis, the chemical indus-
try has installed computer control for 6 to 9 per-
cent of the possible applications.

Companies supplying data on the employment
effects of their process control computers had sales
in 1964 of about $8 billion, thus representing ap-
proximately 22 percent of the industry. These
companies account for almost two-thirds of the
process computers in the chemical industry.
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In the iron and steel industry, the level of pro-
duction employment varies considerably but
pretty well follows the production index. The gap
between production ansi total employment is re-
maining quite constant or even growing somewhat.
If there is a general trend in employment, it is
downward from the high levels existing from 1951
to 1957. (See chart 3.)

Process computers were introduced 'about 1960,
and about 60 are now installed or on order. From
1960 to 1962, the last year for which industry em-
ployment figures are on hand, production employ-
ment decreased approximately 50,000; in the same

YEAR

interval, about 22 process control computers were
installed or ordered. These figures would indicate
a displacement of 2?300 employees for each com-
puter, far too many m view of experience and user
testimony. At 4 employees per computer, a more
reasonable figure, the 60 process computers would
account for only 4 X 60=240 employees.

Changes in steel industry employment are ex-
plained by the introduction of such new processes
as oxygen steelmaking and continubus casting.
An oxygen furnace produces a heat of steel in 45
to 60 minutes, as compared to 4 to 6 hours or more
for an open h.earth furnace and requires about the
same size crew as a result, both the plant invest-
ment and the labor cost for producmg steel are
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greatly reduced. Continuous casting permits mol-
ten steel to be converted directly into slabs or bil-
lets ready for rolling, thus eliminating the steps of
pouring the steel into ingot molds, allowing the
ingots to cool and solidify, removing the molds, re-
heating the ingots in soaking pits, and rolling the
ingots mto slabs or billets in a roughing mill; the
savings in equipment, fuel, and labor are estimated
at $8 to $10 per ton, a really significant part of the
total production cost. It is no wonder these proc-
esses have caught the attention of steel producers.

As an indication of the employment impact of
206-754--66vol. 1-19

64 66

these new processes, Business Week (Aug. 14,
1965, p. 78) reported : "Last week, U.S. Steel Corp.
announced it will shut down a 12-furnace open
hearth shop at its Duquesne Works. Two recently
installed oxygen furnaces will supply all the steel
needs of the mill. Of the 250 displaced workers,
U.S.S. says, only 20 to 30 who lack seniority for
transfer, severance pay, or company-paid jobless
benefits will be laid- off. The remainder will be
given early retirement or absorbed in other
operations..' The Wall Street Journal (Aug. 5,
1965) reported the same announcement, indicating
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that only 5 of the 12 open hearthi were then oper-
ating and quoting a union official as saying, "the
move will probably cause the layoff of about 125
men, with another 50 men either retiring or mov-
ing _to other jobs."

The oxygen steelmaking faciliV at U.S. Steel's
Duquesne 'Works has been equipped with a process
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control computer to collect data, make charge cal-
culations, and exercise limited control functions,
The computer is not essential to the operation ; the
furnaces must and can be run when the computer
is not in service, and other steel companies (e.g.,
Kaiser? Colorado Fuel and Iron) run similar facil-
ities without a process control computer. Clearly
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it is the new process, not the control computer,
that is responsible for employment changes.

Using a directory of steel mills and facilities, it
was estimated that the steel industry could now
use about 350 process control computers. On this
basis, the steel industry has installed or ordered
process control computers for about 17 percent of
the Potential applications.

The companies supplying data on the manpower
effects of their process control computers have
about half of the annual production capacity of
the industry and slightly less than half of the
process control computers installed or ordered to
date.

Electric Power

The chart for the electric power industry (see
chart 4) shows a very uniform growth rate for the
output index. P roduction employment has de-
clined from 1953 to 1962, from 228,000 down to
211,000 ; since 1957 there has even been a decline
in the total employment.

The first computer was installed about 1958, and
now the power industry has about 100 of them.
About 40 had been installed or ordered by 1962,
the last year for which employment figures are
available. In the period 1958-62, production em-
ployment decreased by about 10,000, or 250 em-
ployees for each computer ; as before, this figure is
unreasonable. Assuming 1 shift position or 4
operating employees per computer, the total dis-
placement through 1962 would. be 4 x 40=460 or
4 x 100 =400 through 1964, a small part of the total
change in employment.

Growing productivity in the electric power in-
dustry is caused, in part, by use of larger generat-
ing units which can be manned by crews no bigger
than before. The average unit size has grown
from 80 mw. in 1955 to 200 mw. in 1965 ; in the
same time period, the largest unit size has jumped
from 300 mw. to more than 600 mw. For such
large units, costs of an operator's misadjustrnent
(which could increase fuel consumption) or seri-
ous mistake (which could cause damage requiring
the unit to be shut down) me very high. The
large size of the units is, in Met, an incentive for
installation of control computers as a form of
insurance against major catastrophes.

Taking the present generating capacity as 200,-
000 mw. for the United States as a whole and 300
mw. as the average size of the units for which con-
trol computers have been installed, one can esti-
mate that the industry has automated 300 X 100 +
200,000=0.15 or 15 percent of the total capacity.
On this basis, the electric power industry can be
expected eventually to have 600 to 700 control
computers.

The three companies supplying data on employ-
ment effects of their computers represent only

ot^'
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about 8 percent of the total number of control com-
puters installed or ordered.

Pulp and Paper

Employment in the pulp and paper industry has
been relatively constant since 1955, total employ-
ment having remained between 220,000 and 230,-
000, and production employment between 180,000
and 190,000. At the same time, output has been
rising steadily. (See chart 5.)

Paper machines are now being built which pro-
duce wider sheets at higher speeds than ever before,
thus providing more tons per hour, day, or year
with little change in crew size. Continuous digest-
ers are being installed in increasing numbers to
produce better pulp more efficiently and with less
labor. For example, one company studied mod-
ernization of its pulping facilities and reported
(Paper Trade Journal, May 10, 1963) that a con-
tinuous digester with one operator would produce
as much pulp as eight batch digesters with five
operators ; this company did not suggest use of a
process control computer, although other com-
panies are installing them for continuons digesters.

Process control computer utilization in the pulp
and paper industry is in its infancy. The first sys-
tems were installed or ordered in 1961, and two of
the earliest installations (Potlatch and Fitchburg)
have since been removed. About 16 systems had
been ordered through the end of 1964, with only 4
or 5 complete enough to be producing any results.

Many papermills are small and probably cannot
justify installation of a process control computer,
Nevertheless, there are probably 150 mills in the
United States big enough to use at least 1 computer,
and the largest mills can use 2 or 3 effectively, so
the total potential is perhaps 300 to 400 installa-
tions. On this basis, the pulp and paper industry
has only installed process control computers for
4 to 5 percent of the potential applications.

Cement

Employment in the cement industry, both total
and production, has been dropping steadily from
the high levels of 1956-58 ; total employment de-
creased from 44,400 in 1958 to 38,700 in 1964, while
production employment in the same period de-
creased from 36,700 to 30,300. (See chart 6.)

Although it had a reputation as a "backward"
industry, the cement industry's first computer in-
stallation was made in 1959, about the same time
that pioneering installations were being made in
electric power, petroleum, and chemical plants.
About 14 process control computers had been in-
stalled or orderedb7 the end of 1964.

From a cement mdustry directory, it has been
found that 130 plants in the United States produce
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1,750,000 barrels of cement or more per year. At
$3 per barrel, a typical price, these plants have an
annual product value sufficient to justify considera-
tion of computer control. If other teclmical
criteria are also satisfied, this number-130rep-
resents the approximate potential for process com-
puter installations. On this basis, the cement in-
dustry has installed or ordered process control
computers for about 10 percent of the possible ap-
plications.

As in several other process industries, larger
equipment is a key factor in downward employ-

60 62 64 66

ment trends. Several companies have large kilns,
500 to 600 feet long with an annual production of
3 to 5 million barrels, installed in new plants or as
replacements for old kilns which were 150 to 200
feet long and produced about 300,000 barrels per
year. Grinding mills, the other major item of
equipment in cement plants, have also been getting
larger. The larger units offer savings in both
operating and maintenance manpower. Central-
ized control rooms in modern plants also contrib-
ute to lower employment.

To indicate the importance of these changes,
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one company modernized a plant by installing 2
new kilns in place of a number of old ones, 1
crusher in place of 3, 2 raw- material grinding
mills in place of 1.1, and 2 finished cement grind-
ing mills in place of O. Annual production
capacity was incrensed by 30 percent. The number
of operators decreased from 50 to 16: laborers,
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from 30 to 16; and maintenance men from 60 to
30; the number of supervisory people was also
reduced. The company has installed a process
control computer (not yet in full operation) in this
plant but flatly states that it had no part in re-
ducing einployment and, in fact, has required the
addition of one man.
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4. Future Trends

In this section, a recapitulation of conclusions
from earlier sections of the report is presented,
and an attempt is made to predict future trends.

A. Recapitulation

From the material presented in the first three
sections of the report, the following conclusions
should be drawn :

(1) Use of digital computers for industrial process
control is the latest step in a continuing evolu-
tion of control techniques.

(2) Introduced about 1958-59, the number of process
control computers inwtalled or ordered has in-
creased about tenfold in the last 5 years, or 60 to
80 percent per year.

(3) Coming at a time when processes already em-
ployed automatic control devices in great num-
bers and operating crews were already fairly
small, the process control computer per se could
have and has had only a very small effect on the
number of men employed to operate process
plants.

(4) Where changes in operating manpower have
occurred, they are due primarily to introduction
of new processes, construction of larger units,
or other innovations permitted by a variety of
technological advances.

(5) As explained at some length in section 2, instal-
lation of a process control computer requires the
work of several engineers and programers over
a period of 1 to 2 years or more ; this effort rep-
resents a considerable cost, and people qualified
for this activity must be added to the technical
staff of the user organization or created from
those already employed.

(6) Managements have been justifying the instal-
lation of process control computers by improve-
ments in production capacity, raw material utili-
zation, safety, and control of quality, not by
raluctions in manpower.

Because the employment effects of automation
in general and process computers in particular
have been widely discussed and often misunder-
stood, perhaps a few additional remarks on the
subject are appropriate.

As has been noted earlier, the cost of a process
control computer system is usually in the range
of $200,000 to $400,000. The cost of the computer
itself is $50,000 to $150,000. On a lease basis, the
computer costs perhaps $1,500 to $5,000 per month.
Taking the laEor cost of one position as $3,000 per
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month ( four men at $500$600 each, plus fringe
benefits and overhead) or $36,000 per year, it is
evident that elimination of one position would be
enough to cover the lease payments for an average
computer system. Additional reductions would
be needed to balance the purchase price of new
instruments, process and control room modifica-
tions, and other items not ordinarily leased, as well
as the costs of engineering, programing, and so
forth.

If managements have not used manpower reduc-
tion as a justification, it has not been for any lack
of desire to do so. Each position eliminated is a
saving of $25,000 to $40,000 per year. These sav-
ings are hard cash, readily observed in a financial
statement, unlike the small changes in production
capacity or efficiency which are difficult to measure
and easily obscured by market changes and other
effects. Manpower reduction has not been used to
justify process computer installation, chiefly be-
cause it is too difficult to eliminate operators in
plants which already make widespread use of auto-
matic control devices.

The difficulties here do not arise to any extent
from restrictions in union contracts, either, al-
though they may have some influence. Many con-
tracts contain a clause stating that crew size can
only be changed as a result of a technological in-
novation. The process control computer would
appear to qualify as a "technological innovation,"
but managements have not grasped this apparent
opportunity to redefine crew sizes. The real diffi-
culty is that the number of operators in a modern
plant is already close to the practical minimum,
based on requirements during startup, shutdown,
upset, and emergency conditions. Reductions sub-
stantial enough to offset the total costs of process
computer systems being impossible, benefits are
sought in other areas.

Of course, plant managements have a direct and
genuine interest in greater production, reduced
waste, and better control of quality. Where large
increases in capacity are needed, the only solution
is to build a new plant. Insofar as added capacity
is concerned, a process control computer allows
only minor gains and, in effect, just postpones
construction of new capacity, simultaneously post-
poning employment of people to man the new
plants.

One of the leading figures in the field, Dr. T. J.
Williams (then with Monsanto and now a profes-
sor of engineering at Purdue University) dis-
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cussed the justification for process control com-
puters in 1961 :

1. A return on total plant investment of at least
0.5 percent/year (before taxes) is probably possible
on any process solely from monitGring and long-term
economic optimizing abilities of the computer.

2. A check for process bottlenecks should be made
if a systems study shows that return of greater than
about 6 percent/year (before taxes) is possible. If
such a return is possible, the plant was not well
designed in the first place.

Experience indicates that 3 to 5 percent is a
typical amount of improvement due to a process
control computer. In some cases, as much as 10 to
12 percent has been noted, and 0.5 to 2 percent is
occasionally sufficientfor very large processes
to justify installation of a computer system.

Laymen seem to experience difficulty in under-
standing the motives behind installation of process
control computers and accepting the idea that man-
power reduction is not a primary motivation. In
part, this difficult', stems from an inevitable lack
of familiarity with the technical and economic
factors just summarized. However, it can also be
traced to misinformation about the subject appear-
ing in newspapers, magazines2 and books. Two
examples will perhaps serve to illustrate the point.

Several years ego, an article in The Nation
(Dec. 17, 1960, pp. 467470) contained the sentence
"There is now an oil refinery in Texas which is
completely controlled by a giant computerand
it does a much better job than the human operators
whom it replaced." A letter to the editor, pub-
lished 6 weeks later (Feb. 4, 1961), pointed out that
the computer was connected only to a small unit
within the refinery, that it improved operations
only slightly, and that no operators had been
replaced. Despite this correction, the author of
the article testified before a U.S. Senate subcom-
mittee in 1963, and offered a guess that the installa-
tion had replaced a half dozen men in the control
room. The company in question admits to a recent
reduction from three men per shift to 21/2 (one
man dividing his time between two units), or some-
what over two men in all.4

Automation: Indiustrialization Come8 of Age
by William Francois (Collier Books, New York,
1964) contains the following paragraph :

IBM was not the first computer manufacturer to
market, such controls. Monsanto Chemical Co., aided
by Thompson-Ramo-Wooldridge Products Co., studied
such a possibility in 1958. Two years later an RW-
300 conmuter system was fully controlling an am-
moniainaking process at Monsanto's plant in Luling,
La. The decision to go ahead with the installation

a Systeme Engineering for the Prooeu Industrie*, McGraw-Hill
Book Co., New York, 1961, p. 72.

See Fortune, January 1965, pp. 124 et seq. ; March 1965,
pp. 74-80.
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was based on greater reliability of computers and the
expectation that production might be increased 75
percent as a result of refinements introduced by com-
puter control.

A 75-percent increase in production would in-
deed be a striking inducement for installation of a
process control computer I However, the author
has misplaced a decimal point or suffered a typo-
graphical error : 7.5 percent would be much closer
to the truth.

Before the computer was installed, Monsanto's
Luling ammonia plant was rated at 450 tons per
day, already substantially higher than the design
capacity of 300 tons per day at the time of startup
in 1954. After the number of gas compreasors
was increased from 6 to 7, about the time the com-
puter system was being designed, the capacity
went up to 525 tons per da3r. When the computer
system was being connected in 1960, another com-
pressor and a synthesis reactor were being in-
stalled, sufficient to raise the capacity another 75
tons per day to 600 tons per day. After the com-
puter system had been operating a few months,
Monsanto held an open house for the press and
admitted thatproduction had gone up "more than
1 percent." This history was fully reported in
the trade press at the time (see, for example,
Chemica2 Engineering, Nov. 14, 1960, pp. 110-114
and Petroleum, Week, Nov. 14, 1960, p. 34) .

A recent industrywide tabulation of ammonia
plant capacities (Chemical Week, Sept. 112 1965)
showed Monsanto's Luling plant with an estimated
capacity of 220,000 tons per year in 1964, almost
exactly 600 tons per day on a 365-day-per-year
basis and somewhat more if allowance is made for
some downtime. The capacity at Luling is being
doubled in 1965 with the addition of a complete,
parallel ammonia plant, also 600 tons per day and
also equipped with a process control computer.

Nowhere in these figures can one find a basis for
attributing a 75 percent increase in capacity to the
first control computer.

B. Future Trends

The effect og process control computers on oper-
ating manpower can be calculated from the fol-
lowing relationship :

Total number \ ( men displaced \
number= of per
displaced installations / k installation

The number of installations is known with rea-
sonable precision, but the number of operators
displaced per installation can only be guessed.
In many instances, the number reported is zero.
If this figure were universally applicable, the pre-
diction of future employment effects would be easy.
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because the above calculation would become
simply :

Total
of zero

number )()number= = 0
displaced installations

The expected number of installations is imma-
terial, and predictions of the extent of process
computer utilization in the future are not even
necessary.

Reports from users quoted in section 3 sug-
gest that an average displacement of one operator
per computer system may be closer to the mark.
If so, the computers installed or ordered through
1964 would cause a total displacement of about
300 operators.

Being somewhat more generous and taking one
shift position or four operators per computer sys-
tem as the average effect on employment, total
operator displacement to date and expected in the
future would be as shown in table 3. This table
includes figures from section 3 on the number of
potential installations in the six industries which
have been the principal users of process computers;
together, they account for 90 percent of the sys-
tems installed or ordered through 1964. Their
total potential is 2,300 to 2,800 computer systems.
These industries have now installed or ordered
process computer systems for 10 to 12 percent of
their potential applications.

Assumingrepeat, assuming-4 operators per
computer system, total operator displacement
through 1964 in these 6 industries would be about
1,100 men, and the ultimate displacement would
be on the order of 9,000 to 11,000 men. If these
industries continued to have 90 percent of the po-
tential installations, allowing for other industries
would raise the total to 10,000 to 12,000 men. How-
ever, other userssuch as pipelines, nonferrous
metals, glass, foods, and textileswhich got a later
start in the field may become more active and may
eventually account for appreciably more than 10

TABLE 3. PROCESS COMPUTERS INSTALLATIONS, THROUGH
1964 AND POTENTIAL, AND THEIR EFFECT ON OPERATING
DIA.NPOWER

Industry

Process computer installations
Reduction in operating
manpower (assuming
four men per computer)

Through
1904 Potential

Through
1964 as
percent

of
potential

Through
1904 Potential

Chemical 58 700-1, 000 6-9 240 2, 800-4, 000
Steel 61 350 17 240 1, 400
Electric power_ _ 101 600-700 15 400 2, 400-2, 800
Petroleum
Cement

27
14

250
130

10
10

110
55

1, 000
520

Pulp and paper__ _ 16 300-400 4-5 65 1, 200-1, 600

Total 277 2,330-Z 830 10-12 1, 110 9, 320-11, 320

percent of the total number of process computer
mstallations. If their share increased to 50 per-
cent, the total operator displacement would reach
only about 20,000 men.

These calculations do not attempt to predict the
number of additional people who must be em-
ployed to plan, design, program, histall, and main-
tain the computer systems. Some of these people
are employed by instrument and computervendors.
No figures are published, of course, but the present
totalnot counting people involved in computer
manufacture or in the other activities of the ven-
dor companiesmay be on the order of 800. Based
on 2 or 3 men employed by the users for each sys-
tem being installed, another 600 to 1,000 people are
occupied with process computer work in the user
organizations. (Some of these are new additions
to their staffs, and others have been reassigned
from other positions.) The number of new posi-
tions createsi by the process control computer
equals or exceeds the number of operating people
displaced.

To be sure, positions concerned with planning,
designing, programing, and installing process
control computers demand skills and training well
beyond those of the normal operator. People in
these positions generally have one or more degrees
in engineering, mathematics, chemistry, physics, or
other sciences, as well as some industnal experi-
ence. The academic training provides the knowl-
edge needed to develop process models and control
schemes, while the industrial experience furnishes
a sense of proportion and judgment about suitable
objectives for a process control computer. Uni-
versities are attempting to supply graduates with
the requisite training but are hansiicapped by a
shortage of qualified faculty and facilities to fill
thegap ; user companies have conducted their own
training courses, sent their employees to vendor-
and university-sponsored short courses, and thrown
people into projects for on-the-job training.

The rate of process computer utilization is lim-
ited in part by management hesitancy to move
ahead without a convincing justification, often
difficult to supply, and by a shortage of people
able to install the systems. Even if management
suddenly dropped all financial barriers, the number
of installations per month could not be greatly in-
creased because the necessary engineering and sci-
entific manpower is not available and cannot be
developed overnight. Thus, the possible displace-
ment of operating manpower will take place
gradually, over a period of years, at a rate
which minimizes the impact on total industry
employment.

These predictions have implicitly assumed no
radical changes in the ways that process computers
are used to cause significant increases in either the
number of potential installations or the employ-
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ment effect per installation. Such changes, if they
do occur, will also begradnal. A few pioneers will
lead the way, and others will straggle along after
them. Two extensions to the original computer
control concepts have already appeared and are
being tried experimentally in a few plants.

One concept receiving much attention these days
is direct digital control (DDC). As explained at
the end of section 1, this techmque consists of us-
ing a single digital computer to exercise control in
sequence over a large number of process condi-
tions, replacing an equivalent number of conven-
tional controllers. DDC performs no new func-
tions and is justified on a straight comparison of
equipment, engineering, and maintenance costs,
with some credit for data processing and logging
which can be done at slight additional expense.
DDC will probably find its greatest acceptance in
new plants, where no existing control equipment
will have to be scrapped. If widely adopted, DDC
will increase the number of process control com-
puters and will increase manpower needed for
equipment installation without causing any asso-
ciated labor displacement. No operatmg people
are displaced by DDC, per se, unless it plays an
essential role in consoliclation of control rooms
previously separated by distances too great for
coupling by conventional analog methods.

Multiunit control, in which a single computer
exercises control over several processes within a
plant, is another concept now receiving considera-
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tion. If used only for supervisory control (that is,
to determine the best operating conditions con-
sidering the links between processes as well as
their internal relationships), with local controllers
and control rooms preserved for regulation func-
tions within each process, the multiunit control
computer will have little eflect on operating man-
power levels.

Elimination of the local controllers and control
rooms, with a central computer performing DDC
and supervisory control lunctions for a whole
plant, would have noticeable effects on operating
manpower requirements. A plant could be run by
a crew of the size now found in any one of the con-
trol rooms, aided by men roving the plant to spot
troubles and perform maintenance. However, use
of multiunit control of this nature is hampered by
operational problems of starting up and shutting
down processes at long range, as well as concern
about "putting all the eggs in one basket." Com-
puter reliability is being improved continuously,
but provisions for automatic or remote startup
and shutdown are likely to be quite expensive in
relation to the benefits achieved.

All things considered, the process industries
have a 10-year task ahead of them in absorbing
and taking advantage of control techniques now
available. The manpower implications of these
techniques are dwarfed by the impact of techno-
logical changes in the processes themselves.
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Automation in the Fabricating Industries
Introduction

Ten years ago in a study of automation and
technological change, the Subcommittee on Eco-
nomic Stabilization of the Joint Committee on the
Economic Report stated, "We are clearly on the
threshold of an industrial age, the significance of
which we cannot predict and with potentialities
'cshich we cannot fully appreciate." Within the
past 10 years it has become increasingly clear that
the technological changes brought about by auto-
mation are of great significance, although their
import is not yet fully known. Whereas their
potentialities, in a technological sense, are better
recognized, the economic and social consequences
of automation are still the subject of debate. On
the one hand, the concept of the automatic factory
has given rise to the specter of the workless so-
ciety ; on the other hand, there are those who in-
sist that "the more things change, the more they
remain the same," and that automation is merely
one additional step on the rung of technical pro-
gress and is not a far-reaching revolution.

Automation has many faces and takes on differ-
ent forms in the various manufacturing processes.
Its contribution to productivity is often merged
in the gradual progressive changes taking place in
manufacturing methods and equipment. Its pro-
ductive potential varies with the application. Its
labor displacing impact arises from many diverse
developments. Changes in manufacturing meth-
ods and occupational skills can already be noted in
industries where automation has been introduced,
for automation is a complex process in which men,
machines, and products are interrelated. Auto-
mation results in the transformation of human
tasks and the qualifications required for those
tasks. Automation requires the development of
new machines, controls, and manufacturing proc-
esses. Automation calls for new methods of prod-
uct design and management control.

The complex process of automation is develop-
ing in an economy which employed more than 70
million workers in 1965 and which will require
employment for 87 million by 1975. More than
100,000 factories and other work establishments,
each of which employed more than 20 workers,
utilized several million machines in 1965.

To scale the problem realistically, this study is
intended to focus on a microcosm of the total pic-
ture and to investigate two particular automation

,0V

processes and their effects in a selected group of
mdustries. The automation processes are numer-
ical control and automatic assembly. The group
of industries are six manufacturing industries of
durable goods, referred to as the fabricating
industries.

The fabricating industries are those which make
components, usually by, machin.ng or forming,
and assemble them into fmished pro ucts. The six
industries include :

1. Fabricated metal products;
2. Machinery (except electrical) ;
3. Electrical machinery ;
4. Transportation equipment ;
5. Instruments and related products;
6. Miscellaneous manufacturing industries.

Ordnance (SIC 19) is sometimes considered
with the fabricating industries; it is often grouped
under miscellaneous manufacturing industries. A
more detailed breakdown of these industries as
listed in the Standard Industrial Classification
Manual 1 is shown in appendix A.

The 30,481 plants with 20 or more employees in
the six fabricating industries comprised 30.3 per-
cent of the total number of manufacturing plants
in the U.S. (1963 figures). These plants em-
ployed 6.7 million workers in 1964, comprising 9.6
percent of the total number of employed workers
and 30.8 percent of the total number of craftsmen
and operatives.

The two automation technologies under review
are highly differeniated, are in different stages of
development, and have different areas of applica-
tion. In the context of the total manufacturing
process, however, these two technologies are com-
plementary. In their economic and social impli-
cations, they are twins.

Numerical control is a technique for automatic
machining which has emerged from a fusion of
the computer, control, and machinery tech-
nologies. Machining or fabrication is accom-
plished by a programed sequence of instructions
in a numerical (digital) form which are inter-
preted by a controller device that directs a machine
to perform the desired operations without inter-

1 Standard Industrial Classification Manual, Bureau of the
Budget, Washington, D.C., 1947.
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vening human decisions. The digital instructions
may be entered on dials or plugboards or be re-
corded on punched cards, punched paper tape, or
magnetic tape. The operations may be a sequence
of discrete tasks such as drilling holes at desig-
nated locations or a continuous operation such as
milling a complex metal part. Control may be
over two axes or may extend to as many as six axes.

Developed in the years preceding 1953 and in-
troduced commercially in 1954, numerically con-
trolled machines have now begun to diffuse
throughout industry. The number of machines
in use is growing rapidly and the investment in
these machines is accelerating.

Automatic assembly lacks rigorous definition
and many plants using automatic techniques do
not consider themselves as assembling a product
automatically. For purposes of this report, auto-
matic assembly is defined as any operation in
which two or more parts are oriented m relation-
ship to one another so that they can be mated or
assembled and often physically fastened together,
without human intervention. The parts are fre-
quently referred to in industry as piece parts but
they could also be subassemblies composed of _piece
parts. This distinction of parts is made to
preclude confusion with the parts that may be
considered to make up a package. Automatic
packaging is not discussed in this report. Auto-
matic assembly includes the assembly of balls
and races to make ball bearing assemblies, gears
and levers to make clocks, or engine parts to make
automobile engines.

Automatic assembly has been used for years in
the manufacture of light bulbs, radio tubes, thi
cans, and some safety razors. The automobile in-
dustry achieved some automatic assembly on m-
ternal mechanisms and subassemblies several
years ago. Automatic assembly, on what must
still be considered a very small scale, did not
appear until the early 1950's. Early operating
difficulties with automatic assembly installations
retarded much further growth until the early
1960's. Since this period, the number of auto-
matic assembly installations has increased but
growth is still slow.

Numerical control is highly adapted for use
with computers which provide a large measure of
flexibility. Special-purpose hardware can often
be replaced by software (programing). From an
economic viewpoint, numerical control is used to
best advantage in small lot production, 10 to 50
pieces.

Automatic assembly, on the other hand, is eco-
nomically feasible in the mass production indus-
tries where volume is one-half to 1 million

assemblies per year. It is still largely in the
mechanical stag

ie

; machines are highly specialized
and, therefore, inflexible. Except for solated ap-
plications, as for examples wire wrapping and
specialized electronic fabrication, the assembly
process is not under computer control.

The technological and economic implications of
these two technologies are reviewed in this two-part
report : Automation in the Fabricating Industries,
part 1. Status and Potential of Numerical Con-
trol ; part 2. Status and Potential of Automatic
Assembly.

An estimate of the extent of the growth and
diffusion of numerically controlled and automatic
assembly machines in the fabricating industries
is made in this report. The implications of these
technologies during the next decade are also as-
sessed in relation to fabricating processes, employ-
ment, and skills. Specifically, guidelines are
sought for evaluating the following areas :

1. The characteristics of computer control in
the fabricating industries in regard to
numerical control and automatic as-
sembly.

2. The extent of the spread of these tech-
nologies in the fabricating industries.

3. Their possible rates of penetration in the
decade 1965-45.

4. The present and future effects of present
and, impending technological develop-
ments on employment by industry and
occupation.

5. The effects of these technologies on job
content and skill requirements.

Because the technological developments de-
scribed in this report are taking place in a dynamic
society, their effects are responsive to many com-
plex factors not directly associated with the tech-
nology. Population growth and changes in the
age distribution, the state of the economy, struc-
tural changes in the economy,and the problem of
war or peace will weigh heavily upon the impact
of numerical control and automatic assembly in
the areas cited above. It is the aim of this report,
therefore, to establish data for assessingthe effects

iof these technologies in the fabricating ndustries.
Given these data and assumptions concerning
socioeconomic developments during the next de-
cade, their implications on total employment,
working conditions, earnings, job satisfaction,
labor market, collective bargaining, and economic
institutions can be better understood within the
context of the whole economy. A socioeconomic
policy designed to modulate the adverse effects
of automation and extend the positive achieve-
ments may then be formulated.



PART 1: STATUS AND POTENTIAL OF NUMERICAL CONTROL

1. Summary and Conclusions
Numerical Control Technology

Numerical control (NC) in its strict sense is
a technique for machining. In a larger sense,
numerical control is a concept of a total manufac-
turing process in which design, fabrication,
testmg, scheduling, and management are closely
mterrelated. New loci of decisionmaking are
behig evolved and methods of information genera-
tion and transformation are undergoing ohange.
The growing awareness of this wider concept of
numerical control has the most significant impli-
cations for industry. Occupational skills will be
greatly affected, as will employment. The im-
pact of the numerical control process in the future
will paw beyond the machining industry and
permeate into many other areas of manufacturing
technology.

Because numerical control is but one facet of a
many-faceted and dynamically changing tech-
nology, its specific effects cannot be readily
measured. It is one area of advance in the general
field of automation. Its development is taking
place concurrently with important changes in the
raw materials, the machines, and competitive
processes and materials of industry. Further,
technological developments are taking place in a
complex society and their effects are responsive
to many factors not directly associated with the
technology.

NC is a new and important contributor to the
increasing productivity of machine tools that has
been evident over the years. It is generally esti-
mated that NC offers a fourfold increase in pro-
duction for a twofold increase in machine cost.
Machining time is only 20 to 30 percent of that
required for conventional machining; tooling costs
can be 70 to 80 percent lower; scheduling can be
more accurate since accurate estimates of machine
time can be obtained during comiuter preparation
of the control tapes. In addition, errors are re-
duced, repeatability is assured, and accuracy is
enhanced. Resulting inspection, quality control,
and assembly costs are thereby reduced.

The increased production of NC machines is
reducing their cost, and technological deyelopment
is increasing their production capactiy. Inas-
much as NC machine tool makers are themselves
increasingly turning to the use of NC machines,
this process has a compoundmg effect.

First Decade Growth, 1954-64

Numerical control is entering its second decade.
The first decade, 1954-64, saw the beginning If
the commercial use of NC machine tools and a
growth in the NC machine inventory to 5,100
machines with a value of $384 million. Nearly
75 percent of this growth has occurred in the 3-
year perbdt 1962-64. More than 6,000 NC ma-
chines were in use by mid-196b and it is estimated
that over 10,000 will be in use by the end of 1966.

In a period of 6 years the annual investment
in NC machines has jumped over 600 percent from
$17.3 million in 1959 to $105.5 million in 1964.
The expected expenditure of $318 million on NC
machines in the next 18-month period represents
82.8 percent of the cumulative expenditure in the
period 1954-64.

The average increase in the value of NC ma-
chines as a percent of the annual value of shipped
metal cutting machines was 1.86 percent d.urmg
the period 1959-63. In 1964, the percentEige was

iaround 12 and has been estimated at 17 n 1965.
Purchase estimates for the next 18 months suggest
this figure will rise to over 22 percent. The aero-
space industry estimates that 61 percent of their
investment in metal cutting machmes will be for
NC in 1965-66. The $60 million planned invest-
ment by machine tool makers in NC machines
represents 42 percent of their metal cutting pur-
chases.

Although the growth figures are impressive in
an absolute sense, it is necessary to evaluate them
against the background of total machine produc-
tion and total capital spending for a realistic pic-
ture of the extent of NC diffusion. In 1964, NC
machines made up less than 1 percent of the total
number of metalworking machines shipped. Ex-
cluding machines with an average value of less
than $1,000 and all metal forming machines, NC
machines comprised 2.5 percent of the remainder.
Considering capital expenditures of the fabricat-
ing industries for new machines and equipment,
NC machine value increased over 300 percent be-
tween 1959 and 1962 but was, only 2.8 percent of
the capital investment in the latter year.

The number of plants in the six fabricating in-
dustries having NC machines is estimated at be-
tween 2 to 4 percent. In relation to the more than
2 million metalworking machines in use in all
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manufacturing plants, about one-quarter of 1 per-
cent of machines are NC.

Diffusion in Industry

The Takeoff Stage. Two techniques were used
to assess the absolute growth figures of NC ma-
chines in relation to their diffusion potential. One
method was to develop a model of technological
diffusion and to identify the status of the NC
technology in regard to the model. The second
technique was to list diffusion constraints and to
estimate their restraining effects upon the wide-
spread and rapid diffusion of the NC technology.

The diffusion of a technology in industry is a
four-stage process. The first stage is the pretech-
nology or traditional stage of mdustry during
which the new technology is developed within the
framework of the old. The second stage is one of
transition ; prototype models leave the laboratory
and are established as a product line with a range
of sizes and prices for an expanding number of
applications. The third is the takeoff stage dur-
ing which a rapid diffusion of the technology takes
place. The stage of maturity completes the dif-
fusion process; the new technology becomes wide-
ly diffused and becomes a standard part of the
traditional.

For NC, the stage of pretechnology may be said
to have end.ed by 1958. The period. 1959-65 char-
acterized the transition period dnring which NC
found its way into an expanding number of manu-
facturing plants ; a greater number of applica-
tions were found, and knowledge as to the poten-
tial of NC as a manufacturing process took root.
The period beginning in 1966 will be the start of
the takeoff stage and increasing growth and dif-
fusion can be expected.

Factors which provide a basis for the takeoff
stage include :

1. A wide variety of NC machines for diverse
applications at prices customers can pay.

2. Expansion of the computer technology and
its support role.

3. Simplification of NC programing by the
widespread use of APT (Automatically
Programed Tools) and other related lan-
guages.

4. Availability of other NC services : produc-
tion centers, computer service bureaus, and
data communications.

Diffusion Constraints. The rate of diffusion is
dependent upon the aggregate of decisions which
plants make in accordance with the following cri-
teria :

1. Is the technology amenable to the unique
circuragtances of the individual plant ?

,

2. Is the technology economically feasible ;
that is, will it result in reduced costs and
increased productivity

3. Can the capital investment required for
equipment, retraining., and maintenance be
justified and obtained ?

Operating in the context of the general economic
situation, plants will be influenced in their deci-
sions by diffusion constraints. These constraints
are factors which will tend to restrain the growing
use of NC machines and impede their expansion
into all areas of the fabricating industries. These
constraints appear in the machine tool industry,
the user community, and the worker community.

The machine tool industry is a fragmented in-
dustry with many little companies surrounding a
few giants. Research investment is meager and
manufacturing methods are traditional with
small-run, custom jobs highly oriented to individ-
ual customers.

The diffusion of NC amont the 87,000 manu-
facturing plants in the six fa ricating industries
and the 142500 machine shops and 7,000 tool and
die shops is dependent upon the amenability of
the manufacturmg process to NC techniques and
the economic feasibility of NC conversion. Eco-
nomic feasibility is not determined primarily by
the size of the plant but by the nature of the plant's
production.

NC has its greatest economic potential in small-
lot size production where tooling, setup, and ma-
chining costs are high. With tape control replac-
ing fixtures, the cost of small runs is reduced. NC
may be more economical for even one or two com-
plex pieces that require contour machining.

The lead time required to obtain NC machines,
install them in plants, and train personnel to op-
erate, program, and maintain them will serve to
spread the diffusion of NC over a period of time.
Another critical constraint is obsolescence of the
manufacturing equipment and the huge amount
of capital that will be required to modernize. With
64 percent of metalworking machines 10 or more
years old and an obsolescent plant capacity which
has been estimated at $95 billion, it will take many
years for industry to renovate its plant even with
the best of intentions.

The social and economic implications of NC as
a part of automation confront the workers and the
unions with a difficult situation. The struggle
over worker satisfaction, occupational status,
changing skill requirements, and seniority will
serve as constraints in a social system in which
economic values must compete with other values
in the allocation of resources.

The future growth and diffusion of the NC
technology are dependent upon other factors which
are difficult to assess. These are the annual pro-
duction of metalworking machinery which is
highly variable, new applications for NC, and the
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changing machine mix brought about by changes
in materials and processes.

NC machines have already been introduced into
nonmetalworking operations such as welding,
filament winding, flame cutting, wiring, and draft-
ing. Future expansion is seen into new areas in-
cluding microfabrication, microassembly, and
optics. Some fabricating, transfer, and assembly
operations will also become amenable to NC .

The expanded use of hardened metals and exotic
metals and the competition of plastics and new
alloys will effect changes in machining require-
ments and costs. New methods for removing
metal include electrical discharge machining, elec-
trochemical milling, chemical milling, sonic
abrasion, chlorine machining, electron beam,
plasma arc, and laser beams. Although most of
these new processes are presently applied to situa-
tions where normal metal cutting is not feasible, a
trend to more diverse commercial applications has
begun.

Competitive methods for shaping parts, most
of which are amenable to automation and numeri-
cal control, will affect the need for machining. A
long range projection of Air Force equipment re-
quirements, for example, indicates a shift from
machining to forming and joining processes. A
50 percent decrease in the 1975 machine inventory
was projected at a cost 50 percent greater than that
of the 1964 inventory. A neaily 80 percent de-
crease in the 28,500 material-removing machines is
foreseen, although the value of the nearly 6,000
machines of 1975 vintage is expected to be nearly
the same as the total of their predecessors.

In general, it is estimated that conventional
machining methods will decrease from 5 to 20
percent under the pressure of competitive methods
and that relative manpower requirements will de-
crease by from 20 to 60 percent. The latter esti-
mate does not include further reductions arising
from numerical control techniques.

Because the protection of NC growth and diffu-
sion is dependent upon the many complex variables
summarized above, it is believed that a quantitative
estimate will not be meaningful. The number of
NC machines will grow, more and more industries
will utilize these machines, and more establish-
ments will discover other processes which can be
numerically controlled. The growth will be con-
strained by many strong inertial forces and the
large capital expenditures that will be required.

Employment Implications

The Outlook. Because NC machines will replace
conventional machines and will be built by the
same industry, a new NC industry is not foreseen.
The total number of machines being produced will
decrease as the NC takeoff gets under way because
of a 3 : 1 to 8 : 1 displacement ratio. The NC
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machine builders themselves will increasingly turn
to NC machines to cut costs of their production.
As a result, the number of workers required to
produce fewer machines with more automatic
equipment will tend to decrease.

Increased requirements for auxiliary control de-
vices and equipment will generate more demand
which can be translated into some employment
growth, subject to productivity increases within
the relevant industries. A distinctive rise in com-
puter demand stemming from NC requirements is
not anticipated.

Amongr the user community, the number of
workers directly employed on NC machines will
decrease because of the machine displacement ratio
and because one operator can often tend more than
one NC machine. The greater design freedom af-
forded by NC methods and the greater accuracy
and reliability that can be achieved will also tend
to reduce the number of workers required for as-
sembly, testing, inspection, and quality control.
Maintenance personnel required to service complex
NC machines may not be greater in number than
that presently required. Requirements for drafts-
men will decline as computer-aided design tech-
niques and automatic drafting machines gradually
take over many of the draftsman's functions.

It is doubted that the slack arising from dis-
placement of production workers will be taken up
by part programers. The output of a programer

iis ncreasing due to increasing sophistication of
NC programing languages. The increasing g ail-
ability of computer manufacture programing as-
sistance and service centers will also serve to
restrain the growth of large NC programer staffs.
More critical in this respect is the forthcoming use
of computer-aided design which may, in large
measure, bypass the part programer and directly
produce an NC tape from an internally stored
design placed in a computer by a design eng:neer
drawing lines on the screen of a graphics console.

The economic competition generated by the full
utilization of NC technology will have its effect
upon the small and inefficient machine shop, tool
and die shop, and manufacturing plant. Larger
firms will look closely at plant consolidation for
purposes of economy and better utilization of
resources.

Most directly affected by the NC technology will
be the 1,100,000 workers presently employed as
machine tool operators, machinists, layout men,
tool and die makers, and setup men. Especially
vulnerable are workers in these occupations who
are employed in defense-related industries.
These skilled workers and operatives are employed
in facilities almost wholly built for the production
of specialized equipment. Because the machines
and processes in the defense-related industries are
the result of heavily funded research and develop-
ment, NC technology will have major impact on
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these industries, and their workers will face unem-
ployment in shifts from defense spending and
disemployment from the adoption of new
technologies.

Empkyment Review. The cumulative effects of
automation in the fabricating industries in which
NC technology has only begun to have an effect can
be glimpsed from an economic review of the period
1950-64. This period has coincided with the ad-
vent of the automation era and includes the mat-
uratiln stage of computer technology and the
transition stage of NC technology.

The average annual increase in the index of
output per man-hour, one measure of productivity,
was 2.5 percent during this period : 1.8 percent
from 1950-54, 2.5 percent from 1955-59, 8.1
percent from 1960-64.

The number of craftsmen in all industry in-
creased by 1.8 million in the 15-year period be-
ginning in 1950, while their percent of total
employment decreased very little. The number
of operatives fell from 20.8 to 18.4 percent of
total employment although increasing 01 million.
Unemployment rates for craftsmen have consist-
ently been lower than the rates for all occupations ;
sevliskilled operative unemployment has been con-
sistently higher than for all occupations and 80
to 60 percent higher than for craftsmen.

In the six fabricating industries during the
period 1955-64, the first decade of NC technology,
total employment increased by only 361,000
workers. The increase, however, was in the cate-
gory of nonproduction workers which grew by
459,000 employees ; production workers decreased
by 100,000. During this period, the ratio of non-
production workers in the six industries rose from
28.8 percent of total employees to 29.3 percent, a
rise of 28 percent in 10years.

During this same period, GNP rose from $397.5
billion to $622.3 billion (values in current dol-
lars), and total employment rose from 63 million
to more than 70 million. During the period
1955-62, the six fabricating industries increased
their contribution to the GNP from $67.9 billion
to $74.1 billion (1954 dollars) with an increase of
only 95,000 workers. Thus a large expansion in
the general economy was required for the number

of workers in the fabricating industries to remain
relatively stable.

The growing diffusion of NC technology will
further affect the employment picture. Although
some disemployment will be compensated for by
the approximately 25,000 replacements required
annually for retirements and deaths, and some
workers will be absorbed by retraining and occu-
pational shifts, the key problem is employment

wth rather than stability through attrition.
y itself, NC technology does not appear to hold

promise to generate employment and will tend, in
the long run, to diminish the number of employed.
As the number of NC machines grows ancl their
use becomes more widely diffused, the rate of
disemployment will increase.

An expanding economy will not necessarily be
employment-creating in the industries amenable
to NC technology. One of the motivations for
introduction of NC, besides labor savings, is de-
creasing the cost of production by more intensive
and rationalized manufacturing methods. Hence
an expanding economy with an increasing prod-
uct demand will itself generate pre ssures to install
NC machines with their labor saving potential.

, Skill Requirements and Occupational Shifts

The number of workers Iequired by the NC
technology will not only bc) smaller than the num-
ber reguired by convcational techniques; it will
be a different work force with new *ill require-
ments. There will be au increasing need for
highly trained specialists : designers, engineers,
computer programers, tooling planners, produc-
tion schedulers, electronics and servomechanism-
oriented maintenance men. Highly trained ma-
chinists will not be required to operate the
machines under control of a tape prepared by the
specialists. Hence, there will be a downgrading
of this skill. Some machinists will be retrained to
join the team of specialists, especially in the role
of part programers.

Computer-aided design through the use of
graphics consoles and computers has the potential
to diminish the role of the part programer. In
connection with automatic drafthig machines,
computer-aided design and NC programing will
diminish the role of the draftsman.



2. Numerical Control Technology
Information and Decisionmaking

Numerical control offers a means of controlling
a manufacturing process in which technological
sophistication in machines is combined with the
imaginative skills of man. The earliest demon-
stration of numerical control in the U.S. was
achieved in 1952 at what is now the Lincoln Lab-
oratories of the Massachusetts Institute of Tech-
nology. The accomplishment consisted of direct-
ing a machine tool to move to a series of discrete
positions when given numeric commands. Al-
though the positioning accuracy of the system was
relatively low, the demonstration proved that the
process was feasible.

Subsequent development of numerical control
technology has made it possible to machine com-
plex shapes to close tolerances, achieve repeat-
ability from part-to-part, and reduce machining
time by a large factor.

The major elements of a numerical control sys-
tem are the controller and the machine tool. The
controller provides direct control of the machine
tool which, in conventional machining, is under
control of a man's hands. Man is removed one
step from physically directing the tool.

The controller accepts a numeric description of
the desired motions of the machine tool and con-
verts the numeric commands into signals, which
control motors attached to lead screws, which in
turn move the machine tool bed, or spindle, or
both. In a conventional machine tool, the signals
and the motor movements are supplied by a human
operator.

Where numerical control is used for machining,
a basic change in the decisionmaking procedure
is taking place. Very few decisions relating to
the machining environment remain after the con-
trol tape has been prepared. The selection of
machining speeds and the sequence of operations
are now determined by the designer and the part
programer ; in conventional machining, these de-
cisions were almost exclusively the responsibility
of a skilled machinist. Information generation
in the numerical controlled machining process is
thus changed, with the blueprint no longer the
respository of a part definition which a machinist
transforms into a physical object. The computer
is used extensively for both the generation of the
definition and the transformation of the defini-
tion into the detailed commands on the control
tape.

A part programer develops an abstract concept
of the part to be machined and, using special
languages, defines the desired set of motions to
the computer. The designer is no longer con-
strained by the limitations of human machinists
and can pursue solutions to design problems relat-
ing more directl3r to the intended function of the
part to be manufactured. Designs once imprac-
tical due to the limits of time and money are no w
becoming practical.

The repetitious tasks of machining are per-
formed automatically. The human operator
monitors machine performance and is responsible
for shutdown if file need should arise. He is
responsible for the accurate positioning of the
workpiece relative to the machine and for gross
inspection of the finished part.

Machines, however, cannot make judgments.
They do not adjust to new conditions nor critically
evaluate their own performance. Although re-
search is being cond.ucted on adaptive controls
to improve machining efficiency, the remaining
areas that require such human decisionmaking are
many and important.

Numerical control thus offers a new environ-
mei :. for manufacturing. New loci of decision-
making are being evolved and methods of infor-
mation generation and transformation are under-
going change in _plants which process material
flowing through them. In this environment, ma-
chines are used to execute the instructions of the
people involved in the process, leaving the people
free to explore new solutions for manufacturing
problems.

Machine Operations

The Control Function. The central element of
numerical control is the feedback principle. Feed-
back is the word used to describe the reporting
of a difference between a desired condition and an
actual condition. A simple example is the nome
thermostat : Whenever the actual temperature de-
parts by more than an acceptable amount from the
desired temperature, an electrical signal is trans-
mitted to the thermostat. This signal controls a
relay which turns on the furnace. As soon as the
actual temperature is sufficiently close to the de-
sired temperature, the thermostat ceases to trans-
mit a signal, and the furnace is shut down. The
signal generated by the thermostat is called an
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error signal, and its presence results in action de-
signed to remove the error.

Servomechanisms are devices which act to cor-
rect an error sig.nal. In numerically controlled
tools they control the motions of the machine tool
slides. When each slide is in the desired position,
no error signal is generated ; if any slide were to
depart from the desired position, an error signal
would be generated, and the servomechanism
would act to eliminate the error sipal.

The controller causes the machine tool slides to
move by generating signals that have the same
effect on the servomebhanisms as their own error
signals. They act to eliminate the error, and in
doing so, take up the new desired position. The
resolution of a numerical control system is deter-
mined by the smallest distance th.e servomecha-
nisms are able to detect. Control systems that can
resolve two ten-thousandths of an inch are now
routine.

In conventional machining, the definition of the
part desired is generally contained in the blueprint
or drawing. In the numerically controlled manu-
facturing process the blueprint is used to obtain
the control tape Which then serves as the definition
of the desired part.

The Machine T ool. Almost every kind of machine
tool has been fitted with numerical controls : mill-
ing machines punch presses lathes, drilling ma-
chines, jig bo' rers, and' griiiders. In addition,
machines not normally considered machine tools
have 'been equipped with numerical controls :
welding, filament windhig, flame cutting, drafting,
and wiring machines.

Consider a conventional drill press. To drill a
hole in a piece of material, the material is posi-
tioned under the drill, and the drill is lowered at
a speed which will tax neither the drill bit nor the
motor of the machine. In a numerically con-
trolled drill, the material is firmly attached to a
table which can move in and out along one slide
and from side to side along another slide. The
spindle containing the drill bit can move up and
down. These three directions of motion are at
right angles to each other and form the basis of a
coordinate system. Every position into which the
machine tool can be moved has associated with it
a unique set of numbers, one of which stands for
the positiontf the in and out slide, one the side to
side slide and the other the position of the spindle
slide. Tilese three numbers are called the coordi-
nates of that position of the tool. If it is desired
that the machine tool take up a certain position,
the coordinates of that position are punched into
the control tape.

Many numerically controlled tools can only cut
straight lines. These machines can be programed
to machine curved parts by determining a sequence

of linear cuts which never depart from the curved
surface by more than an acceptable tolerance.
While the curve that will be machined will really
be a sequence of straight lines, it is sufficiently
close to the desired curve to be acceptable. To in-
struct the machine tool to approximate the curve,
it is necessary to supply the coordinates of the
endpoints of the straight line cuts. Computers are
used most extensively in numerical control proc-
esses to compute the values of these coordinates
and to punch them into the control tape.

More complicated machine tools than the drill
press are in nommon use today. Four- and five-
axis machines have four or five axes of motion,
respectively, the extra coordinates indicating the
position of the additional slides. Five-axis tools
allow virtually any orientation of the cutting tool
to the piece part, eliminating intermediate setups
almost completely.

Automatic tool changing devices have been de-
veloped for different types of machine tools. Used
in conjunction with a five-axis machine, an auto-
matic tool chan,ger allows parts that once had to
be transferred from machine to machine to be
completely manufactured with a single setup. Ma-
chine tools as sophisticated as these are generally
called machining centers. Their productivity is
so high they can often replace 8 to 12 machines.
However, because they are so productive, a pre-
mium is placed upon their effective use. Careful
programing of these tools is essential if maximum
time is to be spent in the actual production of
parts.

While the servomechanisms attached to a ma-
chine tool may well be thought of as a part of the
control system, they are more often considered
part of th.e machine tool. Servomechanisms are
selected based upon the horsepower requirements
of the machine tool slides, and the nominal mass
of the machine tool. Changes can be made in con-
trol systems without changing the servomecha-
nisms.

The stability, or reliability, of the servomecha-
nisms can substantially reduce inspection costs
since the stability of the servomechanisms will
guarantee repeatability within limits generally ac-
ceptable to pass quality assurance tests. The in-
spection task is thus reduced to checking the first
part thoroughly, and subsequent parts cursorily.

The Controller. There are two types of numerical
control systems in use today : the point-to-point or
positioning control, and the continuous path con-
trol. The essential difference between the two
systems is that in the point-to-point control there
is no coordination of the motions of separate axes,
while in the continuous path control the displace-
ment along any axis is proportional to the displace-
ment of the other axes, i.e., if the x-axis has been
displaced one-half of the commanded x-axis dis-



FABRICATING INDUSTRIES

placement, the y-axis is at that same instant dis-
placed one-half of the commanded y-axis displace-
ment. Thus, in the positioning control, the pro-
gramer may not select a linear path between two
points if more than one axial displacement is re-
quired.

The configuration for these control systems
most often includes a paper-tape reader, with the
commands for the controller encoded in the per-
forations of the paper tape. Some systems in-
clude, in addition, facilities for a "manual" opera-
tion of the tool ; in this mode, the coordinates de-
sired are defined by lobositioning dials and pressing
a switch to indicate that the information indicated
in the dials is to be interpreted as a command.
Control media such as magnetic tape, plugboards,
or dials may be used as the sole input. (See ap-
pendix B for defmitions.)

The
ipositional

control finds its greatest appli-
cation n drilling, boring, and tapping operations,
where the tool is to be precisely positioned above
the work, and the operation is to be performed in-
volving only a vertical axis. In applications such
as milling, the point-to-point control has little
utility, although it is possible to decompose
straight line cuts into a sufficiently large number
of alternate axial movements so that the smooth-
ing inherent in all physical systems will result in
approximately the motion desired. Continuous
path systems, since they include both positioning
and path control, may perform the work of point-
to-point systems.

The positioning accuracy and speed of control-
lers of both types make it possible to execute ex-
tremely intricate maneuvers in a short period of
time. In a drilling operation, movements of the
tool outside the workpiece may be executed at
maximum speed, while for drilling in contact with
the workpiece, the speed lineup may be precisely
controlled. These rapid changes in speed cannot
be effected by a human operator working with a
conventional tool and are a major contributing
factor in reducing machining time.

The full resolution available from controller
manufacturers is not used extensively today.
Most positioning systems are accurate to one-thou-
sandth of an inch. Contouring systems are gen-
erally accurate to two ten-thousandths of an inch.
These resolution levels are a result of the eco-
nomics of tool procurement in which the minimum
tolerance adequate to the range of machining to
be done has been selected to keep the cost of the
control system at a minimum. The dimensional
stability of the machine tools equipped with these
controls does not allow exploitation of finer reso-
lution. Yet one controller manufacturer has an-
nounced the capability of producing a control sys-
tem with a resolution of ten-millionths of an inch.
Special control systems may be in use in defense
applications which begin to approach this level of
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resolution, but information on these systems is not
available. Numerical control may -be extended
into a limited number of applications as the ma-
chine design improvements necessary to operate
effectively at the finer resolution are developed.

Many special functions are available under con-
trol of the numeric input. Controllers are capable
of recognizing a large number of special codes
which activate special functions. Some of these
functions affect the normal operating mode of the
control. For example, circular and parabolic in-
terpolation are available ; these allow precise con-
trol of the machine tool path so that it will follow
a circular or parabolic arc instead of a straight
line. This capability is especially valuable in ma-
chining applications where the stresses that result
from the faceting normally encountered with
linear paths are not acceptable. These changes in
the mocle of the control are affected by using dif-
ferent electronic hardware to generate the cir-
cular or parabolic cuts. Other special functions
affect the operation of the machine tool or its ac-
cessories. Coolant may be turned on and off,
transfer functions may be initiated or awaited, or
particular gear ranges selected. In the specialized
machines, the current in electric welding machines
or the gas mixture in flame cutting tools may be
rep;ulated under program control.

Considerable capability is available in con-
troller hardware today since controllers are
digital/analog special purpose computers. There
has been a considerable shift toward the use of
large general purpose digital computers with their
inherent flexibility to replace special controller
functions at the machine tool. It is expected that
the demand for special controller functions will
thereby be reduced.

The Computer. The computer has served to cre-
ate an environment favorable to the development
of NC technology; it was instrumental in the early
development and use of NC, and today serves as
an important part of the NC process. Inasmuch
as a large amount of data is required for a
detailed description of conceptually simple parts,
the computer's capability to process large volumes
of data with low error rates uniquely qualifies it
for use in numerical control. The one-half to 3
million bits required to contour a typical produc-
tion part, for example, is testimony to the skilled
machinist who formerly assimilated this informa-
tion in his craft. The computer, however, can
generate more bits, store them, and sequentially
read them out to control the machining process at
less cost and with a reduced error rate. Manual
methods for preparing controls, too, are at least
twice as costly as computer methods.

The calculations required for the description of
tool paths are relatively simple but recur thou-
sands of times. The computer's ability to execute
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programs describing these calculations economi-
cally and recall them for later use is the char-
acteristic which has dictated its extensive use in
numerical control up to the present.

Part programers who work without computers
use a small number of programing techniques be-
cause they can maintain accuracy and proficiency
with only a few at a time. Part programers who
work with computers use a large number of
techniques without having to be familiar with
the mathematical operations performed by the
computer.

Special languages for defining a part have been
developed which allow the part programer to de-
scribe geometric shapes and define the motions of
a tool with respect to these shapes. The language
is nonmathematical and oriented to the informa-
tion sources of the part programer. The APT
language is the most widely used today. Some
examples from it are :

Definition of point : PPX47=POINT/2, 8
Definition of line: JPLAN=LINE/INTOF, LINE01,

LINE02
Definition of cir- CONCIR CIRCLE/CENTER,

de: PPX47, RADIUS, 1.94875

Motion along a cir-
cle to a line : GOLFT/CONOIR, JPLAN

Complrative figures for manual and computer
programing times were recently obtained by pro-
graming identical parts at two separate divisions
of a large aerospace company. The APT pro-
graming for drilling 101 holes in a disc for
example, required 1 man-hour compared io 15
man-hours required for manual programing.
Manual programing of contour turning for lathe
surface finish 18-22 microinches required 40 man-
hours while APT programing required only 4
man-hours.2

The use of numerical control might have been
much broader today if all industries had com-
puters as accessible as the aerospace industry.
The computing load attributable t.) numerical con-
trol within the largest aerospace users is about 10
percent. The only alternative to preparation of
the control tape at a remote computer center until
now has been the use of a small computer devoted
exclusively to numerical control. A limited but
fairly useful subset of the APT language,
ADAPT, is available on three small computers at
present, but is not widely used. Earlier lan-
guages, AUTOSPOT and AUTOMAP, are still
in use.

Remote data communications equipment is now
coming into practical use. A data link is estab-
lished between the offices of a user and a large
computer center. The user's input/output device

I 0. E. Jerahov, "APT's Contribution to NC Manufacturing
Efficiency," Western MaoMnetv and Steel World, Feb. 1964.

is similar to a teletype unit and leases for about
$50 per month. Common telephone lines are used
for low volume communications and station-to-
station rates apply. The input/output device is
used in much the same way as the console type-
writer of a small computer. The lower cost per
computation available with the large centralized
computer makes the arrangement economically
attractive. Widespread use of data links for gen-
eral purposes is expected within the next 2 to 5
years. Since the data link combines the minimum
capital outlays associated with the small computer
with the fast turnaround and power of the large
computer, one of the last barriers to the use of the
computer by the small shop for numerical control
programing seems ready to fall.

Productivity of Machine Tools

Productivity is a measure of a machine's capa-
bility for producing parts and the term is gifener-
ally used in a relative sense. There is no absolute
standard of productivity, nor are there units of
productivity. Nevertheless, it is a concept fre-
quently encountered in the discussion of the na-
tion's machine tool inventory. As a machine tool
ages, its productivity is generally considered to
decrease: since those characteristics of its perform-
ance which are taken to contribute to productivity
are deteriorating.

An important method for measuring changes in
productivity has been developed by pr. Lawrence
C. Hackamack of Northern Illinois University,
called the Productivity( Criteria Quotients (Pal)
rating.3 Characteristics of a class of machine
tools which contribute significantly to the produc-
tivity of a class of machines have lpeen identified,
and these productivity criteria have been devel-
oped through a survey of the industries involved.

The criteria have a direct bearing on the effec-
tiveness of the machine and are associated with
critical elements of design and construction. An
appropriate weight is assigned to each criterion.
The PCQ rating is obtained by taking the
weighted sum of the critical criteria that change in
a year and dividing by the number of machine
lines in a defined category.

Critical criteria for the category of horizontal
boring and milling machines, for example, include :
automatic controls, feeds and speeds, bed and way,
column design, clutches, less spindle drift,
horsepower, ability to hold tolerances, and addi-
tional features.

The PCQ ratings for 12 classes of machine tools
for the years 1950-64 are presented in table 1. The
total of the PCQ ratings for each year is plotted
in figure 1.

American Machinist, Special Report No. 570, 109, (12),
June 7, 1965, pp. 129-140.
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TA BLE 1. PRODUCTIVITY CRITERIA QUOTIENTS, 12 MACHINE TYPES, 1950-64 (1939=base year)
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Machine type
Productivity Criteria Quotient

1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1903 1964

Horizontal boring and
milling machines I

Vertical turret lathes I
Jig borers
Sensitive drills I
Radial drills I
Engine lathes
Turret lathes
Surface grinders I
Cylindrical grinders
Milling machines
Contour saws
Cut-off saws I

Total PC Q

172
190

94
8

32
170
188
50

145
80
63
12

216
195
N

8
82

173
208

58
145
80
63
12

220
800

94
10
32

178
213
63

145
80
70
12

222
330
94
10
82

184
225
68

150
80
77
26

242
330

94
10
82

189
253

78
155
80
77
32

276
405
124
22
67

280
811
80

180
150
77
32

8 300
435

8 187
26
75

286
848
80

202
158
77
ao

2 350
2 470
8 170

82
8 83
287
343
107
205
168

77
64

864
2 505

173
8 48

8 103
290

2 873
115
227
168
oo
72

2 382
8 630
8 196

52
8 115

309
383
118
247
174
90

2 86

8 472
645

8 253
2 70
165

8 891
8 465

152
272
198
93
oa

8 484
2 660

253
70

165
391
478
152
272
200

93
99

8 496
8 675

253

165
8395

478
154
272
200
93
99

496
2 695

253
83

165
895
490
167
272
200

93
102

504
695

8 270
96

165
8 408

505
8 180

272
204
93

105

1,204 1,284 1,417 1,498 1,572 2,004 2,169 2,356 2,528 2, 782 3,272 3.317 8,358 3, 411 8,497

I Automatic controls included in ezitical criteria.
8 Indicates year of improvements in automatic controls.

The year to year modifications in almost all of
the machine tool classes show increases inproduc-
tivity. The machine classes that include auto-
matic controls among their critical criteria are
indicated in table 1, together with the year in
which a significant improvement in this criterion
occurred. The 1965 data are expected to show a
surge in growth similar to the 1955 and 1960 data
since many improvements are announced to co-
incide with the machine tool expositions held every
5 years.

lcumerical control, classed in the PCQ ratincrs
under automatic controls is but one of the rele-
vant criteria. The PCQ 'ratings, however, do not
adequately reflect the impact of numerical control
on the productivity of machine tools since
the weighting scheme used allows a maximum
weight of three to be assigned to an improvement.
Numerical control has not yet had a sufficient im-
pact upon the manufacturing environment as a
whole for its contribution to productivity ratings
to become apparent to the industry.

The productivity criteria quotient ratings are
concerned only with individual machine tools.
However, the manufacturing environment in
which the tools are wed also determines the ex-
tent to which their potential for productivity can
be exploited. Proper scheduling of machine tool
use, the availability of adequate inventories, and
a market for the products of manufacture are
examples of contributing factors.

It has been estimated that nearly two-thirds of
the Nation's tool inventory is 10 or more years
old. Using the total PCQ ratings as a rough
measure, the productivity of the present machine
inventory can be estimated. Since the 1054 PCQ
rating was 1,572 compared to the 1964 rating of
8,597, two-thirds of the present machine tool in-
ventory are less than half PA productive, consid-
ering the 1954 new state, ao machines currently
available. This estimate does not take into con-
sideration different PCQ differentials for the

SonncE: Special Report No. 570, American Machiniet, 109, (12), June 7,
1965, pp. 129-140.

various machine classes nor the specific capabilities
of NC machines.

It is generally accepted in the industry that
numerical control offers a dramatic increase in the
productivity of machine tools. A rule of thumb
often used is that a numerically controlled tool
offers a fourfold increase in production for a two-
fold increase in cost. In fact, increased produc-
tion of numerically controllpd tnn1 41 reducing
their cost and technological development is in-
creasing their production capacity. Actual ma-
chining time for parts produced with numerically
controlled tools is only 20 to 30 percent of that
required where an operator is directly involved.
Tooling and fixture costs may be reduced 70 to 80
percent since standard fixtures applicable across
a wide range of parts may be used m place of the
complicated fixtures previously used. Machine
utilization has increased since accurate estimates
of machining time developed during computer
processing allow accurate scheduling. The over-
all error rate of the manufacturing process can be
cut in half since errors in the execution of the
design formerly due to human failure are
drastically reduced.

The increased productivity of numerically con-
trolled tools reduces labor costs per part and makes
24-hour operation of the tools profitable. The
calendar life of numerically controlled tools may,
therefore, be substantially less than for conven-
tional tools, with numerically controlled tools re-
quiring replacement in 7 to 15 years. The
shortened life cycle of numerically controlled tools
will contribute to accelerated development of NC
techniques.

Future Applications of Numerical Control

Manufacturing Applications. The current state of
the art in controller technology will allow for
considerable extension of the machines to be con-
trolled. Numerical control is now sufficiently
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Flom 1.

Productivity criteria quotient

3600

3400

3000

2600

2200

1800

1400

Total Productivity Criteria Quotients, 1950-84

1000
0 x-ifl
0% 0%

SOURCE: American Machinist, June 7, 1965.

developed so that it may serve as the b-sis for
completely new manufacturing techniques. Three
examples are microfabrication, microassembly,
and optics. Microfabrication describes the use of
well-known fabrication methods for very small
parts. The demand for miniaturization during
the next decade will be sufficient to support con-
siderable development efforts directed toward the
reduction of costs. The present techniques for the
development of solid state electronic components
and integrated circuits require carefully controlled

In
0%

0%In 04 en Net
70-

manufacturing conditions. Tooling is the term
normally applied to the preparations now made
for the production of these circuit components.
The use of numerical control in place of the chem-
ical erosion of photographically prepared mate-
rials may provide sufficient economies in tooling
and flexibility to justify its use. Microfabrication
may, thus prove to be one of the new areas of
application of numerical control.

Microassembly describes the assembly of very
small parts. The techniques now used for control
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of automatic assembly equipment may prove too
costly or unreliable for use with very small sub-
assemblies. The inadequacy of physical stops
or timing devices may be overcome by exploiting
tho positioning capability and the ability to control
the path of tools mherent in numerical control.

The manufacture of spherical lens elements is
well developed and reasonably economical. As-
pheric elements, on the other hand, are difficult to
manufacture. The use of aspheric elements in
optical systems would reduce their complexity.
With methods presently in use, the cost of the
finished system is much higher. If the position-
ing accuracy of numerical control cien be 13rought
to bear, however, the manufacture of %spheric lens
elements could be sufficiently economical to warrant
the development of the necessary manufacturing
techniques.

These examples are presented to demonstrate
that the use of numerical control in manufacturing
has room for still further expansion. In all of
these cases, the appropriate machinery and tech-
niques are still to be developed. The development
of new applications in the next decade is likely to
include a period that roughly parallels the de-
velopment that has occurred in the metalworking
industry during the last decade.

Other significant areas where numerical control
and computer-oriented techniques will develop
are general fabricating, transfer, and assembly
operations. Some of these were discussed above.
The full implications of automation in these non-
machining areas are discussed in part 2 of this
report.

Numerical C ontrol in Drafting . A few companies
are now using numerical control extensively in
the preparation of engineering drawings and blue-
prints. The complete elimination of the drafts-
man's role is not likely, although it is expected to
undergo significant change.

The initial use of engineering drawings is to
define the part to be manufactured. They mclude
a description of the materials to be used, the di-
mensional tolerances that must be maintained, and
the relationships among components. A secondary
use for engineering drawing is for later reference,
i.e., to serve as documentation for the part that
was produced.

The use of computers to produce control media
on a routine basis will have the effect of making the
graphic presentation of the part geometry un-
necessary as a preliminary to manufacture. A
simple sketch will be adequate to the needs of the
part programer. It will no longer be necessary
to detail the part on paper before manufacturing
it on the machine tool.

The definition of the part in sufficient detail to
allow the computer to prepare the control media
will have two significant byproducts : the defini-
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tion language and a computer generated drawing.
The separation of descriptive information from
the drawing itself will allow the economp gen-
eration of drawings by computer. Used in con-
junction with the definition provided to the
computer, the simpler drawing will be sufficient
documentation for engineering changes and/or
remanufacture. More immediate uses will include
a verification that the part manufactured meets
the original design intent and a definition of the
part for inspection purposes.

The draftsman may be required to augment or
clarify the computer drawing. It is most likely,
however, that only a small amount of his time will
be given over to the insertion of symbols or letters
by hand. The draftsman will use his .presenta-
tonal skills to determine how the drawing needs
to be augmented and will prepare instructions
that, upon input to a computer, will result in a
new drawing.

The techniques developed to allow the computer
based preparation of engineering drawings will
have an effect outside the manufacturing indus-
tries. Wherever the material to be presented in
the drawing is routine and repetitive, the use of
computers will allow significant reductions in cost.
For example, the preparation of street maps,
which are generally line drawings where a reason-
able level of precision must be maintained, can now
be automated with considerable cost savings. The
preparation of topographic and other maps which
require considerable skill in the use of color for
the presentation of information are not likely to
be early candidates for computer preparation.

C omputer-Aided Design. Numerical controls
make it possible to exercise control over more of
the manufacturing process than the machines.
The removal of the machine operator from the
sequence of specialists allowed to interpret the
definition of the part brings the finished part closer
to the designer's specification. The use of com-
puters in conjunction with numerical control
makes possible the creation of the control tape
almost simultaneous with the definition. As soon
as the part has been sufficiently defined so that the
remaining details may be determined on a routine
basis, i.e., where judgment is not required, com-
puter programs can be used to supply them.

If the manufacturing process is defmed as the
implementation of the designer's specification on a
routine basis, the implication is that the manufac-
turing process can be completely automated. A
more accurate definition of the manufacturing
process must take into consideration the augmen-
tation of the designer's specification at every level :
the engineer, draftsman, tooling planner, and
machinist. Each of these specialists also reviews
the design for effectiveness, economy, and feasi-
bility. It is not yet clear that any of these steps
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is routine. Even though the amount of review
required may be reduced, adequate control of the
process requires that some minimum level of
review remain.

Computer-aided design is directed toward
providmg the designer with direct access to the
computer and immediate response. The results
he obtains may be stored for later recall by him or
others. The practical realization of this objective
will provide the basis for a high degree of automa-
tion in the manufacturing process.

Until recently the designer has not been able to
obtain direct access to the computer. The lengthy
calculations necessary to determine certain details
of a design or predict its performance first had to
be programed. The results of the calculation had
to be checked for validity, and then evaluated.
The sheer volume of the computer output made it
necessary to prepare graphs which displayed the
salient information in a compact form before it
could be used. The number of steps required in
the process sometimes resulted in lcng delays be-
fore the designer could use the computer results.
Nevertheless, these procedures were used since a
design of equivalent performancc could not be ob-
tained as economically with precomputer methods.
The use of these procedures has been extensive
enough that their function is well understood and
valued by the designer.

A new device which relies upon the computer
techniques already developed for the designer
makes it possible to achieve an unprecedented de-
gree of immediacy. The device is commonly
called a graphics console. A display is traced on
a screen by an electron stream in much the same
way as the picture on a television tube is gen-
erated. The 'display is renewed many times each
second and a lingering phosphorescence reduces
flicker. The operator is provided with a light
sensitive probe which detects the momentary in-
crease in brightness when the display is renewed.
Since each portion of the display is renewed at a
slightly different time, the computer can determine
to which portion of the display the operator is
pointing. Using a probe and pushbuttons, the
operacor can indicate which calculations are to be
performed, which portion of the display is to be
analyzed, where the results are to be displayed,
and the scale and orientation of the display.

The information relating to the display can
be stored indefinitely for later use by the designer
or others. As new information is added to the
display, either through computation or direct spec-
ification, it becomes part of the information that
can be recalled later. Any part of the display
may be modified, so that several design approaches
may be analyzed and evaluated before the fmal
selection is made. The designer has a direct line
to the computer so that even very complex analyses

can be performed and displayed within a short
period of time.

Recent developments in computer technology
have made computer aided design economically
feasible. Time sharing allows a computer to
switch rapidly from task to task so that many
graphics consoles can be serviced by, a single com-
puter in much the same way as a chess master can
play ag.ainst many opponents simultaneously by
using different boards. The cost to-the individual
user is thus greatly reduced while the capabilities
of a large and powerful computer are still pro-
vided. Storage devices which enable the computer
to retrieve quickly large quantities of data are now
becoming available.

The graphics console may ultimately be used for
more than design. Additional information can be
added to the computer based description of the
part by the engineer, tooling planner, and part
programer either through direct insertion or by
calling for additional computation. As soon as
sufficient information becomes available, a control
tape can be prepared to fabricate the desired part.
In this way, various specialists, working as a team,
can augment the design while retaining effective
control through review.

Conrputer aided design is now being investi-
gated by several aerospace companies and at least
two large automotive companies.

Skill Requirements and Occupational Shifts

It was pointed out above that the significant
changes brought about by numerical control have

ibeen in the methods of nformation generation
and transformation and the loci of decisionmak-
ing associated with this information. Accord-
ingly, shifts are occurring in the occupations and
the skills required by the Ngprocess.

Because the aerospace industries have the most
experience with NC technology, we should look to
them for clues to the long range impact of NC
on skill requirements and occupational shifts. It
is not expected, however, that the experience of
this industry will transfer completely to any other
industry since part of its present shoills profile is
due to the special character of the industry.

In the conventional machining process, the de-
sign engineer, working in conjunction with a
draftsman, develops a blueprint which defines a
part to be produced. Worldng from this print,
the tooling planner devekps a set of fixtures
which will enable the machinist to manufacture'
the part on a partkular machine. The machinist,
following the blueprint raid the rough plan es,
tablished by the tooling planner in his layout of
the fixtures, manually controls the machine and
produces the finished part.

Numerical control technology requires a new
class of specialist, the part programer. The role
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of the design engineer and the tooling planner is
changed slightly, while the tasks of layout men,
draftsmen, and machinists are considerably
altered.

The design engineer, freed from the former con-
straint of manufacturing feasibility, is responsible
for developing a complete mathematical, or at
least computer-amenable, definition of the part.
He can seek an optimum solution to the design
problem with which he is presented.

The direct control of the manufacturing proce-
dures is in the hands of the part programer, who
works closely with the desigrn engineer to assure
that the design intent will be realized in the con-
trol tape. The part programer, in developing his
description of the part and the definition of the

itool path desired, s performing some of the func-
tions previously performed by the toolin.g planner.
Since fixturing in the numerical control environ-
ment is somewhat simpler than in the conventional
environmentt the part programer often selects
his own tooling from a standard collection effec-
tively bypassing the tooling planner. The t!ooling
planner, on the other hand, because he is now in-
volved only in the more sophisticated and difficult
parts, becomes more specialized.

In conventional machining, the machinist could
"fill in" some missing detail of the design engi-
neer's and tool planner's specification of the part.
Since this information cannot be supplied by the
machine operator in a numerical control environ-
ment, designs must be more explicit but need not
be more detailed. Thus, in undertaking a por-.
tion of the tooling planner's role and a portion of
the machinist's role, the part programer assumes
a significant role in the skill profile.

Since the manuscript prepared by the part pro-
gramer as input to the computer is a rigid defini-
tion of the details of the part, engineering draw-
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ings developed for documentation can be much
simpler. The part programer may be able to
specify a machine-drafted drawing of the part
without the assistance of a draftsman. This draw-
ing can be used as the basis for a draftsman to
complete details which do not relate to the part
being manufactured.

Many, tool planners and machinists have made a
successful transition to part programing. The
basic criterion for success seems to be an aptitude
for planning. Extensive mathematical training
is not necessary since the computer environment
requires only that the part programer formulate
the problem, with the actual solution left to the
computer. In-plant training courses, for example,
have retrained as part programers workers with
a high school education who have knowledge of
trigonometry, drafting, and blueprint reaUing,
and have experience in tool design, production
planning, and machine shop operations.

The machine operator need not have long years
of experience to recognize deviation of machine
tool operation from a norm. His responsibility
for the protection of the tool and the piece part
begins with the second part produced fi.om the
control tape validated by the part programer. The
NC machine operator, therefore, need no longer be
a skilled machinist.

Other functions in the manufacturing environ-
ment have not been substantially affected with
respect to.skill profile. Maintenance of equipment
seems to involve the greatest departure, since the
introduction of costly and complex electronic
equipment requires considerable technical knowl-

1. The majority of companies have had little
culty upgrading the skill of their mainte-

nance staff to the necessary level. The need for
continued maintenance is somewhat more urgent in
the numerical control environment since more
production is lost per hour of downtime.



3. Diffusion of Numerical Control

A Model of Technological Diffusion

The state of the art of numerical control has
been described in the preceding section, and re-
lated technological trenis during the next decade
were assessed. There is a long path, however, that
leads from a research and development prototype
model to a machine that is economically, feasible
in a _production plant. The problems of each of
the fabricating mdustries are different, and sub-
stantial differences exist between plants in the
subgroup classifications (see appendix A) and
also between plants producing the same product.
The manufacturing 1)rocess in a given plant may
or may not be amenable to numerical control. Cost
factors, competition, the state of presently used
equipment, changes in industrial and consumer
demand, and the introduction of new materials and
new processes will determine the diffusion of nu-
merical control in the fabricating industries.

The rate of diffusion is dependent upon the ag-
gregate of decisions which plants make in accord-
ance with the following criteria :

1. Is the technology amenable to the unique
circumstances of the individual plant?

2. Is the technology economically feasible,
that is, will its mtroduction result in sav-
ings (labor, material, work space: inven-
tory, etc.) and increased productivity ?

3. Can the capital investment required for
equipment, retraining, and maintenance be
justified and obtained ?

To arrive at a qualitative evaluation of the dif-
fusion rate of numerical control in the fabricating
industries, a model of the technological diffusion
process is first described. The model is then
studied in light of numerical control developments
during thepast 10 years coupled with forecasts for
the immediate future.

Technological diffusion in an industry is a f our-
stage process. The first stage is the pretechnology
or traditional stage of industry during which the
new technology is developed within the framework
of the old. The new technology or invention de-
velops the concept of a new product or process and
reduces it to practice. The iiivention is often the
result of the expenditure of large sums of money
for research and development. The early proto-
types are usually crude and primitive in contrast
with developments in the third stage. They are
costly but justified on the basis of present techni-
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(,al and future economic potential. Their range
of utilization is usually restricted to particular
applications. In the stage of pretechnology, the
new invention appears as a laboratory curio.

The second stage of diffusion is one of transi-
tion. The prototype models leave the laboratory
and are established as a product line in their own
right. Better models in a price and size range are
developed for an expanding number of applica-
tions. Most important, new and unexpected uses
are discovered for the technology as utilization ex-
pands and users become acquamted with the tech-
nical and economic potentials. Widespread use is
still restricted by lack of availability of equip-
ment, high costs, and unfamiliarity. Initial in-
stallation is often made on the basis of technical
necessity, management intuition, and a pioneering
spirit.

The third stage is the takeoff period. The
technological and economic potentials of the in-
vention are perceived by expanding numbers of
possible users, and skills in employing the new
technology become more widespread as equipment
becomes increasingly general purpose. More
model lines are exhibited at prices which become
competitive with older methods, and economic
justification for adaptation of the new technology
is more readily amenable to traditional manage-
ment formulas. It is during this period that an
expanding utilization of the new technology
occurs.

The fourth stage is that of maturity. The new
technology becomes rapidly diffused over the field
of its potential users as acceptance spreads. The
quality and reliability of the new technology com-
mands ever wider utilization. Manufacturing
facilities are developed for a mass market. Prices
and model lines meet varying needs and capabili-
ties. The new technology, in short, becomes a
standard part of the traditional.

This four-stage development is well illustrated
in the case of computers. The Mark I was de-
veloped at Harvard University in 1944 in the
period of computer pretechnology, and by 1948 a
dozen large scale automatic digital computers had
been "hand built" at elaborate cost and placed in
laboratories and engineering centers. Costing
millions of dollars, the computers were large, slow
in operation, and used for special applications.

In 1951 the transition stage began when the
Bureau of the Census installed its first commer-
cial computer. By the end of 1954 nearly 2,700
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computers had been installed, the product of 10
manufacturers. The concurrent technological
revolution in solid state devices namely, the tran-
sistor, led to smaller, faster, arid cheaper general
purpose computers.

By the close of the 1950's, computer technology
had entered its takeoff stage with nearly 10,000
computers installed in various industries and ap-
plications. At the end of 1963 the computer in-
dustry offered over 100 different models manu-
factured by 25 companies and had achieved an
annual sales volume approaching $2 billion.
Nearly a million people were engaged in computer
design, development, operation, programing, and
maintenance.

At mid-1965, computer technology is entering
the stage of maturity as the number of computers
installed approaches the 28,000 mark (over 11,000
unfilled orders) 4 and the area of utilization
reaches into all facets of industry and commerce.
The small computer (renting for below $12,000
monthly) is the fastest growing segment of the
industry and accounts for 89 percent of the total
installations, up from 75 percent in 1955. Medium
computers now account for 7 percent, 'and large
computers represent only 4 percent of the total, a
decrease from the 1955 figure of 16 percent. The
third generation computers which stress modu-
larity and time-sharing are being associated with
the rapidly expanding technology of data com-
munications. Predictions for 1970 estimate
100,000 computers in use in the U.S.5

Numerical Control 1954-64

The first prototype numerically controlled
machine was developed at MIT under Air Force
sponsorship in 1952. During the period 1954-58,
193 NC machines with a value of over $31 million
were shipped. In the single year 1959 the 203 NC-
machines shipped exceeded the figure of those that
were shipped in the wevious 5 years. The figure
doubled in 1960 and has increased continually in
succeeding years, reaching 1,517 NC machines
shipped in 1964. The total for the 11-year period
is 5,100 machines with an aggregate value of $384
million. Detailed figures including a breakdown
by type of numerical control and by type of ma-
chine appear in table 2. (See appendix B for
definition of types of numerical control.)

In the first 5 years of NC, 3.8 percent of the
total number of NC machines shipped through
1964 were produced. During 1959-61, 22.0 per-
cent of the total were produced, and in the last
3-year period, 1962-64, 74.6 percent of the 5,100
were produced.

Monthly Computer Census, Computers and Automation, Sept.
1965.

* Computer Design, Apr. 1964.
200-754-86vol. I 21
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Investment in controls amounted to 29.4 percent
of the cumulative investment over the period 1954-
64. Controls are often manufactured by a differ-
ent manufacturer than the machine tool maker
and are assembled into an integrated system by
the machine tool maker.

Point-to-point positionin_g machines comprised
the bulk of the shipped machines, 71 percent of the
11-year total. The more sophisticated continuous
path machines constituted only 12 percent of the
total. The 613 continuous path machines had an
average cost of $198,100 compared to an average
cost of $50,800 for the point-to-point machines.

Nearly half of the total NC machines shipped
during the 11-year period were drilling machmes
with an average cost of $31,300. The 834 NC
boring machines were second in total quantity,
averaging $104,200 per machine. Costing an aver-
age $128,800, the 813 NC milling machines were
third in total quantity. The average NC lathe
cost $98,800.

The above figures (which include cost of con-
trols) are indicative of the cost differentials of
NC machines in both type of machine and control.
Although reductions in average costs are already
noticeable, in general, the cost of an NC machine
is still much greater than its conventional
counterpart.

The cumulative total of NC machines shipped
during 1954-64 is graphed in figure 2 together with
the d.ollar value of the annual shipments. By
mid-1965 more than 6,000 NC machines are esti-
mated to be in the field. The total is expected to
increase more sharply by the end of 1966, when
an expenditure of $318 million in an 18-month
period is expected to produce an inventory of over
10000 NC machines 6

In a period of 6 years the annual investment in
NC machines has jumped from $17.3 million in
1959 to $105.5 million m 1934, an increase of over
600 percent. The expected expenditure in the
next 18-month period of $318 million represents
82.8 percent of the cumulative expenditure in the
period 1954-64.

Although the rapid growth of NC machines is
impressive in an absolute senw it is instructive
to view this growth against the background of the
total metalworking machine7 output. The total
number of machines shipped in the years 1959-64
is shown in the left-hand section of table 3.

Beginning in 1959, the first year for which
annual NC figures are available NC machines
constituted 0.10 percent of the iotal output of
metalworking machines. This percentage has in-
creased every year since 1959, and in 1964 NC
machines made up 0.72 percent of the total. Al-
though the percentage has increased more than
seven times in the 6-year period, the percent of

American Machinist, 109, (18), Aug. 30, 1985.
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TA BLE 2. SHIPMENTS OF NUMERICALLY CONTROLLED MACHINE TOOLS BY TYPE OF CONTROL AND TYPE OF MACHINE,
1954-64

195448 1 1959 1 1960 1 1961 I

Item Num-
ber

Value of shipments
(81,000) Nuns-

ber

Value of shipments
($1,000) Num-

ber

Value of shipments
($1,000) Num-

ber
ma*

chines

Value of shipments
(41,000)

ma
chines M achines

+
controls

Controls
only

!Der
chines Machines

+
controls

Controls
only

Mb.
chines Machines

controls

Controls
only

Machines
+

controls

Controls
only

Total NC machines. 193 31, 198 6,951 203=I= 17, 803 4, 817 402 34, 728 9, 397 518 48, 335 11, 8791=== ======= ==========
By type of numerical control:

Point-to-point positioning 85 4,996 1, 456 122 7, 455 2,444 278 19, 003 8, 949 ; 1.: 21, 140 7,518Continuous path activated by
tape or punched card . 71 29, 448 5, 210 39 0, 742 1, 960 34 4, 974 1, 863 64 8, 892 3, 182Dial or plugboard type or prem.,
corded motion program control._ 37 5, 752 283 42 3,106 213 90 10, 749 585 146 18,303 1.1811=====By type of machine:

Boring machines. 36 8, 853 1,018 42 8, 632 982 100 8, 379 2, 535 126 12, 733 8,915Drilling machines. 43 1, 749 406 77 2, 883 947 142 5, 815 1,980 183 7, 680 2, 790Milling machines 68 20,282 5,215 GO 7,922 2,502 94 10,658 4,316 76 10,054 8, 712Lathes 66 2, 577 978All other } 48 5,312 812 24 2, 860 188 68 9, 874 ma { 77 15.291 488

1962 I 1963 1 1964' Totel 195444

Value of shipments Value of shipments Value of shipments Value of shipmentsNum- ($1.000) Num- ($1,000) Num- 01.0001 Num- 01,000ber ber ber berMO MEM ma Meechines Machines Controls chines Machines Controls chines Machines Controls chines Machines Controlsonly only + only + onlycontrols controls controls controls

Total NC machines. 1,047 68, 788 21, 596 1, 220 88, 569 29,460 1, 517 105,475

_
29, 224 5, 100 384,892 118, 124=I=

By type of numerical control:
POint-to-point positioning 779 88, 005 12, 75i 908 46, 248 17, 852 1, 145 52, 869 14, 965 3, 623 184, 216 63, 488Continuous path activated by

tape or punched card 111 29, 871 6, 006 122 23,366 8, 808 172 36, 683 11,281 813 121,476 88,858Diet or plugboard type or pram-
corded motion program control 157 10,412 2,238 192 13,955 3,802 200 16, 423 8, 028 864 78,700 10.830

,By Vpe of machine:
Boring machines 148 15, 364 4,788 184 20, 588 7, 112 198 21, 856 5,714 884 86,905 27,064Drilling machines 608 16, 019 5, 597 637 18, 502 7, 311 821 25, 094 7, 889 2, 511 78,742 27,900Milling machines 100 16, 468 5,020 142 21, 455 3,427 273 17, 954 8, 956 813 104, 793 84, 148Lathes 123 6, 665 2, 518 192 11, 882 4, 608 146 81,654 9, 477 548 M. 137 17, 864All other 68 8, 872 1, 673 66 11, 142 2, 102 79 8, 417 1, 208 894 59, 815 6, 148

I Series BDSAF-630(63)-1.
I Series M35W(64)-5.

Source: Bureau of the Census, Current Industrial Reports.

NC machines constituted only a tiny fraction of
the total number shipped in 1964.

To interpret better the small percentage of
metalworking machines that are NCI:the figures
of table 4 are presented. Machines with an aver-
age value under $1,000 are classed as light indus-
trial machine tools. Those with average value
of $1,000 or over are classed as heavy, general-
purpose metalworking machinery. In 1963, only
86 percent of the total metalworking machines had
an average value of $1,000 or over, the categou
which would include NC machines. The 48,7T1
metal cutting machines with an average value of
$1,000 or over constituted only 25.4 percent of the
191,992 metalworking machines shipped in 1963.
Inasmuch as most NC machines were of the metal
cutting type and cost, on the average, more than
$1,000, it is more meaningful to consider the rela-
tion of NC machines to this figure. The 1963

figure of table 3 would then be revised to 2.5 per-
cent instead of 0.64. The percentage figures for
other years would also be increased by relating
NC machines only to those metal cutting machines
with a value of $1,000 or over.

Table 5 shows the value of shipments (including
exports) of metalworking machinery, by class of
product, for the years 1954-64. In 1964 less than
7 percent of the total number of machines were
exported. It is noted that the total value for all
metalworking machinery dropped over a half bil-
lion dollars in the recession year of 1958, and
by 1964 had not yet returned to its prerecession
figure. The 1964 total of $1.21 billion, $875 mil-
lion for metal cutting machines, marked a con-
siderable increase over the preceding year. Metal
cutting machines account for approximately 70
percent, on the average, of the total value of metal-
working machines.
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runner 2. Cumulative Total', and Value of Annual Shipmenta Numerically Controlled Machine Toole, 1954-64
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TABLE 3. NC MACHINES AS PERCENT OF TOTAL MACHINES SHIPPED, VALUE OF SHIPMENTS, AND EXPENDITURES FOR
NEW MACHINERY IN FABRICATING INDUSTRIES, 1959-64

Year

Machines shipped Shipments value Expenditures for new ma-
chinery and equipment

Percent NC Percent NC Percent NC Total ' Percent NC
Total NC NC (81,000) total metal

cutting
(81,000) value

1959 1 196, 701 203 0. 10 $17,303 2. 55 3. 60 $1,907,809 0.91
1960 3 183,142 402 . 22 34,726 4. 47 6. 44 2, 098, 572 1. 68
1961 ' 170,755 518 . 30 48, 335 6. 32 9. 10 1,974,162 2. 45
1962 4 192,958 1, 047 . 84 63, 788 7.36 10. 18 2, 270, 837 2. 81
1963 ' 191,992 1, 220 64 83,569 9. 08 12. 97
1964 I 212, 195 1, 517 . 72 105, 475 8. 74 12. 06

I Serie. M35W-09, July 19, 1960.
I Series M35W (60)-5, July 7, 1961.

Series M35W (61)-6, July 5, 1962.
Series M35W (6.4)-5, Aug. 0, 1963.

I Series M35W (63)4, July 8, 1964.

TABLE 4. TOTAL SHIPMENTS OF METALWORKING MA-
CHINERY BY AVERAGE VALUE AND CLASS OF PRODUCT,
1963

Class of product

Machinery shipped

Quantity Value (in
thousands)

Metalworking machinery, total-

Average value under 81,000
Average value $1,000 or over

191,992 8919,884

122,788
69, 204

31,445
888,439

Metal cutting type, total 138,306 644, 412

Average value under $1,000 89, 515 22, 407
Average value $1,000 or over 48, 791 622, 005

Boring machines _ 1, 733 66,851
Drilling machines 24, 295 50,160

Average value under $1,000 20, 521 4, 041
Average value $1,000 or over 3, 774 46,119

Gear cutting machines:
Average value $1,000 or over 1,201 36,141

Grinding and polishing machines 52,070 134,246
Average value under 81,000 39, 516 4, 886
Average value $1,00. or over 12, 554 129,360

Lathes 18, 476 149, 760
Average value under $1,000 7,311 4, 257
Average value $1,000 or over 11,165 145, 503

Milling machines 16, 670 105, 810
Other machines 23, 861 101, 444

Average value under $1,000 17,353 6, 485
Average value $1,000 or over 6, 508 94,959

Metal forming type, total 53, 686 275, 472

Average value under $1,000 33, 273 9, 038
Average value 81,000 or over 20, 413 266, 434

Presses 27,834 132, 020
Forging machines 695 19,538
Punching and shearing machines 5,863 39,030
Bending and forming machines 12, 738 37, 278
Other 6, 556 47,606

SOURCE: U.S. Department of Commerce, Bureau of the Census, Current
Industrial Reports, Series M35W(63)-5.

A comparison which takes into consideration
values of the machines shipped is shown in the
middle section of table 3. It is noted that whereas
NC machines comprised only 0.10 percent of the
total number of machines shipped in 1959, their
value was 2.55 percent of the total shipment value
and 3.69 percent of the metal cutting value. By
the end of 1963, NC machines constituted 9.08 per-
cent of the year's total expenditure on metalwork-

Series M35W(64)4, Sept. 21, 1965.
Column sum of table 6.

Boum:: U.S. Department of Commerce, Bureau of the Census, Current
Industrial Reports.

ing machines and 12.97 13ercent of the metal
cutting value. In 1964 the percentage dropped
slightly to 8.74 of the total value and 12.06 of the
metal cutting value.

The expenditures for new machinery and equip-
ment in the six fabricating industries are shown
in table 6. The transportation equipment indus-
try, which includes the aerospace and automotive
industries, shows the largest expenditures and is
followed by the machinery ind-ustry. Total ex-
penditures ranged from $1.9 billion in 1959 to
$2.2 billion in 1962.

The increasing percent of expenditure on NC
machines is shown in the right-hand section of
table 3 where the total value of shipments of NC
machines is considered as a percentage of capital
expenditures for new machinery and equipment in
the six fabricating industries. The percentage
rose from 0.91 percent in 1959 to 2.81 percent m
1962, an increase of 308 percent in 4 years.

How extensive is the diffusion of NC machines
in the fabricating industries? Table 7 shows the
distribution of manufacturers' shipments of NC
machine tools by major industry, group and type
of control for the 10-vear period 1954-63. Over
43 percent of the total, 1,543 NC machines, were
absorbed by the makers of machinery (SIC code
group 35). The manufacturers of transportation
equipment (SIC code group 37) absorbed 24 per-
cent of the total output of NC machines. The
remainder of the NC machines were distributed
among the many subgroups of the remaining fab-
ricating industries.

It is not surprising to find the largest number
of machines located in the aerospace (aircraft)
industry. These 629 NC machines, 17.5 percent
of the total number of NC machines with a value
of 24 percent of the total value, include the largest
and most advanced NC machines that have been
developed. Begun with an Air Force subsidy, the
NC program has become an integral part of the
manufacturing process and has been further ex-
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TABLE 5. VALUE OF SHIPMENTS (INCLUDING Expowrs) OF METALWORKING MACHINERY, BY CLASS OF PRODUCT, 1954-64
(THOUSANDS OF DOLLARS)

Product
elate
code

Clam of product 1954 1955 1956 1957 1958 1950 1960 1961 1962 1963 1964

38411
86412
88418

85414

85415
35416
85417

85422
85423
35424
85425
85428

Metalworking macbinerY,
total.

Metal cutting type, total

Boring machines
Drilling nuichinps
Gear cutting and finishing ma-

chines
Grinding and polishing machines

(except geaMooth grinding. lap-
ping polishing, and buffing
machines)

Lathes
Milling machines
Other metal-eutting type machines

(except those designed primarily
for home workshops, laboratories,
garages, etc.)

Metal forming type, total....

Presses, including forging
Forging machines (except presses)
Punching and shearing machines._
Bending and forming machines_ . _ .
Other metal-forming type machines.

1, 229, 207 981,163 1, 275,942=
891,812

1, 291, 692
=======

873, 847

671.907=
462,934

679, 838
MEC 1111=

468, 777

777, 502
===1M11111

539, 840

764, 463=NI=
431, 343

867, 209 919, 884
INCIIII=IIMIC:

644, 412

1, 207.106
MIIIM=1111111

874,467879. 020 665, 791
8=1:111111ME

825, 838

114,443
86, 066

48, 111

154, 288
206, 886
122, 518

148, 708

77,872
53, 805

86, 565

123, 899
153, 295

89, 573

131, 292
======

295, 372

101, 838
65, 370

49,880

172, 803
217, 054
115,817

169, 550=
384, 130

101,976
66, 272

88,944

165, 098
199, 752
154,978

168, 882=====
403,245

51, 563
80, 023

22, 661

89, 867
98, 679
89,815

81,826=mu
208,973

45, 248
83, 412

24, 682

93,820
119, 478

73, 275

77, 862=
210, 761

45,989
38, 873

34, 800

116,972
135, 403
79, 438

87,406
sww===

238, 352

51, 647
86, 824

80,403

121, 018
125, 488
78, 710

85, 358
alm=====
233, 110

61, 866
58, 228

35,851

127,960
152, 271
95, 787

100,370=no=
240,436

66,851
55, 100

86, 141

184,246
149, 760
105, 810

101,444

74, 056
72, 264

47.113

175, 885
198, 089
125, 798

181,262

350, 247
1=2=

275, 472
somos====

832, 689

215, 877
24, 412
26, 849
35, 573
47, 536

175, 796
15, 599
211, 852
35, 849
44, 276

245, 149
15, 489
84,895
48,772
44,825

238, 774
24, 714
88,315
48, NO
67, 682

76, 501
17,387
31,967
82, 127
50,991

84, 578
17, 900
29, 862
85, 698
42, 728

104,971
21, 057
82,871
84, 274
45, 179

III, 883
15, 816
83, 262
82, 497
40, 162

109, 555
23, 706
84,467
28, 995
43, 715

132, 020
19, 538
39, 030
37, 278
47, 606

33, 241
42, 698

169, 511
23.085
64.104

Source: U.S. Dept. of Commerce, Bureau of the Census, Current Industrial Reports, Series M35W(63)-5, (64)4.

TABLE 6. EXPENDITURES FOR NEW MACHINERY AND
EQUIPMENT, FABRICATING INDUSTRIES, 1959-62

Industry group
Expenditure ($1,000)

1959 1980 1961 1962

Fabricated metal products 8357, 404 $360,430 $314,327 090, 213
Machinery 470, 301 518, 230 490, 483 535,945
Electrical machinery 375, 188 448, 982 423,990 470,394
Transportation equipment 479, 113 537,887 509, 244 592,918
Instruments 108, 746 117,151 113,834 129, 787
Miscellaneous manufacturing_ 119, 057 118, 092 122, 784 145, 630

SOURCE: U.S. Department of Commerce, Bureau of the Census, 11161
Annual Survey of Manufactures, Chap. 5, table 1, p. 308.

tended by the aerospace industries. The intricate
problems of assembly, fine tolerances, the need to
maximize strength-to-weight ratios, and the in-
creasing utilization of exotic and hardened metals
are factors that have led to the diffusion of NC
in this industry. Engineers had already become
familiar with computer-oriented design and pro-
duction processes, and the extension of the com-
puter to NC was a further development along
these lines.

The second largest group of users of NC ma-
chines is the metalworking machinery industry
and, indeed, it would be strange if the makers of
automatic machines were not to use automatic ma-
chines. Leaving aside the philosophical question
raised by this development-Can machines repro-
duce themselves l-the machine toolmakers have
entered the path that leads to the automation of
their own manufacturing processes.

As a background for evaluating the distribution
of NC machines among the various industries,
table 8 shows the number of plants with 20 or more

employees in the same industry groups (1963 fig-
ures) as table 7. If we assume that each NC
machine of table 7 was shipped to a separate fac-
tory, then, over all, less than 10 percent of the fac-
tories would have received at least one NC ma-
chine. This would be an upper bound on the
present diffusion of NC machines in the fabricat-
ing industries. Since the one machine per factory
is not a realistic assumption, inasmuch as concen-
trations of machines appear in aerospace, automo-
tive, and metalworking machinery plants, the ac-
tual diffusion is over perhaps 2 to 4 percent of
the fabricating industry plants.

Considering all the manufacturing plants in the
United States with their more than 2 million
metalworking machines, the estimated 6,000 NC
machines in operation at mid-1965 constitute only
0.28 13ercent of the total number of metalworking
machines in use.

Numerical Control, 1965-75

1965-66 Period. The rise in spending for NC
tools will be spurred by the more than 100 NC ma-
chines that were displayed at the quintennial ma-
chine tool show in Chicago in September 1965.
The large variety of machines displayed, the ver-
satility of their applications, and the range of
prices, offered many technological and economic
advantages to prospective purchasers. A recent
survey of machine tool buying plans conducted by
the American Machinist magazine 7 corroborates
the expected diffusion of NC machines.

I American Machinist, loc. cit.
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TABLE 7. DISTRIBUTION OF MANUFACTURERS' SHIPMENTS OF NUMERICALLY CONTROLLED MACHINE TOOLS BY MAJOR
INDUSTRY GROUP, BY TYPE OF CONTROL, 1954-63

Industry
group Description

Shipments

Total 1954-63 Point-to.point
positioning control

Continuous path
control

Dial or plugboard
type or prerecorded

motion program
control

Number Value of Number Value of Number Value of Number Value of
of shipments I of shipments I of shipments I of shipmentsI

machines ($1,000) machines ($1,000) machines ($1,000) machines ($1,000)

Total 8, 588 278, 917 2, 478 181, 847 441 84, 793- 664 62,277
nime=immo=1=11=

135 12, 740 75 5, 410
=IC=

43 6, 188 1, 14219 Ordnance and aooessories 17 :a=
sa Primary metal Industries 29 2, 595 (1) (1) (1) (1) (1) (1)

34 Fabricated metal products, total 278 22, 298 191 12, 564 85 5, 742 47 9, 992

341, 842 Metal cans; outlery, hand tools, and hardware_ 127 10, 882
348, 844, 345,

846.
Heating apparatus, structural metal products,

screw machine products, and metal stamp-
ing&

103 9, 491 191 12, 564 33 5, 742 47 2,992

848- Fabricated wire products, n.e.o 2 11 892 .
849 Fabricated metal products, n.e.o 2 82 1, 588 ====
ms Machinery, except electrioal, total

=====
261
=a

15, 4221, 548 87, 630 1, 182 59, 248 93 11, 980

351 Engines and turbines 94 11, 790
852 Farm machinery and equipment 52 a 829 586 84, 862
858 Construction and like equipment in 10, 225
854 Metalworking machinery 490 27, 658
835 Special industry machinery 221 10, 903 95 11, 980 261 15, 422
856 General industrial machinery 248 12, 492 419 17, 680
357 Ofiloe maohines, n.e.o 2 83 2, 558
ES-- Service industry machines 26 1, 398 184 7, 206
859 Machine shops 178 5, 795

86 Electrical muchinery, total 335 18, 042 293 14, 157 16 2, 680 26 1,255

861 Electrio distribution products 29 1,820
862 Eleotrio industrial apparatus 82 5,878
868, 864 Household appliances; eleotrio lighting and

wiring_equipment.
89 1, 597

885 Radio, TV, receiving equipment 12 893 293 14, 157 18 2, 830 26 1,255
888 Communication equipment 118 6, 187
887 Electronic) components and &memories 35 1, 165
869 Electrical products. n.e.o 2 25 1, 502

37 Transportation equipment, total 859 100, 083 483 30. 738 222 51, 992 152 17, 353

871 Motor vehicles and equipment 194 18, 344
872 Aircraft and parts 629 78, 844 485 80, 738 222 51, 992 152 17, 858
878 flaword boats 19 1, 810
374... d equipment 17 1, 283

38-- Instruments and related products, total_ a 3. 235 55 2, 433 (1) (1) (1) (1)

381 Scientific instruments 81 1, 523
882 Mechanical measuring devices_ 24 1, 253
383, 884, 888,

887.
Optical, surgical, and medical instruments;

photographic equipment ; and watches.
13 459 55 2,433 (1) (1) (9 (1)

All other, including exports, educational Insti-
tutions, and U.S. Government facilities.

341 89, 274 (2) (1) (1) (1) (1) (1)

I Represents value of machines and value of controls.
I Withheld to avoid disclosing figures of individual companies.

Not elsewhere classified.

In the 18-month period ending December 1966,
American industry is planning to spend $1.8 bil-
lion on metalworking machines. Of this amount,
$1.4 billion will be spent on metal-cutting ma-
chines, the remainder on metal-forming machines.
More than 70 13ercent of the new machines (includ-
ing NC) to be purchased by plants with 100 or
more employees will be used to expand production
capacity i 64 percent to be purchased by smaller
plants will be used to replace older machines.

Survey results indicate a planned expenditure
of $318 million on NC machines in the 18-month
period. As indicated earlier, this sum is 82.8 per-

Sumter: U.S. Dept. of Commerce, Bureau of the Census, Current Industrial
Reports, Series BDSAF-830(63)-1 Aug. 28, 1984.

cent of the total expenditure for NC machines in
the preceding 11 years. Of equal significance is the
fact that this expenditure represents 17.6 percent
of the total planned expenditure on all metalwork-
ing machines and 22.7 percent of the planned
exRenditure on metal cutting machines.

The estimated NC expenditures by industries
over the 18-month period are detailed in table 9.
The greatest 13lanned expenditure for NC ma-
chines is by the aerospace industries with nearly
one-third of the total expected investment. Sixty-
one percent of their investment in metal-cutting
machhies will be for NC. Second largest invester
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TABLE 8. NUMBER OF PLANTS WITH 20 OR MORE Ens-

PLOYEES IN FABRICATING AND RELATED INDUSTRIES,
1963

Industry group Number of
plants

Industry group Number of
plants

19 153 36 4, 729
83 8, 863 361 864
34 9, 821 862 586

341442 1,026 363-364 1, 180
843-346 6,835 365 253
348 546 367 1, 059
349 1, 089 369 422

35 8, 395 37 2, 881
851 105 371 1, 237
352 561 372 700
353 984 373 469
354 2, 053 874 69
855 1, 194 38 1. 889
858 1, 201 381 258
887 266 382 806
858 642 383,4,6, 7 708
859 1, 889 39 3,618

Total 34, 044

Sonacz: U.S. Dept of Commerce, Bureau of the Census, 190 Census of
Manufacturers, Series MC63(P)-3, Deo. 1964 (revised).

in NC machines will be the metalworking ma-
chinery industry, which plans to purchase over
$60 million of NC machines representing 42 per-
cent of their total metal-cutting machinery pur-
chases. The first and second positions in NC in-
vestment thus continue the pattern established in
the first 11 years of NC.

TABLE 9. ESTIMATED NC EXPENDITURES BY INDUSTRIES

Industry

Percent
planning

pur-
chases

Planned
expendi-

tures

Percent
of total
cutting

Eur-

Average

ptifit

Farm machinery 8 $1, 300, 000 4 $5, 000
Coneruction, mining, MH

equipment 24 23, 100, 000 52 25, 700
Engines, general industrial

equipment 17 14, 900, 000 7 15, 000
Metalworking machinery 20 60, 100, 000 42 37,900
Special industry machinery.... 21 20, 600, 000 27 25,290
Office and service machines
Stampings , structural products 4 3,800, 000 10 4, 200
Fabricated metal products 5 23, 100, 000 6 4, 100
Electrical equipment 15 15,800, 000 17 17,300
Communications, electronics- 28 16, 400,000 44 43, 200
Motor vehicles and parts 5 8, 400, 000 3 1, 400
Aircraft, ordnance 38 109, 200, 000 61 142, 000
Precision instruments 18 13,100, 000 29 11, 900
Job shops, metals, miscellane-

ous 9 13, 300, 000 25 26,800

Total 13 818, 400, 000 22 21, 600

SOME: American Machiniat,109, (18), Aug. 30, 1985.

The construction, mining, and materials-han-
dling industries (SIC code group 353), which pur-
chased 3.66 percent (in value) of the 1954-63 NC
output, is expected to account for 7.26 percent of
the value of the NC machines to be purchased in
the coming 18-month period. The metalworking
machinery industry will increase its percentage of
the value of NC machines from 9.92 percent pur-
chased in the 10-year period to 18.88 percent to be
purchased in the next 18 months. Aircraft (com-
bined in table 9 with ordnance) will go from 32.84

to 34.30 percent. Special industry machinery
plants (SIC code group 355) will nearly double
its 10-year expenditures in the next 18 months with
a planned expenditure of over $20 million. Plans
of the automotive industry are cloaked in competi-
tive secrecy and the purchase estimates are not con-
sidered to be realistic.

An indication of the growing acceptance of NC
machines is the fact that 18 percent of the respond-
ents of the 1965 survey either had or were planning
to purchase NC machines. Only 2 pncent were in
this category in the 1960 survey. For 41 percent
of those planning to invest in NC machines, this
will be their initial NC purchase. The interest in
NC machines is not restricted to the large plants,
for a breakdown of the projected newcomers to
the NC machine field shows small shops with 20
to 49 employees comprising 67 percent of this
group.

The larger industries, howevert will continue
itheir role as the largest nvestors m and users of

NC machines. This is clearly shown in table 10,
where estimated expenditures for NC machines
are grouped by plant size. In the percentage of
companies planning NC purchases, the planned
expenditures, and the average investment in NC
machines per plant, the larger plants predominate.

TABLE 10. ESTIMATED EXPENDITURES FOR NUMERICAL
CONTROL MACHINES B Y PLANT SIZE, JUNE 1965 TO
DECEMBER 1966

Number employees
Percent

planning
purchases

Planned
expenditures

Percent
of total
cutting

purchases

Average
per plant

1.000 and over
500-999
100-499
50-99
20-49

Total

48
35
18
7
4

$133,900, 000
54,900, 000

109, 100, 000
11, 700, 000
8, 800, 000

35
27
21

6
6

$153, 700
71, 000
25,800
2, 000
2, 700

13 318, 400, 000 22 21, 600

Source: American Mac6inist.109, (18), Aug. 30, 1965.

Diffusion Constraints. Before estimating future
growth in the remainder of the decade through
1975 it is necessary to review what may be called
diffusion constraints. These constraints are fac-
tors which will tend to restrain the growing use
of NC machines and impede expansion into all
areas of the fabricating industries. The con-
straints must be carefully considered in assess-
ing the implications of NC machine use on
employment.

The diffusion constraints are discussed below in
relation to (1) the machine tool industry ; (2) the
manufacturing ( user) community ; and (3) the
worker.

1. The maeMne tool industry. The machine
tool industry consists of about 900 establishments.
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Approximately 425 companies specialize in the
production of metal-cutting and metal-forming
machines. More than 400 different machine tools
are produced by the industry, with 25 firms ac-
counting for 75 percent of the total product.

Summarizing a study that had been made of
technical innovation in .American industry, D. A.
Schon, consultant to the Office of Technical Serv-
ices, characterized the machine tool industry as
follows : 8

1. Makes little investment in research and develop-
ment compared to the average manufacturing com-
pany. Only six firms conducted research in 1963.
For every $1 million of production, 3 man-months
of R. & D. were invested. This compared with 12.2
man-months for Western Europe.

2. Shows a low profit picebre.
3. Has a considerable unused capacity.
4. Is a fragmented industry with many little cora-

panies surrounding a few giants.
5. Production has a small-run, custom job orienta-

tion geared to individual customers.
6. A strong traditional emphasis on present methods

and machines.

These characteristics constitute an aggregate of
inertial forces which will serve as a brake on the
future growth of the NC machine tool industry.

PatternR and Problems of Technical Innovation in American
Industry, Part g: The Machine Tool Industry, Arthur D. Little,
Inc., September 1968, reprinted as Part 5, appendix III of Role
and Effect of Technology in the Nation's .6conotny, hearings,
Subcommittee on Small Business, Washington, D.C., 1964, part I,p. 105.

2. The manufacturing (user) commmity. The
manufacturing community, the potential user of
NC machines, is a highly heterogeneous collection
of manufacturing establishments. Table 11 shows
the number of establishments in the six fabricating
industries as recorded in the 1958 Census of Manu-
factures. The distribution of plants within each
of the fabricating industries by the number of
employees is given together with the total number
of em_ployees in each size classification, the total
payroll, and the capital investment. Table 12
shows the number of machine shops and tool and
die shops distributed among the fabricating indus-
tries in 1958.

A realistic estimate of the diffusion rate of NC
machines in the more than 87,000 plants included
in table 11 and the 14,511 machine shops and 6,992
tool and die shops of table 12 would require a
detailed analysis, at a minimum, of the operating
and economic characteristics of the many indus-
trial subgroups in each major industry, according
to product line and size of plant. The factors to
be assessed for each subgroup include the following
industry restrictions ana economic constraints.

a. The amenability of the manufacturing proc-
ess to NO techniques

The product line, volume of production, and
fabrication methods which technologically pre-

TABLE 1 1. MANUFACTURING ESTABLISHMENTS BY EMPLOYMENT SIZE, FABRICATING INDUSTRIES, 1958

Industry
All estab-
lishments

1-4

Fabricated metal products:
Number of egablishments. 24, 782 7, 941
All employees:

Number 1, 057, 986 16, 411
Payroll ($1,000) 5,412,405 63, 898
Capital expenditures ($1,000)--

Machinery:
458, 897 15, 180

Number of establishments 29, 839 12, 088All employees:
Number 1, 348, 245 24, 044
Payroll ($1,000) 7, 803, 661 102, 628
Capital expenditures ($1,000)- 676, 419 47, 819

Electrical machinery:
Number of establishments 8, 091 2, 103
All employees:

Number 1, 122, 284 4, 405
Payroll ($1,000) 5, 605, 985 17, 180
Capital expenditures ($1,000) 449, 925 4, 367

Transportation equipment:
Number of establishments 6, 607 2, 099
All employees:

Number 1, 557, 759 4, 218
Payroll ($1,060) 9, 164, 581 16, 017
Capital expenditures ($1,000)- 608, 278 5.181Instruments:

Number of establishments 3, 526 1, 297
All employees:

Number 296, 558 2, 585
Payroll ($1,000) 1, 578, 481 10, 083
Capital expenditures ($1,000)-- 123, 621 1, 690

Miscellaneous manufacture:a:
Number of establishments 14, 278 6, 087All employees:

Number 571, 434 11, 972
payroll ($1,000) 2, 847, 330 43, 058
Capital expenditures ($1,000)-- 183, 231 10, 640

Establishments with designated number of employees

5-9 10-19

4, 177 4, 852

28, 195 60, 118
123, 758 230, 572

14, 097 29, 539

6, 634 4, 757

37, 820 65, 037
184, 115 339, 438
24, 101 30, 564

1, 077 1, 112

7, 282 15, 617
30, 494 69, 049

4, 446 7, 910

923 923

6, 208 12, 844
26, 855 58, 184

4, 617 5, 464

554 482

3, 704 6, 624
16, 186 29, 983

1, 537 8, 864

2, 469 2, Ill

16, 491 28, 912
60, 093 107, 2

3, 218 9, 734

20-49 50-99 100-249 250-499 500-999 1,000-
2,499

2,503
and over

4, 246 1, 892 1, 375 480 231 74 14

131, 673 130, 475 213, 475 164, 892 158, 642 97, 868 58, 287
639, 828 646, 214 1, 084, 502 865, 117 848, 692 530, 796 323, 033

56, 742 45, 103 83, 285 74, 002 66, 806 44, 611 23, 552

3, 817 1, 458 1, 108 478 292 155 54

116, 508 101, 215 170, 433 165, 512 202, 865 232, 498 232, 313
640, 825 544, 947 919,037 889, 142 1, 092, 963 1, 299, 391 1, 291, 180

52, 986 41, 086 58, 003 62, 167 100, 312 108, 472 153, 909

1, 293 820 754 446 247 179 60

41, 332 57, 606 113, 012 153, 314 172, 520 21, 565 280, 631
180, 536 255, 964 540, 729 703, 126 840, 379 1, 890, 059 1, 578, 519

18. 690 13, 437 45, 987 50, 834 80, 930 102, 805 113, 019

1, OM 528 450 225 156 168 184

31, 249 36, 621 70, 716 78, 310 112, 692 270, 175 934, 731
150, 676 180, 473 353, 824 419, 240 631, 947 1, 588,252 5, 734, 613

15, 836 12, 867 21, 932 29, 809 41, 712 168, 148 3bJ, 257

514 258 209 103 58 33 18

15, 390 17, 869 32, 858 35, 952 41, 743 47, 018 91, 715
74, 924 84, 477 156, 682 181, 123 214, 053 244, 978 565, 992
4, 181 5, 449 8, 122 11, 819 15, 488 22, 265 49, 706

1, 962 814 524 163 74 47 22

60, 704 55, 946 80, 508 56, 317 48, 270 69, 451 142, 863
233, 729 217, 072 328, 981 242, 614 231, 809 368, 338 1, 016, 04

16, 887 11, 940 20, 481 15, 279 12, 472 22, 812 55, 268

Souucz: U.S. Dept. of Commerce, Bureau of the Census, 1958 Census cf Manufactures, vol. 1, table 8 pp. 2-4, 2-5.
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TABLE 12. MACHINE SHOPS AND TOOL AND DIE SHOPS IN FABRICATING INDUSTRIES, 1958

1-321

Industry group

Total

Machine shops:1
Fabricated metal products 3,199
Machinery 7,636

Engines and turbines 92
Farm machinery 418
Construction equipment. 793
Metalworking machinery 1,420

Metal cutting tools 204
Metal forming tools 136
Special dies and tools 726
Machine tool accessories 228
Machinery. n.e.c 128

Special industrial machinery 1,125
General industrial machinery 878
Office machines 144
Service industry machines. 288
Machine shops 2,480

Electrical machinery 1,802
Transportation equipment 1,508
Instruments 368

Tool and die shops (operated separately from machine
shops):1

Fabricated metal products 1,938
Macht iry 8,100
Electnuil machinery 1,018
Transportation equipment 745
Instruments 195

Distribution by number of production workers in shop

Establishments Employment

Number of production workers

1-4 5-19 20 Or more

Total
Ntamber of production workers

1-4 8-19 20 or more

1,196 1,234 769 77,466 .(D) (D) 60,927
1,705 3,323 2, 601 314.947 (D) (D) >10, 000

10 9 73 20,883 22 118 20,743
155 154 109 17,176 873 1,584 15,239
172 279 842 38,833 399 2,870 83.584
222 593 605 83,849 588 8,493 58,788

9 59 138 17,393 80 699 18,684
18 42 81 8, 777 84 559 8,184

161 378 187 13,212 412 8,898 8,902
23 85 120 12,996 so 1,030 11,918
18 29 81 11,471 42 807 11,122

205 450 470 52,690 521 4,881 47,508
205 300 871 87,878 494
84 45 85 7,487 78

(xi > Is: 000

103 105 so 14,155 (D) (D) 12.888
599 1,888 493 84,218 1,747 13,182 49,339
589 841 572 47,873 1,885 8,448 40.040
297 469 742 185,788 667 (D) >10,000
82 127 157 14,930 191 1,880 13,359

1,008 707 721 27,097 2,296 8,394 18,407
1,071 1,281 768 58,581 2,425 12,688 43.450

433 875 208 17,388 (D) 3,853 >10,000
218 244 288 49,532 470 2,329 48,733

78 78 41 2,965 170 786 2,009

(D) Withheld to avoid disclosing figures of individual companies.
SOURCE:
I U.S. Department of Commerce, Bureau of the Census,4058.

elude automation will modulate diffusion of NC
techniques. Changes in materials, product lines,
and manufacturing methods in a technological
society, however, will necessitate a constant reeval-
uation of the amenability of the manufacturing
process to NC techniques.

b. The economic feasibility of NO eon/version

Potential diffusion of NC machines among the
plants listed in tables 11 and 12 is partially de-
pendent upon the size of the plant and partially
on the nature of the plant's production. Of the
87,118 plants listed in table 11, nearly 70 percent
have fewer than 20 employees. The plants with
20 or more employees, however, account for 94
percent of the employment and the major share
of capital expenditures. The same pattern gen-
erally holds true for the machine shops listed in
table 12.

In plants which are labor-intensive, a pressure
to automate will develop. In small plants, the
pressure will arise from the necessity to be
competitive through greater rationalization and
increased production rather than through labor-
savings. The number of workers in the small
plants may represent the minimum required to
conduct the required operations, the employment
level representing a part of the basic overhead
structure.

200-754-66-vol. I-22

Census of Manufacture., vol. 1, table 1, pp. 8-18 to 8-18.
2 Not elsewhere classified
$ Aid, pp. 8-18 to 8-20.

In larger plants, concentration of labor may be
in those areas least amenable to automation, as in
materials transfer, assembly, etc. A lower bound
on employment may thus exist in the small and
large plants which automation cannot affect.

In aiidition to the type of product and the proc-
esses by which it is fabricateii, the amenability of
NC machines is determined by the lot size of the
product. From an economic viewpoint, NC ma-
chines are used to best advantage in small-lot pro-
duction. In this respect, NC differs from most
automation processes which require mass produc-
tion to justify economic feasibility.

Figure 3 is a graphic comparison of production
costs with NC and conventional tooling as a func-
tion of lot size. Crossover points between con-
ventional and NC tooling for long runs are
dependent upon the tooling, programing, setup,
and machining costs. The graph shows how eco-
nomic lot size is affected by a reduction in setup
time. With tape control replacing fixtures, the
cost of small runs is reduced. Simple jobs which
involve the chilling and tapping of a few holes,
for example, that can be programed and set up
in a short period of time, can often be performed
more economically with NO machines than con-
ventional methods for even two or three pieces.

9 Numerical Control in Manufacturing, ed., F. W. Wilson, ch.
10, p. 279.
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Flo= 3. Economic Lot-Size Comparison Tape Control vs. Conventional Tooling

Total cost under
conventional methods

Total cost with
numerical contr I

OEM OM, MUM NNW MMI =MO 111111

=MP IMNID 411111MIP IMMO MNIO =NM 111 0111111 OMB

Economic lot size
(tape control and
quick-change toolin )

Cost of inventory

Processing cost
(tape control and
quickchange tooling)

ovProcessing cost
(fixtures and
conventional tooling)

Economic lot size
L7(fixtures and conventional tooling)

1

10,000 100,0001 10 100 1,000

Number of pieces

Source : Numerical Control in Manufacturing, McGraw-Hill Book Co., New York, 1988.

For point-to-point jobs in which programing
and tool setting are more extensive, 5 to 10 parts
may be the breakeven point for NC. NC may
be more economical, however, for even one or two
complex pieces that use contour machining.

The upper economic lot size for NC machines
is around- 100 pieces. Accuracy and reliability
requirements and machining complexity ma3r
sometimes extend the economic lot size to several
hundred pieces on NC machines

Metalworking magazine has listed 15 cases
where it is eccalomically advantageous to utilize
NC machines :10

1. On shortrun work that would not justify the cost
of making jigs or fixtures.

2. On jobs that require a large investment in tooling
to hold size, shape, or uniformity.

le "NCThe Time to Aet b Now," Metalworking, June 1964,
pp. 88-89.

8. On work where leadtime is important for com-
petitive or other reasons.

4. On jobs that have long setup times relative to
production time, resulting in low machine and
operator productivity.

5. On parts that must be machined at numerous loca-
tions or in an intricate pattern of points.

6. On work that calls for a large number of tool
changes for various hole sizes or operations.

7. On parts that are processed in a series of opera-
tions on separate machines.

8. On work where dimensional relationships must
be held from reference points or surfaces.

9. On families of parts where machining operations
are similar but not identical.

10. On parts to be assembled by aligning holes, mating
surfaces, selective fit, etc.

11. On jobs that require frequent or extensive in-
spection to check machining accuracy.

12. On work fabricated from high-cost materials or
having a high labor content where scrap would
be costly.

13. On complex parts that would require a design
compromise for the sake of producibility.
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14. In prototype or development work where several
design changes are likely.

15. On one-shot, few-of-a-kind jobs involving exten-
sive layout or costly and slow toolroom machining.

NC is not only a revolution in machine equip-
ment but is bringing in its wake a revolution in
product design, materials handling, production
control, purchasing, and cost analysis. To achieve
the benefits which NC can provide, the machines
must be scientifically scheduled, noncutting time
reduced to a minimum, and tool changing made as
rapid as possible. Considering that under con-
ventional machining methods the average machine
tool is actually machining only 25 percent of the
time, the production scheduling required to keep
an NC machine operating about 80 percent of the
time necessitates a radical departure in machine
shop habits.

The average small-production establishment
that has not mastered the problems of efficient
production scheduling and a realistic costing of
its products will, it has been suggested, only turn
out scrap faster and more efficiently.

The present 13attern of manufacturing and the
necessity, on the part of management, to become
retrained and oriented in the direction of auto-
matic fabrication techniques will serve as a con-
straint on the rapid diffusion of NC over the di-
verse fields of manufacturing. The effects of com-
panies that introduce NC machines on those that
do not convert will exert a competitive force lead-
ing to a dynamic situation in which economic fea-
sibility and managerial decisionmaking will have
to be constantly reevaluated.

In addition to the inertia of traditional methods,
the leadtime required to obtain NC machines, in-
stall them in plants, and train personnel to op-
erate, program, and maintain them will serve to
spread the diffusion of NC over a period of time.

Another of the critical constraints that will de-
termine the rate of diffusion of NC is the capital
investment that will be required. The manufac-
turing plant in the United States is characterized
to a large extent by age and a high degree of ob-
solescence. The average age of metalworking
equipment has been rising and, whereas in 1945, 40
percent of machine tools and presses were more
than 10 years old, by 1963, 64 percent were in this
category. Approximately 10 percent of the tools
were more than 20 years old.

American Machinist magazine's inventory of
machine tools (1963) revealed that 1.36 million
out of 2.14 million metal-cutting machine tools
were 10 or more years old.11 Fifty-seven percent
of those more than 10 years old were in four
categoriesdrilling, milling, boring machines, and
lathes, the four main types of NC machines.
Within the six fabricating industries, the distri-

11American Machinist, June 10, 1968.
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bution of 10-year or over metal-cutting machines
in these four categories is shown in table 13.

TAB LE 13. DISTRIBUTION OP DRILLING, MILLING/. BOR
ING MACHINES, AND LATHES IN FAB RICATING INDUS
TRIES, 1963

Industry

Machine tools,
all ages

Machine tools,
10 years and over

Number
Per-

cent of
total

Num-
ber

Per-
cent of
total

Per-
cent of
indus-

try
total

All metalworking industries._ 1, 210, 291 100 782, 514 100 66
Fabricated metal products-- - 212, 203 18 140, 929 18 66
Machinery 483, 048 40 323, 408 41 67
Electrical machinery 144, 902 12 77,424 10 53
Transportation equipment 190, 560 16 127, 154 16 67
Instruments 68, 745 6 39,308 5 57
Miscellaneous manufactur-

ing 24, 597 2 14, 791 2 eo

SOURCE: American MacMniet. June 10, 1963.

The American Economic Foundation estimated
that metalworking obsolescent Oant capacity in
1963 amounted to $95 billion.12 This situation in-
dicates the inertial force that must be overcome in
renovating the manufacturing establishment. At
the same time, NC machines present both a chal-
lenge and an opportunity to renovate with highly
productive and automatic equipment. The eco-
nomic magnitude of the renovation was suggested
in a paper submitted in 1960 to the congressional
Subcommittee on Automation and Energy Re-
sources which estimated that one-half trillion dol-
lars would be required to automate the manufac-
turing industry at 1960 levels of automation. In
1958, $8 billion was spent on capital formation
over and above that necessary for replacement and
keeping up with population growth. At that rate
more than 60 years would 13e required to raise
manufacturing technology to the 1960 level."

Both the rate of capital formation and techno-
logical development have changed since 1958-60.
However, the magnitude of the economic costs and
competing demands for allocation of funds and re-
sources will undoubtedly serve as constraints on a
precipitous diffusion of NC machines.

3. The worker. The diffusion rate of a tech-
nology is a function of other factors in addition
to engineering, production, and economic factors.
The technology is embedded in a social system in
which economic values must often compete with
other values, and the allocation of resources and
manpower has many contending claimants.

The factory, too, is a social system as well as a
production system. The attitudes and responses

II Cited in "Why We Must Lift Deadweight From Economy,"
Metalworking, 20 (4), April 1964, pp. A2A7.

u Cited by J. Harrington, Jr., Look Into Tomorrow," in
New Views on Automation, papers submitted to the Subcom-
mittee on Automation and Energy Resources, Joint Economic
Committee, Washington, D.C., 1960, p. 44.
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of the workers as expressed individually and col-
lectively through unions will serve as constraints
on the diffusion of NC. Worker satisfaction, oc-
cupational status, the problems involved in the
changing requirements for skills, and seniority are
real and vital problems to millions of woikers.
The unions, especially, are closely attuned to the
problems arising from the intersection of the socio-
economic factors and the social factors in auto-
mation. Occupational retraining and attrition
can serve as only partial answers to disemploy-
ment. They will not generate new employment
opportunities for all the displaced.

The Takeoff Stage. Given the pattern of NC
diffusion during the past 11 years and considering
the constraints discussed in the preceding section,
our task is to estimate NC diffusion during the
next decade. Let us first consider NC growth in
terms of the diffusion model described above.

The four stages of this model,

'

it is recalled, are
(1) pretechnology ; (2) transition. (3) takeoff ;
and (4) maturity. For NC, the first stage, which
saw the development of the technolou, its emer-
gence from the laboratory to the production linp,
and the proving of Its technical and economic
feasibility, may-be said to have ended by 1958.
The period 1959-65 characterized the transition
period during which NC found its way into an
expanding number of manufacturing plants

'
a

greater number of applications were found, tech-
nical know-how increased, and a knowledge of the
potential of NC as a manufacturing process took
root.

The 'period beginning in 1966 will be the start
of the takeoff stage of diffusion. Growth will be
rapid, as indicated by the 18-month purchasing
estimates of industry at the start of this stage.
The diffusion, however, will be subject to the con-
straints previously discussed.

Factors which provide a base for the takeoff
stage are cited by the Diebold Group: 14

1. Equipment is available to perform a variety of
jobs at prices the average company can afford
to pay.

2. Computer technology has greatly expanded, and
coinputers, operators, and programers are more
readily available.

3. Programing has been simplified by the widespread
use of APT and other related languages.

4. Related NO services are becoming available.
These include:
a. Production centers that produce a part on NC

machines from company drawings.
b. Service bureaus that tramform a drawing into

a tape for running on a company's own NO
machines.

c. Data communications that provide direct and
fast service between the NO machine user and
offsite computer services.

14 E. Klein, "Numerical Control : Prom Class to Maas Mar-
ket," Dun's Review and Modern Industry, August 1965.

In considering the diffusion model, it is inter-
esting to compare the growth in the number of
NC machines with the growth of the number of
computers as graphed in figure 4. It is noted that
the rate of increase of NC machines is greater than
the rate of increase of computers.

If the start of the stage of pretechnology is
taken to be the year in which a feasible prototype
model was developed, 1944 is established as the
starting point of the computer development, and
1953 as the starting point of the NC development.
In the first decade of computer technology,
1945-54, 2,6 i75 computers were nstalled. In the
first decade of NC machines, 1954-63, 3,583 ma-
chines were installed. An additional 5 years were
required for the installed computer inventory to
expand to 10,000. It is estimated that only 3
additional years will be required for NC machines
to reach the 10,000 mark.

The above comparison should consider a funda-
mental difference in the diffusion of the two tech-
nologies together with a close relationship. The
9-year timelag between the Mark I computer and
the MIT numerically controlled milling machine
derives from the fact that numerical control is a
combination of computer techniques, servomecha-
nisms., and machining. Both the logic and pro-
graming techniques developed for computers were
utilized in the subsequent development of NC.
Continuous path and many point-to-point control
systems require a computer for preparation of
input tapes or cards.

The difference in the diffusion of the two tech-
nologies is significant. In general, computers did
not replace other machines but were installed as
new equipment, often serving new applications.
NC machines, on the other hand, have to be fitted
into the framework of the traditional technology,
and either replace existing equiment or augment
existing production processes. nie retrofitting of
older machines with NC controls is a realistic prob-
lem for management. There was no possibility of
retrofitting computers. The implications of this
difference in the two technologies will be discussed
further in relation to the implications for
employment.

The prediction of NC gi.rowth figures associated
with the takeoff stage is difficult because the future
expansion of NC machines is highly dependent
upon many factors which are not directly related
to NC technology. It is tempting to consider an
obsolescence retirement rate at which 10-or-more-
year-old machines are replaced annually. This
would not provide a satisfactory estimate, how-
ever, because the replacement is not on a 1-to-1
ratio. One NC machine for example, may effec-
tively replace from thr:m to eight conventional
machines.

In addition to the future state of the economy,
other factors which must enter into consideration
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FlounE 4. Cumulative Inventory Computera and Numerically Controlled Machine Toole
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in a quantitative forecast of the future of NC ma-
chines are the changing mix of machines and the
effects of new materials and new processes.

It is observed from table 3 that the average in-
crease in the value of NC machines as a percent
of the annual value of shipped metal-cutting ma-
chines was 1.86 percent during the period 1959-63.
There was a slight drop in 1964 because of the
more than $200 million spurt in metal-cutting ma-
chine sales. Mid-1965 estimates set the percent-
age at 17," and the American Machiniet survey
indicated a 22.7-percent value in 1966. The
annual value of metal-cutting machines (table 5)

31 Automatic Data Prooessing Newsletter, The Diebold Group,
Inc, May 24. 1905.

At

displays more variation than the percentage value
and is perhaps more susceptible to rapid
fluctuation.

Predictions of future growth are dependent,
therefore, on two variables : (1) the annual in-
crease in the value of NC machines as a percent of
the total metal-cutting machine production, and
(2) the value of the annual metal-cutting machine
output. The use of NC machines for operations
other than metal cutting would not be considered
in this projection method, nor would the effects
of competing processes and materials. Extrap-
olation of a curve is always fraught with risk;
extrapolation of two variables will not be mean-
ingful enough to warrant projections of absolute
figures.



4. Technological Trends
Introduction

Tha diffusion of numerical control technology
!is dependent on several additional factors whose
implications warrant special consideration inas-
much as they are superimposed on the direct
effects of NC technology.

This section discusses some of the technological
changes occurring in machining or related fields
which alter the need for machinmg effort. These
are concerned chiefly with changes to the material
used as the machining stock or the machining
tool, and with the effect of competitive processes
or materials.

In attempting such an assessment, one is neces-
sarily influenced by current or near current re-
search. For metal cutting, the total world's re-
search effort is very small in both fundamental
and applied research. A few centers of outstand-
ing. merit exist in other countries, while in the
U.S. some universities, independent research or-
ganizations, and company-supported laboratories
(generally involved in equipment design and
process development) are studying several facets
of machining. But this amount of effort, when
related to the dollars spent for metal removal, is
indeed trivial. Technological research cannot
solve the sociological problems imposed .by new
devekpments; it can only strive to maintain a
dynamic balance resisting abrupt changes or else
seek to create new industries to offset the decay of
the old.

Many now materials and processes have been
developed in recent years, ancl many of the con-
ventional ones have undergone changes. These
changes have most often been accomplished to a
great extent as a consequence of the need for some
unique capability associated with space or defense
requirements. Some advances may have very
limited applicability beyond that for which they
were originally conceived. Others have great
commercial significance. Therefore, careful judig-
ment is needed if realistic predictions are to be
made of the effect the research developments may
eventually have.

The unusual strength of an ausformed steel (in
excess of 500,000 p.s.i. tensile strength) does not
justify the conclusion that the commercially im-
portant carbon steels will be significantly dis-
placed, even though the strength may differ by a
factor of eight. Nor can it be assumed that the
high initial cost of computers will prevent their

in Machining, 1965-75
applicability for generating input tapes for NC
machining. Rather, the ultimate analysis must
revolve around the twofold question of, "What
unique feature is attained and what will it cost per
end item manufactured V"

The Machining Stock

Property performance of Conventional Material8.
Changes in the properties of the material to be
machmed have a cleffiiite influence on the ease with
which it can be machined. However, the rela-
tionship between machinability and the demand
for manpower is not necessarily simple. Ordi-
narily, increased difficulty of machinmg implies
an increased time requirement and consequently
increased manpower. On the other hand, unless
the part can be fabricated only by machining be-
cause of shape complexity or precision, the in-
creased cost of manufacture may cause substitu-
tion of a competitive process, thus displacing a
part or all of the machining requirement.

The basic metals of commerce are predomi-
nantly iron, ...steel, aluminum, and copper alloys.
During the next decade these will maintain their
preemment position, although the relative propor-
tions will probably shift in the direction of more
aluminum tonnage. However, within these cate-
gories, changes are being made to the properties
attainable, and increased use will be made of these
improvements.

In the iron family an unusual annual growth
rate of 30 percent has been reached for cluctile
iron. This material is similar in composition to
conventional gray iron except that the free graph-
ite exists as spheroidal rather than flake shapes.
The graphite content normally means that the iron
will exhibit self-lubrication and easily broken
chips during machining, both of which improve
the machinability. As a result, the machinability
of ductile iron will be nearly equivalent to that
of gray iron at similar strength levels.

The unusual feature of ductile iron is that it
can develop much higher tensile strength when
properly alloyed and subsequently heat treated.
Currently values over 100,000 p.s.i. are readily
achieved with a distinct probability of more than
doubling this strength. .A.n increase in machining
effort and time will be required.

Steel also will experience a significant shift
toward higher strength compositions. In the case
of low-carbon steels modified with small amounts
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of columbium or vanadium, the moderate strength
increases will improve machinability by relieving
nose buildup and gummy chip iormation ; thus
machining time will be shortened.

The alloyed high-strength steels will find in-
creasing use_, and are very difficult to machine only
if used in the hardened condition. Since there is
a trend toward greater precision, more machining
in the hardenesi condition is probable. As a
counterbalance, free machining additives will be
more widely used and extended to some of the
higher-strength alloys.

Steels produced to extremely high strength
levels by special thermal-mechanical working
combinations, such as ausformed steel, are almost
impossible to machine by the large chip-forming
machining methods. And as strength values are
pushed beyond 500,000 p.s.i., only the new metal
removal methods are practical. These new pro-
cedures as applied to such steels still will use a
greater amount of machining time.

Higher strength aluminum compositions also
are gaining acceptance, with more improvements
on the way. Generally, the aluminum alloys do
not exhibit difficult machining behavior, although
techniques are different. Higher strength mate-
rials handle well, and only compositions containing
hard abrasive particles in the metal structure are
diffinult. Therefore, alloying changes and in-
creased utilization will not significantly alter
machining needs.

Copper-base alloys represent a family having
excellent machinability. Only a few gradesprove
to be the exception to this rule. Here again the
trend is to greater strength, particularly by using
aluminum bronze. This should lead to some in-
crease in the machining effort required.

Unique Properties of Unconventional Materials.
The pressure from space and defense needs for
performance capabilities well beyond those
achieved by the metals predominantly used in
commerce has led to a large number of unique
materials. All but one of these material innova-
tions has decreased machinability. Machining
time and cost is greatly extended for alloys of
titanium, as well as the exotic heat resistant alloys
containing nickel or cobalt as the base metal, the
new refractory metal alloys from tungsten, molyb-
denum, columbium, tantalum, and hafnium, and
the composites of metals, metals and plastics, and
metals and ceramics. On the other hand, the new
maraging alloys have the capability to be heat
treated to very high strength levels, but the
hardening heat treatment causes a minimum
amount of distortion. Therefore, parts made

from this composition can be machined near or to
their final dimensions while still in the soft an-
nealed condition. Subsequent hardening can be
done without destroying the precision. This
ability should decrease machining effort.

The variety and improved performance of
plastics will cause displacement rif metal from
some of its existing markets. Because plastics
can be conventionally machined quite readily, in-
creased machining of plastics is anticipated. The
manufacture of plastic shapes is simpler than for
metal in that pressures and temperatures required
in the process are comparatively, very mod.erate.
This implies that injection, molding, extrusion,
vacuum forming, casting, and similar shaping
procedures wil be used generally where produc-
tion volumes I ,re appropriate.

The Machining Process

New Methods for Removing Metal. New technol-
ogy will affect the machining process as well as
the machining stock, and has already introduced
completely new procedures for removing metal.
The new processes include electrical discharge ma-
chining, electrochemical milling, chemical milling,
sonic abrasion, sonic impact, chlorine machining,
electron beam, plasma arc, laser beams, etc. The
basic concepts employ energy in the form of heat,
electricity, chemical reaction, or multiple particle
force to accomplish metal attrition. The attack
can originate from a point source or be applied in
two or three dimensions simultaneously. Elec-
trical discharge machining (EDM) and electro-
chemical milling (ECM) are examples of the
three-dimensional attack and comprise the greatest
departure from conventional machining that use
pointed cutting tools. EDM and ECM use a con-
forming electrode shaped in accord with the
volume of metal to be removed. As machining
proceeds, metal removal occurs wherever the &s-
tance between part and electrode becomes suffi-
ciently small. In contrast, laser beam attack is a
point source. It is suited to _punching holes into
or through metal, or if coupled with lateral mo-
tion, to shape a three-dimensioned surface. In
this respect it is most like conventional machining.

The new processes will grow in importance and
number and will not be restricted to the machin-
ing of hard metals, or complex parts, or thin metal
sections, or unusual geometry. .At present, most of
these processes are applied to situations where
normal metalcutting is not feasible. But the trend
toward cominercial application has been defmitely
established. Under these conditions the end cost
of the part becomes the dominant criterion, with
secondary consideration given to factors such as
surface texture, residual stresses, etc.
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Chemical milling is widely used in aircraft con-
struction. ECM appears useful as a process for
rapidly removing metal, as in rough machining.
Both ECM and EDM appear most suited for ap-
plications such as the sinking of shaped cavities
in tools and dies. A view of these commercial
probabilities suggests forecasting a rapidly ex-
panding application for these manufacturing tech-
niques, probably on the order of a twofold in-
crease in the next 5 years and a threefold increase
in the next decade. Since much of the expanding
market must be found in private industry makhig
capital goods or consumer items, the motivating
factor in its use will be cost savings derived prin-
cipally from reducing the manpower requirement.

Improvements in the Metal Cuttim Process. New
developments in cutting tools for use on conven-
tional machines are also occurring. In the past,
70 percent of the cutting tool dollar expenditure
has been allocated to high-speed steel tools, most
of the rest to carbides, and a very small percent-
age to the old carbon steel and the new ceramic
tools. Better high-speed (superhard) steels have
been marketed and new ones are under develop-
ment. Carbide manufacturers are meeting the
challenge with better, more uniform performance
tools, and ceramics are undergoing vigorous re-
search and will experience a rapid growth rate.
In all cases, these advances must be aided and
abetted by more powerful and stable machine
tools. This too is already happening, so that metal
removal rates per cutting tool should increase by
50 to 100 percent during the coming decade. Man-
hours will be correspondingly decreased.

An additional factor of great import is the es-
tablishment under Air Force sponsorship of a Ma-
chinability Information Center. This will collect
and disseminate to a growing user community in-
formation leading to optimization of the machin-
ing process. This is an important step which im-
proves the competitive position of the machining
process compared to other shaping methods.
However, the competitive position will be
achieved, in part, by decreasing manpower needs.

C ompetitive Methods for Shaping Parts. His-
torically there are many methods for producing
a final part to its required configuration. In many
instances a combination of processes is used, such
as casting, welding, and machining. However,
improvements are occurring in several of these
methods which will affect the need for machining.

The major processes other than machining in-
clude hot- and cold-forging, casting, extrusion,
rolling, thread rolling, spin forming, explosive
formhig, magnetic forming, stamping, coining,
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and joining by welding or brazing. In general,
the precision, surface quality', and internal inte-
grity obtainable by these methods is being greatly
improved. Outstanding examples are found in
precision forging of turbine blocks, cold-forging
of automotive axles, precision casting of forging
dies, precision extrusion of aluminum shapes, and
diecasting of complex shapes in increasingly high-
melting-point metals. Future developments will
continue in the same manner and will compound
the advantages derived from either the elimination
or minimization of machining time. An addi-
tional outstanding advantage of some of these
methods is the avoidance of waste generation in
the form of chips.

It will be observed that most of these manu-
facturing methods are subject to automation and
numerical control. They also require either pat-
terns or dies, most of which are currently formed
by machining. Thus, they are more suitable to
production wliere many pieces are rectuired. The
dies also comprise a market for machining effort.
However, some of this will be offset by use of im-
proved machining methods, such as EDM, and
improved processes, such as casting dies essentially
to finished shape.

Long-Range Production Equipment Require-
ments: A Case Study

The effect that changes in materials and machin-
ing processes will have in the future are suggested
by a detailed study which projects equipment re-
quirements of a specific industry over the next
decade. The study was made to project the long-
range production equipment requirements of the
Air Force through the year 1975." The study
analyzed the current production inventory, iden-
tified advances being made in the production proc-
ess, and determined equipment replacements to
offset inventory obsolescence over the next 10 years.

The study indicated increased use of high-
strength metals and alloys that would necessitate
utilization of new processes such as ECM, and a
different machine mix. Workpieces of heavier
gage and larger size will require ability to
sculpture" from solid stock thus necessitating

employment of ECM and EDM machines and em-
phasizing profiling and traveling column milling
machines.

Forming and joining processes for fabricating
are estimated to increase while conventional ma-
chining will decline. Forming processes which

111 Air Force Long-Range Produetion Equipment Requiretnente,
Study _prepared by Chemical and Metallurgical Research, Inc.,
for U.S. Air Force Materials Laboratory, Manufacturing Tech-
nology Division, Wright-Patterson Air Force Base, Ohio. and
summarized in Atretrioan MacMnist, 109 (14), July 5, 1965.
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TABLE 14. SUMMARY OF REQUIREMENTS
TYPES OF EQUIPMENT

FOR MAJOR

Category

1904 Inventory 1978 Inventory

Number
items (in

thou-
sands)

Value

militon)

Number
items (in

thou-
sands)

Value
($

million)

Material removal 28.5 567 8.9 563

Sheet metal forming 3.3 86 8.3 222

Welding 3.2 16 4.5 160

Electromagnetic test equipment. 14.0 48 2.9 138
Mechanical measuring and

testing 9.2 69 10.0 183

Heat-treat furnaoes 2.2 40 1.6 33

Total 60.4 823 80.2 1,249

Sulam: Air Force Long-Range Product on Equipment Requirements.
Study prepared by Chemical and Metallurg cal Research, Inc., for U.S. Air
Force Materials Laboratory._ Manufacturing Technology Division, Wright-
Patterson Air Force Base, Ohio, and summarised in -American Machinist,
109, (14), July 5,1965.

comprised 23 percent of the 1964 13roduction cost
of aerospace systems are expected to increase to
35 percent of the 1975 cost. Machining processes
are estimated to drop to 37 percent of the 1975
cost from their 1964 level of 64 percent. Welding
and brazing will rise from 13 to 28 percent of total
cost.

In contrasting the present inventory with the
1975 projected inventory, it was estimated that the
total number of machines will drop 50 percent
while their value will increase 50 percent. Esti-

mates of the changed machine-process mix for
major types of equipment are shown in table 14.

The projected inventory of material-iemoval
equipment in table 15 shows how the nearly 80
percent decrease in conventional machine tools will
be achieved. It is noted that the value of the
28,493 machine inventory of 1964 is nearly identi-
cal with the value of the 5,876 machines projected
for 1975.

The above case study is a confirmation of the
effects the changes in materials and processes dis-
cussed in this section will have in the future, The
industry studied is unique in its requirements, and
these changes will not be necessarily felt in like
measure in all industries.

Implications for Manpower Requirements

The long-term trends in the machining indus-
try are to improve attainable precision and reduce
part costs-two opposing objectives. New devel-
opmEnts in the machining stock materials will in-
crease the difficulty of machining more than
free-machining developments will decrease it.
However, new machining processes, better infor-
mation, and advances in cutting tools (not to men-
tion the overriding reduction in machine time
by automation and numerical control) will reduce
the required time to machine a given part. In
addition, improvements in competitive shaping

TABLE 15. CURRENT AND FORECAST ACTIVE AIR FORCE INVENTORY OF SELECTED MATERIAL-REMOVAL EQUIPMENT

Machine type

End of fiscal year 1964 End of fiscal year 1975

Items Value Items Value

Number Percent Million Percent Number Percent Million Percent

Boring machines 2,499 8.8 $105 18.5 585 10 $58 10.3

Drilling machines 8,745 13.1 37 6.5 890 10 20 8.6

Grinding machines 5,867 20.6 80 14.1 1,162 20 66 11. 7

External, cylindrical 1,148 4. 0 25 4. 4 227 4 13 2.3

Miscellaneous (form) 317 1.1 14 2. 5 284 a sa 6. 2

Lathes 5,985 21.0 86 15.2 882 15 81 5.5

Milling machines 5,819 20.4 227 40.1 1,789 30 882 59.0

Bed tyng pe _ 776 2.7 as 5.8 228 4 31 5.5

Profili
Traveling column

786
60

2.8
0.2

107
11

18.91
1.91 1,008 17 285 50.6

Miscellaneous 4,878 16.1 32 5.6 868 15 86 9.9

Electroerosion machines 166 0.6 2.7 0.5 580 10 52 9.2

Electrodischarge 110 0.4 1.6 0.8 60 1 2.4 0.4

Electrochemical 29 0.1 0.6 0.1 467 8 47 8.8

Total, mayor types 28,498 100.0 $567 100.0 5,876 100.0 $563 100.0

Somme: Air Force Long-Range Production Equipment Requirements, Study prepared by Chemical and Metallurgical Research, Inc. for U.S. Air Force

Materials Laboratory, Manufacturing Technology Division, Wrfght-Patterson Air Force Base, Ohio, and summarised in American Machinist,109, (14), July 8,

1965.
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processes will make further inroads on the total
national machining effort, although it must be
emphasized that machining offers better precision
and consistently reproducible surfaces with good
esthetic features.

Increasing research on the problems associated
with metal removal will improve the competitive
position of machining but may not enhance the
manpower requirements in that industry.

In summary, it is estimated that the balance
between competitive shaping processes will shift
away from machining in its conventional way by
5 to 20 percent in the next decade. The relative
manpower requirements for machining, neglecting
automation induced changes, will decrease by 20
to 60 percent.

The trend direction for a number of technologi-
cal changes are shown in table 16.
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TABLE 10. EFFECT OF SOME TECHNOLOGICAL CHANGES ON
MANPOWER REQUIREMENTS IN THE MACHINING INDUSTRY

Inereaee Manpower Requirement:
Increased need for higher dimensional precision.
Use of significantly harder or higher strength alloys.
Increased demand for machined surfaces for esthetic reasons.
More versatile machine tools.
Enlarged need for plastic shaping and metalworking dies.
Introduction of composite materials.
Use of metals more abrasive to cutting tools.
Consumer demand for more options in the product.
Increased ability to machine large parts.

Decrease Manpower Requirement:
Application of numerical controlled machining.
Advance of competitive shaping technologies.
Improved precision of other processes.
Introduction of new metalworking processes.
Growth of chinless machining methods.
Replacement of metals by plastics.
Improved metallic and ceramic cutting tools.
Wider use of free-machining metals.
Higher speed, more powerful machine tools.
Need for thin-section machined structures.
Growth of machining center concept.
Reduction in the complexity and number of jigs and fixtures.
Optimum machining practice through information center.
Better cutting lubricante.

'a



5. Impact of NC on Employment
Employment Review, 1955-64

The decade 1965-75 will witness many changes
in the demographic structure and educational
levels in the lUnited States. Superimposed upon
these changes will be those affeoted by a rising
productivity. It is within this context that the
implications of NC on employment are appraised.

Detailed studies of the impact of NC on em-
ployment have not been made and general statis-
tics on this subject are not available. Certain in-
sights into the problem can be gained, however,
by reviewing proluctivity and employment/unem-
ployment trends in the manufacturing industries
m general and the fabricating industries in
particular.

Table 17 lists the index of output per man-hour
in the manufaoturing industries in the period
1947-64 together with its reciprocal hours per unit
of output. The average annual increase for the
18-year period is 2.5 percent. From 1950-54, the
average annual increase was 1.8 percent from
1955-59, 2.5 percent and 1960-64, 3.1 percent.
These 15 years coincide with the advent of the
automation era and include the maturation stage
of the computer technology and the transition
stage of NC.

Employment and unemployment rates for
craftsmen and operatives during the period 1947-

TABLE 17. INDEX OF OUTPUT PER MAN-HOUR IN MANII
FACTURING INDUSTRIES ANNUAL AVERAGES, 1947-64
(1957-59=100)

Year
Output

per man-
hour

Hours per
unit of
output

Year
Output

per man-
hour

Hours per
unit of
output

1947 75. 1 133. 2 1956 95. 1 105. 2
1948 78. 2 127. 9 1957 97. 8 102. 3
1949 _ 81.8 122.3 1958 99. 1 101.0
1950._ ..... 85. 1 117. 5 1959 103. 3 98. 8
1951 87. 1 114. 8 1960- 103.8 96. 4
1952 88. 2 113.4 1961 106. 7 93. 7
1953 89. 5 111. 8 1982 112. 6 88, 8
1954 90. 9 110. 0 1963 115.4 86. 7
1955 96.8 103.3 1964 119. 7 83. 5

NOTE: Estimates based primarily on establishment data. Output refers
to gross national product in 1954 dollars.

SOURCE: Manpower Report of Me Preskknt, March 1965, table 0-1, p. 258.

64 are shown in table 18. Craftsmen are skilled
workers (e.g., machinists, tool and die makers,
etc.) operatives are semiskilled workers (e.g.,
machine tool operators, assemblers, etc.). The
number of craftsmen increased 1.3 million in the
15-year period beginning in 1950, while their per-
cent of total employment decreased very little.
The number of operatives increased by a lesser
amount, 0.7 million, but their percent of total em-
ployment decreased more markedly, from 20.3 to
18.4 13ercent.

The unemployment rate of the skilled crafts-
men, in general, was slightly lower than that for

TABLE 18. EMPLOYMENT AND UNEMPLOYMENT RATES, CRAFTSMEN, OPERATIVES, AND KINDRED WORKERS (PERSONS
14 YEARS OF AGE AND OVER, Boni SExEs), 1947-64

Year

Employed persons (thousands) 1 Unemployed rates 3

Total

Craftsmen Operatives
Craftsmen

plus
operatives

All
occupations Craftsmen Operatives

Employed Percent of
total

Employed Percent of
total

1947 57, 843 7, 754 13.4 12, 247 21. 2 20, 001 3. 6 3. 8 5. 1
1948 59, 307 8, 119 13. 7 12, 398 20. 9 20, 515 3. 4 2. 9 4. 1
1949 58, 489 7, 825 13. 0 11, 780 20. 1 19, 405 5. 5 5. 9 8. 0
1950 59, 648 7, 870 12. 9 12, 146 20. 3 19, 818 5. 0 5. 6 6. 8
1951 80, 854 8, 434 13. 9 12, 823 20. 7 21, 057 3. 0 2. 6 4. 3
1952 80, 989 8, 743 14. 3 12, 352 20. 3 21, 095 2. 7 2.4 3. 9
1953 61, 778 8, 588 13. 9 12, 747 20. 6 21, 335 2. 5 2. 6 3. 2
1954 81, 180 8, 311 13. 6 12, 253 20. 0 20, 564 5. 0 4. 9 7. 6
1955 62, 997 8, 328 13.2 12, 762 20. 2 21, 090 4. 0 4.0 5. 7
1958 64, 928 8, 693 13. 4 12, 818 19. 7 21, 5C9 3. 8 3. 2 5. 4
1957 65, 018 8, 664 13. 3 12, 530 19. 3 21, 194 4. 3 3. 8 6. 3
1958 63, 968 8, 469 13. 2 11, 441 17. 9 19, 910 6. 8 6. 8 10. 9
1959 85, 581 8, 581 13. 1 11, 858 18. 1 20, 419 5. 5 5. 3 7. 6
1980 68, 681 8, 580 12. 8 11, 988 18. 0 20, 548 5. 6 5. 3 8. 0
1981 86, 796 8, 623 12. 9 11, 762 17. 6 20, 385 6. 7 0. 3 9. 6
1982 67, 848 8, 878 12. 8 12, 041 17. 7 20, 719 5. 6 5. 1 7. 5
1983 68, 809 8, 925 13. 0 12, 506 18. 2 21, 431 5. 7 4. 8 7. 4
1964 70, 357 8, 986 12. 8 12, 924 1& 4 21, 910 5. 2 4.2 6. 5

1 Table A-10, pp. 202-3.
2 Table A-15, p. 207.

1-332

SOURCE: Manpower Report of the President, March 1985.
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TABLE 19. WORKERS EMPLOYED AND RATIO OF NONPRODUCTION WORKERS TO TOTAL WORKERS IN FABRICATING
INDUSTRIES, 1955-64

Year

Fabricated metal products Machinery Electrical equipment

Employees (in thousands) Employees (in thousands) Employees (in thousands)
Ratio
(per-

Ratio
(per-

Ratio
(Per-

Pro-
duction 1

Nonpro-
duction 2

Total 8 cent) 4 Pro-
duction 1

Nonpro-
duction 2

Total 8 cent) 4 Pro-
duction 1

Nonpro-
duction 8

Total $ cent) 4

1955 897. 8 224 1, 122. 4 20. 0 1, 069. 2 880 1, 448. 5 26. 2 924. 2 817 1, 240. 8 25. 5
1956 900. 7 289 1,140.4 21.0 1,158. 5 418 1, 571. 6 26. 3 975. 4 848 1, 323. 1 26. 8
1957 913. 2 254 1, 167. 8 21. 8 1. 143. 1 443 1, 585. 9 27. 9 058. 7 885 1, 843. 8 28. 8
1958 824. 5 252 1,076.9 23.4 945. 5 416 1,862.4 80. 5 857. 8 892 1, 249. 0 81. 4
1959 868. 5 254 1,122.5 22.8 1,027.2 425 1,452. 1 29. 8 969. 4 427 1, 396. 4 30. 6
1960 874. 8 261 1,135.8 23.0 1,035.9 448 1, 479. 0 80. 0 996. 8 471 1, 467. 1 82. 1
1961 826. 0 259 1, 084. 5 23. 9 907. 4 444 1,418. 6 81. 2 979. 4 494 1, 473. 8 88. 5
1962 863. 7 2a4 1, 127. 5 23. 4 1,037. 8 455 1,493.2 80.5 1,051.5 517 1, 568. 8 88. 0
1968 883. 7 269 1,152.7 23.8 1,058.7 478 1, 531.8 30.9 1,036.8 520 1, 556. 6 33. 4
1964 920. 9 278 1, 197. 0 23. 1 1, 121. 1 491 1, 611. 9 80. 4 1, 039. 6 509 1, 548. 7 32. 8

Transportation equipment Instruments Miscellaneous manufacturing

Year Employees (in thousands) Employees (in thousands) Employees (in thousands)
Ratio Ratio Ratio
(per- (per- (per-

Pro-
duction I

Nonpro-
duction 8

Total 8 cent) 4 Pro-
duction 1

Nonpro-
duction $

Total 8 cent) 4 Pro-
duction 1

Nonpro-
ducGon 8

Total $ cent) 4

1955 1,414. 1 441 1.854. 6 23. 8 229. 6 93 323. 2 28. 8 330. 4 88 896. 2 18. 7
1958 1, 364. 8 489 1, 852. 5 26. 4 236. 1 102 337. 8 30. 2 333. 1 70 403. 0 17. 4
1957 1, 395. 0 514 1, 909. 1 26. 9 238. 1 109 842. 1 31. 9 815. 3 72 887. 2 18. 6
1958 1, 128. 2 479 1, 607. 8 29. 8 214. 8 109 823. 8 33. 8 299. 5 78 373. 0 19. 6
1959 1, 175. 7 486 1, 661. 9 29. 2 230. 8 115 845. 3 33. 3 812. 9 75 887. 7 19. 3
1960 1, 114. 7 472 1, 586. 7 29. 7 232. 6 121 354. 3 34. 2 314. 3 78 889. 9 19. 5
1961 998. 5 462 1,458. 0 31. 7 228. 1 124 847. 4 85. 7 803. 5 74 378. 2 19. 6
1982 1, 061. 1 482 1,542.6 81.2 229. 1 130 358. 7 88. 1 313. 2 78 889. 6 19. 8
1968 1, 112. 8 496 1, 609. 3 80. 9 232. 2 132 364. 7 86. 8 311. 0 76 887. 4 19. 7
1984 1, 131. 8 489 1,620.5 80. 2 233. 6 185 369. 0 36. 7 820. 2 80 899. 8 19. 9

1 Table C-2, p. 234.
2 Table C-3, p. 235.

Table C-1, p. 233.
4 Table C-3, p. 235.

all occupations. The unemployment rate of the
semiskilled operative has been consistently higher
than that for all occupations, and 30 to 60 percent
higher than for craftsmen.

The Korean war and the recessions of 1954, 1958,
and 1961 have caused major variations in the fig-
ures of the output index and employment/unem-
ployment table, making it difficult to note the con-
tributory effects of a specific technology.

A more detailed analysis of employment in the
six fabricating industries is given in table 19 for
the period 1955764. This is essentially the transi-
tion period for the diffusion of the NC technology.
The effects of other automation technologies (e.g.,
Detroit automation, automatic assembly, etc.) are
also blended in so that a separation of the effect of
the diverse technologies cannot be estimated. In
addition to the gains in productivity arising from
automation there are those resulting from gradual,
progressive improvements in manufacturing
methods and management practices.

In the 10-year period, there was an increase of
75,000 employees m the fabricated metal products
industries, which had a total employment of nearly
1.2 million in 1964. More than two-thirds of this
increase was in the category of nonproduction
workers, a category which rose from 20 to 23.1

SOURCE: Manpower Report of the President, March 1985.

percent of the total employment in the industry
group.

The machinery industry showed an increase of
163,000 employees, 68 percent of which was in the
nonproduction worker category. The ratio of
nonproduction workers to total employees in the
industry rose in the 10-year period from 26.2 to
30.4 percent.

The largest employment gain among the six in-
dustry groups was registered by the electrical
equipment industry, which includes the electronics,
communications, and computer industries. The
10-year increase of 308,000 employees was dis-
tributed 63 to 37 in favor of the nonproduction
worker group. The heavy involvement of this
industry group in defense-related industries, as
discussed earlier should be noted.

A decrease of 234,000 employees is observed in
the transportation equipment industry, which in-
cludes the automotive and aerospace industries.
The number of production workers decreased by
283,000, while an increase of 38,000 nonproduetion
employees raised the ratio of nonproduetion
workers to total employment from 23.8 to 30.2
percent.

The iastruments industry showed a net increase
of nearly 46,000 workers, 42,000 of whom were in
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the category of nonproduction workers. The
miscellaneous manufacturing industries registered
a net increase of only, 3,600 employees in 10 years.
Production workers declined by more than 10,000,
while nonproduction workers increased close to
14,000. The increasing ratio of nonproduction
workers to total employees was evidenced in both
these industry groups.

A summary of the changing employment figures
and the ratio of nonproduction workers to total
employees in the six fabricating industries is shown
in table 20. Total employment increased by
361,000 workers in 10 years. The increase, how-
ever, was totally in the category of nonproduction
workers, which grew by 495,000 employees. Pro-
duction workers, on the other hand., decreased by
nearly 100,000. The ratio increased from 23.8
percent in 1955 to 29.3 percent in 1964, a rise of
23 percent in 10 years.

The gradual increase in the ratio of non-
production workers to total employment is evidence
of the occupational shift occurring in industry.
Increasing rationalization and automation con-
tinue the process of shifting decisionmaking to
higher educated and more technically qualified
personnel while at the same time turning routine
operations over to machines. Whether significant
or not, it is noted that beginning in 1961, in the
six industry total and in four of the six industry
groups, there was a reversal in the ratio, and
between 1961 and 1964 a small decrease was
registered.

Employment Implications of NC

Distinct categories of industries should be con-
sidered in assessing the effects of NC on general
employment. These include (1) the NC machine
manufacturing industry, (2) the manufacturers
of auxiliary equipment required for NC, such as
controls and computers, and (3) the user com-
munity. This distinction will help to avoid mis-
leading analogies with horse-and-buggy workers
becoming auto workers or the development of a
completely new computer industry.

TABLE 20. TOTAL EMPLOYMENT AND RATIO OP NON-
PRODUCTION WORKERS TO TOTAL WORKERS IN Six
FABRICATING INDUSTRIES, 1955-64

Year
Production

workers
(in thousands)

Nonproduction
workers

(in thousands)

Total em-
ployment

(in thousands)
Ratio

(percent)

1955 4, 865. 3 1, 521 6, 385. 7 23. 8
1956 4, 968. 1 1, 661 6, 628. 4 25. 0
1957 4, 958. 4 1, 777 6, 735. 4 26. 3
1958 4, 269. 8 1, 721 5, 992. 4 28. 7
1959 4, 584. 0 1, 782 6, 365. 9 27. 9
1960 4, 568. 1 1, 844 6, 412. 3 28. 7
1961 4, 295. 9 1, 857 6, 152. 9 30. 1
1962 4, 556. 4 1, 924 6, 480. 4 29. 6
1963 4, 635. 0 1,966 6, 601. 0 29. 7
1964 4, 766. 7 1, 980 6, 746. 7 29. 3

1. The NO machine manufacturing industry.
NC machine manufacturing will not lead to the
rise of a completely, new industry as happened
with computers. The machine tool industry is an
old and established industry and the production
of NC machines is replacing the production of
conventional machines. In addition, the machine
tool industry is one of its own best customers,
and over 13 percent of the NC machines produced
in the period ending in 1963 were used in the pro-
duction of new machines. The expected purchase
of 42 percent NC machines of the total metal
cutting investment by this industry in the 18-
month period ending December 1966 will ac-
celerate the trend towards automating its own
facilities. Similarly, the analogy to horse-and-
buggy workers becoming auto workers is not ap-
propriate, because the machine tool industry is in
the position of the auto industry of 1955, not the
buggy industry of the turn of the century. The
number of auto workers is being reduced while
the output of essentially the same product is
rapidly increasing.

.As the number of NC machines produced in-
creases, the total number of all types of machines
will be reduced because of the 3 : 1 to 8 : 1 displace-
ment ratio. As a result the number of workers
required to produce fewer machines with more
automatic eguipment will tend to decrease. The
differential in value of the new mix of machines
produced compared to conventional machines may
not be large: however, because of the greater cost
of NC machines.

2. Manufacturers of auxiliary equipment. There
will be created an increasing demand for the elec-
tronic controls sensors, transducers, and servo-
mechanisms needed for NC machines. To a large
extent, these auxiliary devices are today, produced
by other companies that produce them for the NC
machine manufacturers. With the growth of NC
technology, some of the auxiliary controls will be
produced by the machine manufacturers or, in
some cases, as in the aerospace industries, bythe
ultimate user. Because controls have comprised
nearly 30 percent of the total NC product value,
the rising demand and its implications for in-
creased employment can be significant.

The largest users of NC machines usually have
their own computers. Smaller and newer users
of NC machines will tend to purchase a computer
for general use and use it part of the time for NC
functions. Those who cannot justify a computer
only for NC functions will have increasing oppor-
tunity to utilize general service bureaus and spe-
cialized NC computer centers. Thus, a distinctive
rise in computer demand stemming from NC re-
quirements is not anticipated.

3. The user community. As previously suggested
in the discussion of the manufacturing user com-
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munity, the effects of NC will be both industry
and labor selective. That is, NC will have a differ-
ential effect upon the various industries and strata
of workers in these industries. The most far
reaching effects will continue to be experienced in
the aerospace and machinery manufacturing
groups. As NC becomes more widespread in non-
machining tasks, such as wire wrappmg and batch
fabrication processes, for example, it will spread
rapidly, especially in the electronics industries.

The effects of NC on the automotive industry
will become significant within the next few years.
The most time consuming and expensive part of
model changes has been the extensive leasi time
required to design the models and prepare tools
and dies. With the use of NC machmes, diemak-
ing has become a faster and simpler process. It is
reported that nearly all new die-milling machines
purchased by the auto industry are either NC
or NC-adaptable."

The use of automatic drafting machines and
icomputer-aided design techniques s estimated to

have cut 9 months from the 21 traditionally re-
quired to go from a clay model to a body press.
With NC machines for the cutting of dies and mak-
ing bod3r templates, the present lead time of 28 to
30 months for a model change can now be reduced
to 18 months. Within 2 to 3 years it is expected
that this can be further reduced to 10 to 12 months.

Because one of the chief motivations for replac-
ing conventional machines by NC machines is the
saving in labor costs, and because one NC machine
can effectively replace several of the conventional
machines, the number of workers directly em-
ployed on the NC machines will decrease. Fur-
ther, one operator can often control two or more
NC machines. The greater design freedom af-
forded by NC methods and the greater accuracy
and reliability that can be achieved will also tend
to reduce the number of workers required for
assembly, testing, inspection, and quality control.
The nmnber of maintenance personnel required to
service complex NC systems may not be greater
than presently required. Requirements for
draftsmen will decline as computer-aided design
techniques and automatic drafting machines

adually take over many of the draftsman's
ctions.

In contrast to the job-decreasing factors, there
is a compensating factor in the need for NC pro-
gramers. It is doubted, however, that the demand
for programers will take up the slack arising
from displaced production workers. Several de-
velopments also suggest that the role of the pro-
gramer may be reduced. The use of the A.PT,
ADAPT, and other NC-oriented computer lan-
guages reduces the necessity for a programer to
prepare a tape in machine language. Hence the
output of a programer is greatly increased

n Duane** Week, Sept. 11, 1965.
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through the use of an English-language type con-
trol language. Pressure will grow on computer
manufacturers to provide prepared NC programs
on various size computers. This, coupled with the
development of NC service centers, will tend to
prevent the growth of large NC programer staffs.

Of greater importance in the future are the
computer-aided d.esign techniques which may, in
large measure, bypass the part programer and
directly produce an NC tape from an internally
stored design placed in a computer by a design
engineer drawmg lines on the screen of a graphics
console.

The economic competition generated by the full
utilization of NC technology will have its. effect
upon the small and inefficient machine shop, tool
and die shop, and manufacturing plant. Already
the existence of machining centers which are based
entirely on the NC technology are in competition
with conventional shops. Larger firms7 too, for
purposes of both economy and better utilization of
capital and other resources, will look closely at
consolidation of plants. Other structural changes
in manufacturing may also develop from extensive
use of the NC technology.

Employment, 1965-75

The labor force (individuals 14-64 years of age)
is expected to increase from nearly 77 million in
1964 to 93.6 million in 1975. Increases of more
than 4 million will occur in the male age group
20-24 years, 3.5 million in the male 25-44 year
group, and nearly 2 million in the 45-64 year
group. The number of female workers in the last
two age groups is expected to remain relatively
constant at more than 9 million for the 25-44 year
group and 11.7 million for the 45-64 year group.

This labor force will be better educated than
the present labor force. Whereas 46.2 percent of
the nearly 60 million civilians 25 years of age and
over in 1964 had attended less than 4 years of
high school, 38.5 percent of the 70 million over-
25 labor force will be in this category in 1975.
Those with 4 or more years of high school will
increase from 53.8 percent of the smaller labor
force to 61.5 percent of the larger labor force.
Those with only an elementary school education
are expected to decline from 14 to 8.8 percent.

The Department of Labor projects employment
in the manufacturing industries to reach 20 mil-
lion workers by 1975, an increase of 20 percent
from 1960. Employment growth in the electrical
equipment and instruments industries is expected
to be more rapid than in the other durable goods
and fabricating industries. Employment projec-
tions by major occupational groups are shown in
table 21. The number of skilled workers (crafts-
men) is expected to increase, although their percent
of the total employment will remain constant. The
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TABLE 21. EMPLOYMENT BY MAJOR OCCUPATIONAL
GROUP, 1960-75

1960 (actual) 1970 (projected) 1975 (projected)

Occupational group
Number Per- Number Per- Number Per-

(in
millions)

cent (in
millions)

cent (in
millions)

cent

Profesdonal 7. 5 11. 2 10. 7 13. 3 12. 4 14. 2
Craftsmen (skilled) 8. 6 12. 8 10. 3 12. 8 11. 2 12. 8
Operatives (semi-

skilled) 12. 0 18. 0 13. 6 16. 9 14. 2 16. 3
Laborers (unskilled) 3. 7 5. 5 3. 7 4. 6 3. 7 4. 3
All other 34. 9 52. 5 42. 2 52. 4 46. 1 52. 4

Totals 66. 7 100. 0 80. 5 100. 0 87. 6 100. 0

SOURCE: Employment Projections by Industry and Occupation, 1060-76,
Special Labor Force Report No. 28, U.S. Department of Labor, Bureau of
Labor Statistics.

percent of semiskilled operatives is expected to
decrease as is the percent of unskilled laborers.
Only in the professional category is an increase in
percent of total employment projected.

Those occupational groups that will be most di-
rectly affected by the NC technology include
1,120,000 workers (1963), classified as follows : 18

Machine tool operators (operatives) 570, 000
Machinists, layout men, instrument

makers (craftsmen) 360, 000
Tool- and die-makers (craftsmen) 150, 000
Setup men (operatives) 40, 000

These workers were distributed among the
manufacturing industries as follows :

Machinery 315, 000
Transportation 230, 000

Automotive
Aircraft

140,
70,

000
000

Fabricated metal products 220, 000
Electrical equipment 135, 000
Primary metal 70, MO
All other 150, 000

How many of them will be disemployed by the
entry of NC machines into their industries is de-
penaent upon the complex of factors discussed
in this report. Although some disemployment will
be compensated for by the approximately 25,000
replacements required annually for retirements
and deaths, and some workers will be absorbed
by retraining and occupational shifts, the key
problem is employment growth.

Another important factor that will weigh
heavily upon the impact of NC on employment
is the situation in the defense-related industries.
In 1963, 9.5 percent of the GNP was devoted to
purchases of goods and services for national de-
fense, and 9.3 percent of the total employed labor
force was utilized in this production. Four per-
cent of this total, 2,870,000 workers, were in pri-
vate industry : 18

19 Occupational Outlook Handbook 1963-1964, U.S. Depart-
ment of Labor, p. 434.

19 Report of the Committee on the Economic Impact of Defense
and Disarmament, Washington, D.C., July 1965, table A-3, p. 75.

Transportation equipment
Aircraft and parts
Ship and boat building
Other transportation equipment

Electrical equipment and supplies
Ordnance and accessories
Other industries 1,

700,
585,

85,
30,

555,
270,
345,

000
000
000
000
000
000
000

The total value of shipments of products to the
Department of Defense in 1963 was nearly $21 bil-
lion. The total exceeds $25 billion upon adding
shipments to NASA, AEC, and other Government
agencies. The distribution of the value of ship-
ments and the number of employees in the de-
fense-related industries is shown in table 22.

Although the percent of total value that goes
directly to defense is small in some industries, us
in the metalworking, in other industries defense-
related shipments comprise the bulk of their pro-
duction. It is not clear from table 22 whether
shipment of an NC machine, for example, to an
aerospace industry that will employ it in the pro-
duction of a missile is considered a defense-
related shipment.

An analysis of 34 firms with the largest defense
contracts show that defense-related work repre-
sented 75 percent or more of total company sales
for 7 of these firms, 50 to 74 percent for 10 firms,
25 to 49 percent for 8 firms, and 1 to 24 percent
for 9 firms. Defense employment was 10 percent
or more of the manufacturing employment in 15
States, ranging as high as 30.3 percent in Kansas
and 29.6 in California. Several metropolitan
areas were largely engaged in defense work : San
Diego, 81.8 percent ; Wichita, Kans., 71.7 percent.2°

Employment in the defense-related industries
is almost wholly in facilities built for the produc-
tion of specialized equipment. Both the special-
ized equipment, comprising 90 percent of the total
defense production, and the machines and proc-
esses used in manufacturing, are in large measure
the result of heavily funded research and develop-
ment. R. & D. in the fabricating industries was
as shown in table 23 in 1963.

The NC technology will have major impact
upon these industries, and their workers will face
unemployment in shifts from defense spending
and disemployment from adoption of the new
technologies. The number of workers involved by
occupational classification were (1960) :21

Skilled workers 268, 600
Mechanics and repairmen 78, 600
Construction trades 72, 500
Metalworking trades
Other skilled labor

62,
55,

300
200

Operatives 148, 400

21 Defense Conversion Potential, Study made for the Depart-
ment of Defense, Summary report in New York Times, Apr. 13,
1964.

21. The Economic and Social Consequences of Disarmament,
U.S. Arms Control and Disarmament Agency, March 1962, table
8. p. 44.
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TABLE 22. SHIPMENTS AND RECEIPTS OF DEFENSE-ORIENTED INDUSTRIES BY INDUSTRY AND CUSTOMER CATEGORIES,

1963

Industries
Total

value of
shipments
reported

Value of shipments of establishments reporting Government
shipments of more than $100,000

Value of
shipments

of other
establish-

ments

Number of
employees
of estab-

lishments
reporting

Government
shipments

of more than
$100,000

(thousands)

Total

Government

Nongov-
ernment

Total
Prime

contract
Subcon-

tract

Millions of dollars

All industries: Total. 40,315 37, 210 25, 254 20, 030 5, 224 11, 956 3,105 1, 938Total 6, 161 4, 763 746 490 256 4, 017 1.398 224Steam engines and turbines 525 518 95 47 48 423 7 25Construction machinery 2, 565 1, 727 179 137 42 1, 548 838 67Metal-cutting machine tools 887 590 66 25 41 524 297 35Metal-forming machine tools 349 176 19 7 12 157 173 10Computing and related machines 1,835 1, 752 387 274 113 1,365 83 87Total 7, 243 7, 073 4, 879 3, 571 1,308 2, 194 170 376Telephones, telegraph apparatus 1,686 1, 610 138 114 24 1, 472 76 84Radio, TV', communications equipment 5, 557 5, 463 4, 741 3, 457 1, 284 722 94 292Total 3,387 2, 577 1,039 276 763 1, 538 810 195Electron tubes, receiving type
Cathode ray picture tubes 542 348 53 22 31 295 194 25
Electron tulDes, transmitting 283 277 182 86 96 95 6 19Semiconductors 610 590 215 23 192 375 20 48Electronic components 1,952 1,362 589 145 444 773 590 103Total 15, 868 15, 777 13, 851 11,873 1, 978 1, 926 91 785Aircraft and complete guided missiles 9, 246 9, 208 8, 186 7, 771 415 1, 022 37 449Aircraft engines and parts 3,811 3, 803 3, 262 2, 536 726 541 8 178Aircraft propellers ansd parts
Aircraft equipment 2,811 2, 766 2, 403 1,566 837 363 45 158
Shipbuilding and repairing and ordnance, except

guided missiles 3, MO 2, 953 2, 260 2, 085 175 693 107 132Total 3, 431 2, 922 1, 508 947 561 1, 414 509 133Scientific instruments 1,550 1,415 1.202 718 484 213 135 74Aircraft engine instruments, except flight
Other mechanical and controlling instruments

(including nuclear radiation)
280 200 118 75 43 82 80 14

Optical instruments and lenses 1, 601 1,307 188 154 34 1, 119 294 45Photographic equipment
Miscellaneous industries 1,165 1,145 971 788 183 174 20 43

SOURCE: Report of the Economic Impact of Defense and Disarmament, Washington, D.C., July 1965.

TABLE 23. FUNDS FOR RESEARCH AND DEVELOPMENT
BY INDUSTRY AND SOURCE, 1963

Industry

$ million Federal
Govern-
ment as

percent of
totalTotal

Federal
Govern-

ment
Company

Total 12, 723 7, 345 5,378 57. 7

Fabricated metal products 162 29 133 17. 9Machinery 977 264 713 27. 0
Electrical equipment 2, 483 1,562 921 62.9
Motor vehicles and equipment 1,103 289 814 26. 2
Aircraft and missiles 4, 835 4, 371 464 90. 4
Instruments 497 232 265 46. 7

Source: Report of the Committee on the Economic Impact of Defense and
Disarmament, Washington, D.C., July 1965, table A-17, p. 88.

The vulnerability of workers in the five major
defense-related industries (ordnance, SIC 19 ;
communication equipment, SIC 366 ; electronic
components, SIC 367 ; aircraft, SIC 372; ship
building, SIC 373) to the war/peace situation is
shown in employment figures. Between 1962 and
1964, for example, employment was down 6.2 per-
cent in these industries, with a drop of nearly
50,000 workers in the aircraft industry alone. A

similar decline occurred in the the communication
equipment industry. More than 200,000 workers
had been laid off since 1962 in 16 of the major
defense-producing States.

The cumulative effects of automation in the
fabricating industries in which NC technology has
only begun to have an impact is indicated -by an
economic review of the 1955-64 period. At a time
when GNP rose from $397.5 billion to $622.3 bil-
lion (values in current dollars), and total employ-
ment rose from 63 million to more than 70 million,
employment in the fabricating industries in-
creased by only 361,000 workers. Thus less than
5 yercent of the employment increase was con-
tributed by a group of industries comprising 9.6
percent of the total employment and nearly 31
percent of the total number of craftsmen and oper-
atives. During the 1955-62 period_, the contribu-
tion of these industries to the total GNP rose from
$67.9 billion to $74.1 billion with an increase of
only 95,000 workers. Thus a large expansion in
the general economy was required for the number
of employees in the fabricating industries to
remain relatively stable.

The changeover to NC machines is sometimes
associated with the changeover to more complex
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and labor intensive fabrication. This is especially
true in the aerospace industries. The labor com-
ponent in fabrication of a DC-8 iv+ plane, for
example, is estimated to be four dines that of a
DC-7 propeller plane. The disemployment aris-
ing from NC is therefore masked by the increased
labor demand resulting from the more complex
engineering desipi.

Increased design complexity with its resultant
need for labor and increased demand, however,
need not always be employment creating. One of

the motivations for introduction of NC, besides
labor savings, is economy of scale, decreasing the
cost of production by more intensive and ration-
alized manufacturing methods. Hence an expand-
ing economy with an increasing product demand
will itself generate pressures to install NC ma-
chines with their laborsaving potential. This has
been the experience of the auto industry in regard
to automation. By itself, the NC technology does
not appear to hold promise to create jobs and will
tend, in the long run, to diminish their number.



PART 2: STATUS AND POTENTIAL OF AUTOMATIC ASSEMBLY

6. Summary and Conclusions
Automatic Assembly Technology

Assembly is a process for combining individual
component parts to form a useful product. The
process is called subassembly if the product must
be further combined to perform its ultimate func-
tion; if no further combination is required, it is
referred to as final assembly. The two aspects of
assembly pose different degrees of technological
problems and it is usually the simpler subassembly
processes that have been automated.

More than 50 percent of manufacturing cost is
attributable to the assembly process. Neverthe-
less, the mechanical complexity of assembly auto-
mation and the relatively high machine costs have
made replacement of the human assembler by ma-
chine a 'difficult and expensive task.

Beside the technological complexity of the auto-
matic assembly machme there are four associated
problems for which solutions must be found by
users before automatic assenibly becomes wide-
spread.

(1) For full exploitation of the technology,
the product should be designed to some extent
for automatic assembly, rather than simply
attempting to construct an automatic machine
to assemble a product evolved for manual as-
sembly.

(2) Component reliability must be en-
hanced because a machine cannot adequately
replace the senses of an assembly worker in
detecting flaws, etc.

(3) Control must be made and maintained
over more types of components, especially in
relation to part orientation.

(4) Although measurable quality char-
acteristics can be inspected by a machine, it
is extremely difficult to inspect and control
attributes of quality such as color, surface
finish, or general appearance.

The automotive industry has pioneered in the
development of automatic assembly techniques and
has automated some internal mechanisms and sub-
assemblies but not final assembly. The electronics
industry has automated assembly of circuit boards
and other standardized modules. Light bulbs,
radio tubes, tin cans, safety razors, ball bearings,
ball-point pens, portions of cameras, watt-hour

meters, and clocks are products which have been
automatically assembled

The products above are usually small, stand-
ardized, of stable design, and are produced hi very
large volumes. Becaus3 most assembled products
do not satisfy these conditions, they are not pres-
ently amenable to automatic asseml3ly.

A fuller utilization of automatic assembly is
dependent upon the development of general-pur-
pose machines that will be capable of handling
many applications and can be reprogramed. Such
machines are visualized as multistation, in-line
transfer or rotary machines having a facility pro-
viding for the automatic assembly of multiple
products through computer control of the stations
on the machine.

The economic feasibility of automatic assembly
is dependent on high volume production, estimated
at a minimum of 500,000 units annually. Labor
time and cost is another important consideration.
In addition, model design variations, frequency
of assembly, stability of product design, and
product complexity are factors which enter into
a cost analysis.

Economically justifiable automatic assembly
now costs about $5,000 to $71000 per single station
on a special-purpose machme for small assem-
blies. -The payback period usually desired and
often achieves:1 is 1 to 2 years on a one-shift basis.
As development costs go down through increased
standardization of assemict- equipment, and as
users become skilled in designmg products for
automation, equipment costs for automatic assem-
bly machines can be expected to decrease.

Diffusion in Industry

The Transition Stage. Two techniques have been
used to assess the diffusion of automatic assembly
technology. One method was to develop a model
of technological diffusion and identify the status
of automatic assembly in regard to the model. The
second technique was to list diffusion constraints
and estimate their restraining effects upon the
widespread and rapid diffusion of the technology.

Automation is progressing unevenly in the fab-
ricating industries, moving at a rapid pace in ma-
chining departments and slowing to a crawl in
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assembly departments. Assembly continues to be
mostly handwork whereas machining and forming
operations are being extensively automated.

Automatic assembly, as defined in this report,
emerged as a specialized technology in the early
1950's. Because of the many problems associated
with the technology, the experience of many early
users was not completely satisfactory, and further
development languished during the period 1950-60.

Both the limits and potentials of automatic as-
aembly came to be better understood, however, in
both a technological and an economic sense.

During the past 5 years the development and use
of special-purpose automatic assembly machines
has indicated a revived interest. The automotive
industry is the largest user of automatic assembly
techniques, accounting for between 50 to 70 per-
cent of all automatic assembly installations. From
5 to 15 percent is accounted for by the consumer
appliance industry, and the remainder by all other
industries.

An assessment of the developments in automatic
assembly since 1950 in terms of the four-stage dif-
fusion model described in part 1 indicates that
the technology has completed the stage of pre-
technology and is now in the transition stage.
More models of automatic assembly machines are
being produced in a varying price range and an
increasing number of applications are being
found.

The transition period will _probably be lengthy
in contrast to the short periods experienced by the
computer and numerical control technologies. 'The
takeoff stage may not begin until well past 1975

for it is dependent upon development of a flexible,
programable assembly machine comparable to the
numerically controlled machining center.

Diffusion Constraints. The rate of diffusion is
dependent upon the aggregate of decisions which
plants make in accordance with the following
criteria :

1. Is the technology amenable to the unique
circumstances of the individual plant ?

2. Is the technology economically feasible;
that is, will it result in reduced costs and in-
creased productivity I

3. Can the capital investment required for
equipment, retraining, and maintenance be
justified and obtained V

Operating in the context of the general economic
situation, plants will be influenced in their de-
cisions by diffusion constraints. These constraints
are factors which will tend to restrain the growing
use of automatic assembly machines and impede
their expansion into all areas of the fabricating
industries. These constraints appear in the ma-
chine industry, the user community, and the
worker community.

The number and size of automatic assembly
machine manufacturers will be a major limiting
factor to substantial growth in the number of
automatic assembly installations. The 10 to 12
companies that produce complete assembly sys-
tems are generally small (the largest company em-
ploys 150 workers) and funds for new product
development are limited. These companies Fe
oriented to small volume, custom designed equip-
ment.

Automatic assembly equipment designed and
built by the user community could equal or exceed
the number of machines built by the assembly
equipment manufacturers. About 100 small com-
panies, some with less than 20 workers, supply
specialty devices for automatic assembly to 13oth
assembly manufacturers and users.

The potential user community is a highly hetero-
geneous collection of 87,000 manufacturing estab-
lishments (1958) varyinr in size from several to
many thousand workers. Nearly 70 percent of
the plants employ less than 20 workers, but the
remaining 30 percent account for 94 of the total
employment and the bulk of the capital expendi-
tures.

Thirty-seven 4-digit SIC code industries, out
of 147 in the 6 fabricating industries, are deemed
most amenable to automatic assembly. The diffu-
sion of automatic assembly within subgroups of
industries and particular establishments will be
constrained by the volume of production and in
many cases by the number of workers employed.
The majority of automation ventures will occur,
it is believed, in plants employing 500 or more
workers.

Because many of the smaller plants produce
specialty products often in volumes below that
required for automatic assembly, widespread dif-
fusion of automatic assembly in these plants is not
foreseen in the next decade.

The potential market for automatic assembly
machines has been estimated at about $250 mil-
lion. This would imply the production of more
than 2,500 machines.

The social and economic implications of auto-
matic assembly as a part of automation confront
the workers and the unions with a difficult situa-
tion. The struggle over worker satisfaction, oc-
cupational status, changing skill requirements,
and seniority will serve as constraints in a social
system in which economic values must compete
with other values in the allocation of resources.

Employment Implications

Employment Review, 1950-64. The cumulative ef-
fects of automation in the fabricating industries
in which automatic assembly technology has only
begun to have an effect can be glimpsed from an
economic review of the period 1950-64. This
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period has coincided with the advent of the auto-
mation era and includes the maturation stage of
computer technology and the transition stage of
numerical control technology.

The average annual increase in the index of out-
put per man-hour, one measure of productivity,
was 2.5 percent during this period ; 1.8 percent
from 1950-54 ; 2.5 percent from 1955-59 ; 3.1 per-
cent from 1960-64.

The number of operatives in all industry in-
creased by 0.7 million in the 18-year period begin-
ning in 1947, while their percent of total
employment fell from 21.2 to 18.4 percent of total
employment. Semiskilled operative unemploy-
ment has been consistently higher than for all
occupations and 30 to 60 percent higher than for
craftsmen.

In the six fabricating industries during the
period 1955-64, total employment increased by
only 361,000 workers. The increase, however, was
in the category of nonproduction workers, which
grew by 459,000 employees; production workers
decreased by 100,000. During this period, the ratio
of nonproduction workers in the six industries
rose from 23.8 percent of total employees to 29.3
percent, a rise of 23 percent in 10 years.

A more detailed analysis of the three-digit SIC
code industries which include the 37 four-digit
code industries deemed most amenable to auto-
matic assembly shows a gain of over 200,000
workers in the 5-year period 1959-64. A large
portion of this gain resulted from the shift of semi-
skilled workers from machining to assembly.

A comparative study of the number of opera-
tives and assemblers in the 25 largest industrial
States in 1950 and 1960 corroborated this trend
and showed a 58-percent increase in the number
of assemblers with only an 11-percent increase in
the numbers of operatives.

The Outlook. No significant employment in-
creases are foreseen in the coming decade among
the manufacturers of automatic assembly equip-
ment because of the projected slow growth and
diffusion of the technology.

It is estimated that if machines currently avail-
able were fully used on current production vol-
umes, 6.25 percent of the nearly 1.5 million pro-
duction workers employed in the 37 industries most
amenable to automatic assembly would be disem-

1-341

ployed. The number of workers who would be
affected totals 94,000.

This disemployment figure is a qualified estimate
based upon a static tecMiological and economic
situation. Other industries may also be amenable
to automatic assembly and the clisemployment ef-
fects will not be ecjual in all establishments. Since
the technology is in a transition stage, many tech-
nological developments can be expected in the next
decade and the disemployment effect of these ma-
chines cannot be anticipated.

The disemployment estimate, it should be em-
phasized, does not consider assembly processes that
are not fully automatic but which may have a cu-
mulative (led upon employment that is equal to
or greater than automatic assembly.

Because of the slow and restricted growth of
automatic assembly, assembly work will be able
to continue to absorb a considerable number of
workers displaced by other aspects of automation.
The decade 1975-85, however, will witness greater
disemployment. This development will be sig-
nificant because of the number of relatively
unskilled workers, women, young people, and mem-
bers of minority groups who are engaged in as-
sembly work. Automatic assembly will tend to
close off an employment absorbing sector of the
economy from these workers who constitute a
growing percentage of the unemployed.

Skill Requirements and Occupational Shifts

Assemblers are generally semiskilled workers
engaged in routine operations. Special training
is usually of short duration and is normally ob-
tained in-plant on the job. Skilled assemblers are
required in some Industries, usually in final
assembly.

Automatic assembly will disemploy those work-
ers whose tasks are directly performed by the
machines. Some semiskilled jo-bs will be created
by the necessity to load, feed, operate, and moni-
tor the automatic machines.

New occupations will be established for machine
maintenance. Mechanical skill and knowledge of
electronics and servomechanisms will be required.
Computer technicians will eventually be needed
when programable machines come into use. In-
spectors, quality control men, machine and product
designers will be needed at the professional level.
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enthusiastic attempt to fully automate assembly
operations by several manufacturers. The results
were extremely disappointing and cast a stwma
over automatic assembly that is only now disap-
pearing.

In 1954, research was initiated at the Harvard
Business School which was aimed at the analysis
of the management implications of rapid tech-
nological progress in the area of production. Two
studies established that special machines appeared
to be good investments but many unexpected diffi-
culties were encountered. Almost all of the prob-
lemsareared to be a consequence of newness and
unfa iliarity. Many projects took longer than
expected, cost more than budgeted, did not perform
as efficiently as desired, and, in general, required
more energy, skill, and resources than anticipated.

The initial study was conducted by James R.
Bright in 1955-57, who reported that special ma-
chines had special problems :

The Technology

The term fabrication, as it is commonly used,
refers both to the production of individual piece
parts and to the combining of these individual
piece parts to generate a useful product. The
latter activity is commonly referred to as a&sembly.

Assembly is the process of combining individual
component parts to form a useful product. If the
formed prod.uct is to perform its ultimate function
without further combmation with other piece parts
or products (e.g., an automobile) it is commonly

Ireferred to as a final assembly. f, however, the
product must be combined with other components
before it can perform its ultimate function (e.g.,
an autoniobile's voltage regulator), it is commonly
referred to as a subassembly.

Within the last few years there has been an
increasing awareness of the significant role as-
sembly plitys within the entire industrial economy.
One authority has estiillated that from 50 to 60
percent of the time, money, and manpower in-
vested in the total manufacturing process is spent
on assembly. The excessive absorption of labor
resources by the assembly activity is due to the
fact that assembly remains mostly hand work
while many of the other major production proc-
esses are highly mechanized.

Automatic assembly remains in its infancy and
the reasons are widely recognized and well re-
corded. As reported by Foster : 22

1. Automatic assembly involves very complex me-
chanical handling, and the economies are often on
the side of human labor.

2. Automatic assembly can best be applied to compo-
nents that will go together without difficulty ; other-
wise the process will come to a grinding halt, to
the accompaniment of very expensive noises. In
turn this involves either 100 percent inspection of
the components to be fed to an automatic assembler
(or their inspection within the machine itself ), or
alternately, the component parts must be designed
so that every conceivable act of mismanufacture
cannot cause assembly trouble. This latter is a
very unlikely achievement.

3. Unlike most machine tools, automatic assemblers
are custom built to suit a particular assembly and
since they are expensive, the obsolescence risk is
very high if product changes are to be made.

A fourth reason, not stated above, for the rela-
tive lack of automation in the area of assembly, is
that about 8 to 10 years ago there was an over-

n D. Foster, Modern Automation, London, 1903.
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Regardless of who makes the equipment : The user,
an automatic specialist, or an old line machining
manufacturerthis equipment is harder to build than
most people think. Automation is a difficult mechani-
cal art."

The second study included a comprehensive and
penetrating analysis of 47 special machine proj-
ects. After a year study of 18 plants and 9 vendors
of special automatic equipment it was concluded
that the acquisition of special automatic equip.
ment was a complex and difficult task and more
risky than the acquisition of production facilities
generally."

Assembly Machines. Assembly machines can be
classified as general purpose and special purpose
machines. Special purpose machines can-be fur-
ther subdivided into . proprietary machines (built
to order for the assembly of a particular item)
and standard machines (those that exist in 'some
degree of completion in the manufacturer's inven-
tory).

Special Purpose Assembly Machines. Many
proprietary machines are designed by the using
company and built by specialty machine com-
panies. The machines are used for high speed

n J. R. Bright, Automation and Management, Harvard Univer-
sity, Cambridge, 1958.

P. Mend, Management Problems in the Acquisition of Special
Automatic( Equipment, Harvard University, Cambridge, 1901.
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production in many industries where the products
are small and produced in volumes running into
the millions each year.

Standard special purpose assembly machines are
not special purpose in the same sense that a can-
making machine is. They are not built to the
customer's design, but are more in the category of
semiautomatic machine tools, since they can be
adapted to perform a whole class of assembly
operations. Retooling is more expensive, how-
ever, than for a semiautomatic machine tool, aver-
aging 30 to 50 percent of the original machine
cost. There are five or six major producers of
these machine:3 who produce them in a variety of
sizes. The machines are constructed of standard,
interchangeable units, making their cost much less
than for specially designed machines. These ma-
chines are of two kinds, rotary indexing machines
and in-line transfer machines.

Rotary indexing machines. Rotary indexing
machines have a round table with the assembly ma-
chine heads mounted around the circumference.
Typically their use involves a worker in the cycle,
with the major component fastened into a fixture
or pallet and indexed around the table from station
to station where the other components are fastened
to it. At the end of the cycle the worker removes
the finished assembly. As many as 20 to 25 com-
ponents can be assembled in one rotation of the
table.

In-line trans ler machines. In-line machines are
also indexing machines. The pallet, or holding
fixture, moves along the machine and is transferred
from work head to work head. Empty pallets are
returned to the loading station on a conveyor run-
ning beneath the machine table. The pallets are
manually loaded and unloaded, requiring the serv-
ices of two workers for the single-side model. In
the double-side model, the pallets move in a
rectangular path around the periphery of the ma-
chine and one worker can both load and unload.
With both the in-line and rotary machines it is
essential that the assembly be performed with the
major component held in a fixture.

The in-line machine has some advantages over
the rotary machine. New stations can always be
added, either at the end or in the middle. The
cz_pacity is not fixed as it is on the rotary machine.
In-line machines also allow for easier access for
maintenance and tooling and it is easier to insert
a worker in the line.

There are on the market a large number of
standardized hoppers and selectors for attaclunent
to these indexing assembly machines. These de-
vices store the part, select those having the desired
orientation, ansi forward them into a track or
magazine for transfer into the assembly location.25

25 K. R. Treer, Parts Selectors, Manufacturing Engineering
Council, North Olmstead, Ohio, 1962.
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General Purpose Assembly Machines. These
are the machines frequently referred to as
"robots," and a number of them can best be de-
scribed as one-armed mechanical men. They are
designed to perform a variety of transfer or sim-
ple assembly operations, but at present their
manufacturers are emphasizing transfer applica-
tions. The advantage of the general purpose over
the special purpose machines lies in their ability
to do a number of different tasks by relatively
simple reprograming.

Historically, the dexterity solutions developed
by the Atomic Energy Commission for their
manipulators of radioactive materials were per-
haps the forerunners of today's general purpose
machines. However, it took the marriage of two
technologiesdexterity solutions and the posi-
tioning technology developed for servomechanism
applicationsto make general purpose machines
a reality.

General purpose machines will probably find
their best assembly applications in the production
of large products because they are well suited to
performing assembly operations from an external
position relative to the work. By comparison,
special purpose machines lend themselves better
to small assemblies where the operation takes
place while the work is passing through or under
a work station.

Programing these machines is accomplished by
manually moving the manipulator through the
desired motion path. By means of push buttons,
continuous recording, or other means, the manual
movements are stored in memory by the con-
troller on magnetic tape, a driun, or other storage
device. Once programed these machines can con-
tinuously reproduce the original manual move-
ments.

General purpose asSembly machines are expen-
sive, and the larger ones are being used mainly
for transfer work that is particularly fatiguing or
unpleasant. In these situations, the payback pe-
riod is often short and workers are inclined to
accept the machines readily. As an example of
the short payback period possible in an installa-
tion of this type, m one application, work was
performed 3 shifts a day, 7 days a week, by oper-
ators being paid $4.32 per hour. Savings from
the displacement of three operators required per
shift meant a payback period of 5 months on
approximately a $24,000 machine.

Technical Problems of Automatic Assembly.
There are four major technical problems of auto-
matic assembly not related to the assembly ma-
chine itself. Two of these, product design for
automatic assembly and component reliability, are
prior to the process, and two others, component
orientation and process inspection, occur in pro-
duction.
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Product Dectign for Automatic Amembly. In
designing components for automatic assembly,
the engineer must frequently rethink basic design
principles. For example, one accepted general
principle calls for havmg as few components as
necessary to constitute the assembly. This prin-
ciple must now be modified to make components
sufficiently simple so that they do not snarl when
handled in bulk

'
can be oriented with ease, and

can be assembled with simple, direct motions.
Component design can greatly influence the ease

with which components are handled in hoppers
and automatic feeders. Devices used in automatic
part-feeding hoppers rely on the tendency of the
part to fall, position, or deposit itself in a given
attitude. The automation engineer tries to deter-
mine for each part the attitude it is most likely to
take and hold. He then inserts into the system a
device to eject all parts not in this attitude. All
parts in the correct attitude are automatically fed
into the assembly machine."

Designers are learning that simple, straight-
motion, self-fasteners are preferable to threaded
fasteners that require rather intricate equipment
for feeding and turning. Screws, nuts, and bolts
are giving way to riveting and staking, which fre-
quently means that the assembly cannot be taken
apart for repair. Permanently sealed,. discard-
able subassemblies and self-lubricating mecha-
nisms are becoming more popular, partly for this
reason. Instead of repairing them, they are dis-
carded as units, and new units are installed.

Component Reliability. The reliability of an
automatic assembly process is a function of both
component reliability and machine reliability.
Of these, component reliability presents the
greater problem.

With removal of the human assembler, who
could detest even slight flaws in components, a
thorough analysis of component reliability be-
comes essential. This usually results in a marked
upgrading of acceptable reliability levels because
even the most elaborate type of control instrumen-
tation cannot adequately replace the senses of an
assembly worker.

In automatic assembly, part tolerances must be
held very tight and flaws or dirty parts, formerly
considered minor problems, can take on major
significance when they cause downtime on ex-
pensive automatic machines. To illustrate the
problem of machine downtime resulting from un-
reliable components, consider this hypothetical
situation. Assume a machine assembles 20 com-
ponents, each component being assembled by a
separate machine head in one-tenth of a minute.
The production rate of the machine would theo-
retically be one assembly each one-tenth minute,

A P. C. Noy, "Automatic Assembly : Check-Chart for 5lngie-
Part Complexity," Product Engineering, Mar. 81, 1958, pp. 12-5.

or 4,500 per 450 minute shift. Assume also that
the entire machine stops each time a machine head
is jammed or prevented from operating by a faulty
component. If the number of defectives averages
only 1 percent for each component, and each time
the machine stops for a defective component it
takes 2 minutes to get it started again, then the
machine will be down 80 percent of the time, and
production will drop from a theoretical 4,500 per
shift to only 900 per shift. To reduce machine
downtime, component reliability would have to be
greatly improved, the number of components as-
sembled by the machine reduced, or the machine
be made self correcting.

Component Orientation. Another major tech-
nical problem of automatic assembly is that of
gaining control over, and maintamm . proper
orientation of the components. The I culty in-
volved in achieving proper component orientation
has given rise to the practical idea of not losing
control of a part once control has been accom-
plished. Two related factors define the orienta-
tion problem : 1) The number of planes of sym-
metry or complexity of shape of the component,
and 2) the number of planes of entry, or ease of
insertion of the component into the assembly.

The shape of a component greatly, influences the
ease with which it can be automatically handled
and positioned. A sphere whose planes of sym-
metry are infinite, can 13Z most easily handled,
whereas a component that can take only one posi-
tion at the point of assembly is most difficult to
handle.

In addition to designing components for ease of
automatic handling the is the problem of awk-
ward shapes and palrets such as springs, which tend
to snarl. This can sometimes be solved by keeping
control over the orientation of such components
during the entire manufacturing process. One
way of achieving this is to integrate machining
and assembly. The problem of a snarling coil
spring, for example, can be solved by putting an
automatic spring-winding station in the assembly
machine and have it make springs as they are
used. Another solution is to have springs manu-
factured and placed directly into a magazine for
use on the assembly machine.

There is also frequently a problem of inserting
awkwardly shaped components into an assembly,
since it is difficult and costly to accomplish a change
of direction during the inserting motion. Com-
plex motions involving two or more axes of move-
ment, such as a horizontal insertion followed by
a vertical thrust, require more intricate mechan-
isms than simple straight-line motions. The solu-
tion to this problem frequently lies in redesigning
the component into more simple form.

Orientation is very difficult to maintain over
components that lack rigidity or trueness of shape.
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Flexible parts of indeterminate attitude, such as
lengths of thin wire, paper, cardboard or plastic
insulation, rubber gaskets, and so forth, are dif-
ficult to control an:1 insert automatically. Such
components may require the inclusion of a manual
station in an otherwise automated assembly line.
Manual stations may also be required for the as-
sembly of fragile parts or materials which may not
be able to withstand the mechanical action of bulk
feeding devices.

Process Inspection. Automatic assembly has
both an advantage and a disadvantage in process
inspection. The advantage is that it allows for
economic and effective use of 100 percent inspec-
tion of measurable quality characteristics. The
disadvantage is that removal of the human assem-
bler makes it extremely difficult to inspect and con-
trol attributes of quality, such as color, surface
finish, or general appearance.

With 100 percent inspection possible, the once
outmoded technique of selective assembly can be
used again with great benefitcomponents of
slightly differing size can be selectively mated in
assembly to produce a product held to tight toler-
ances without increased precision in maehining."

A distinct disadvantage of automatic assembly
is the loss of continuous surveillance of the parts
and process normally performed by assembly
workers. Machines are still incapable except at
prohibitive costs, of exercising a general overview
of the quality attributes of a lorocess. Frequently
this function is performed in automatic assembly
by a worker who is also assigned the task of feed-
ing large or awkward parts into the machine, or
removing finished assemblies.

Two basic kinds of inspection control systems
are used on assembly machines, instantaneous and
memory. The instantaneous system stops the as-
sembly machine on detection of a malfunction,
while the memory system ejects bad parts or assem-
blies at a subsequent time without stopping the
machine. A memory system does not assure con-
tinuous machine running, however, since persistent
malfunction will inevitaloly force human interven-
tion and usually machine shutdown. It can mean
less machine downtime, though, since the machine
will keep running despite sporadic malfunction.

Automatic Assembly In Operation. Certain in-
dustries, notably automotive and electronics, have
accomplished varying degrees of automatic assem-
bly on some mass production items.. In the fol-
lowing examples, the products are mostly rather
small, of stable design, and are made in very high
volumes. Assembly has been performed mostly
by special purpose machines.

R. Dsken, "Automatic Assembly," Mechanical Engineering,
May 1960, pp. 40-42.

206-754-66--vol. I 28

1-345

Automatic Assembly in the Automotive Industry.
The automotive industry has achieved some auto-
matic assembly on internal mechanisms and sub-
assembliest but not on final lines. The automatic
assembly is done by special purpose machines,
many designed by the automotive companies
themselves, but a fair portion of them built by
specialty companies.

Engine-block assembly line. This uses an in-
line machine, whose design follows closely that of
a machining transfer line. It has a heavy cast
bed with ways,indexing mechanisms, and locating
stations. Engine blocks are indexed from station
to station, located and securely held while the as-
sembly operations are being performed.28 This
machme is illustrative of the class of in-line index-
ing assembly machines used in the automotive in-
dustry for major components.

Piston connecting-rod assembly machine.
is a rotary indexing machine made by a specia
company to assemble the two major parts of the
piston connecting rod with two bolts -and nuts.
One operator on this machine does the work of a
previous 20-man line. The machine turns out
about 3 million rods per year on a two-shift basis
and is illustrative of the class of rotary indexing
machines used in the automotive industry for
smaller subassemblies.

Spark plug assembly line. This makes almost
the entire plug automatically and automatically
packs the completed plugs into boxes. The line
contains several automatic inspection and mon-
itoring stations and is typical of the very high
volume in-line machines used for small automotive
parts. Including assembly workers, setup, and
maintenance men, the line represents a labor cost
reduction of 66 percent compared with the pre-
vious hand assembly method.

Automatic Assembly in the Electronics Industry.
The invention of printed circuitry and solid state
components has allowed the assembly of many
electronic devices to be made virtually automatic.
With automatic inserting machines, programed as-
sembly of electronic components to printed circuit
boards is economical for fairly short runs. A
board of smaller size, containing about 30 com-
ponents, requires about 20 minutes for hand as-
sembly. It is assembled in about 1.5 minutes with
a relatively slow type of automatic inserting ma-
chine.

Automatic Assembly in Other Industries. For
many years light bulbs, radio tubes, tin cans, and
some safety razors have been automatically as-

21G. H. Degroat, "Automatic Assembly," American Machinist,
Sept. 10, 1956, pp. 180-148.
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sembled on proprietary machines built especially
for the purpose. More recently ball bearings,
roller skate wheels, ball-point pens, and parts of
cameras have been assembled automatically on ma-
chines considerably more sophisticated than those
used for the first group. Most recently, items
involving many moving parts, such as watt-hour
meters and clocks, have been automated."

At one of the largest American clock makers,
one clock assembly has been made almost totally
automatic. The line produces about 6,000 clocks
per day at a cycle time of 4 seconds per assembly
station. There are 57 assembly machine heads
in a line stretching for a length of about 170 feet.
Fifteen workers man the line, doing maintenance,
inspection, feeding, and miscellaneous work. The
line assembles the entire clock.

The above examples demonstrate that auto-
matic assembly can be achieved economically for
standardized products that are not too large, are
of stable design, and are produced in very large
volumes. Most assembled products, however, do
not fit this description. Either they are not suf-
ficiently standardized or the volumes produced
are not large enough. Techniques of automatic
assembly to meet the general needs of fabricating
companies have yet to be developed.

Technological Trends

The technology of automatic assembly derives,
in part, from automatic machining. It is some-
times difficult to distinguish where machining
leaves off and assembly begins in automatic in-
stallations, for many machining operations have
either replaced or been combined with assembly
operations. Die-casting as a fastening operation
is an example.

The special purpose assembly machines are
further advanced than general purpose machines
and will retain this lead for some time. This is
natural since special purpose machines are pat-
terned after automated machine tools, whereas
general purpose machines are almost an entirely
new concept. Furthermore, since work being
done manually on assembly lines lends itself
quicker to automatic assembly for which special
purpose machines are especially adept, special
emphasis will be placed on the development of
these machines.

In attempting to build a general purpose ma-
chine capable of handling many applications,
more difficulties must be overcome than for a
single purpose machine. General purpose ma-
chines will find their greatest early usefulness in
the assembly of larger products and in automating
certain batch type work. They should also be use-
ful to load and unload special purpose assembly

29 C. J. vlahos, "Assembly Automation Runs on Toy Train
Principles," Mill and Factory, January 1961, pp. 86-89.

machines. Of these, unloading will be the easier
application, since it is almost always done with
the object already oriented and firmly located.

It is in the area of general purpose or computer
controlled machinery that automatic assembly will
make its greatest strides. This does not imply a
future abundance of the anthropomorphic types
of "robots" discussed earlier. Machines are
visualized as being perhaps similar in structure
to the multistation in-line transfer or rotary ma-
chines discussed earlier, with an additional facil-
ity providing for the automatic assembly of
multiple products through computer control of
the stations on the machine.

Economic Considerations

Factors. Influencing Economic Feasibility. The
roots of automatic assembly costs often lie deep
in the manufacturing process Comparing the au-
tomation of a machinmg operation and an assem-
bly operation, for the machining operation, cost
analysis usually, requires only a comparison of
rather obvious direct and indirect costs incurred
to produce a single part on an automatic or non-
automatic machine. In automatic assembly, how-
ever, the costs of assembling many parts must be
considered. The cost of assembly becomes a func-
tion of the reliability of the assembly machine it-
selft as well as of the reliability of all the previously
performed operations on the component parts.
The costs of automatic assembly, therefore, would
include such costs as those incurred to provide
greater tool control and more frequent tool changes
m machining operations. A correct cost analysis
would assign to the automatic assembly operation
all costs of providing better component quality and
reliability beyond that normally required for the
proper functioning of the finished product.

Volume of production is perhaps the most im-
portant factor cletermining the economic feasibility
of automatically assembling a product. One ma-
chine tool representative says a minimum of 500,-
000 units annually is required for automatic assem-
bly, depending upon assembly design and the
difficulty of performing manual operations.8°
Another representative of the same tool company
says that in order to utilize equipment fully, pro-
duction requirements should be 600 or more units
per hour, due to the short machine cycles of 2 to
6 seconds.81

Information on volume alone, however, is not
sufficient for a good cost analysis, as labor cost and
time are also important factors. High volume and
high labor content normally imply, a quick amorti-
zation of automatic assembly equipment. High
volume with low labor content should signal a

ao A. R. Wiese, "Why You Should Consider Automated Assam.
bly," Machinery, March 1964, p. 93.

81 C. C. Holloway, "The Assembly Machine Today," dumbly
Engineering, April 1964, p. 30.
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closer analysis of such factors as design stability,
quality and reliability of the assembly, flexibility
of scheduling, and space saving, inasmuch as this
type of production is not as amenable to automatic
assembly. Low volume with high labor content
makes automatic assembly profitable if the design
remains stable over a period of time sufficient to
amortize the investment.

Model design variations and frequency of assem-
bly must also be considered. In order to display
the frequency of assembly of all models, a fre-
quency distribution chart can be made. Following
determination of frequency of assembly, design
variations among mod.els must be consid.ered. .A
study can then be made of the additional expenses
of more flexible machinery to handle more than
one model. This entire analysis is analogous to
determining whether to build various product
models on several single model manual assembly
lines or on a fewer number of mixed-model lines.

Stability of product design is still important,
despite the increasing standardization of assembly
machine elements, because a total assembly system
requires considerable tooling and engineering ex-
pense. Many opportunities, however, for worth-
while automatic assembly applications are lost,
because no one has the courage to freeze product
design for a period of time, even though the same
designs continue unchanged for years.

Product complexity may dictate the method of
assembly. Complex assemblies, requiring com-
pound motions of assembly machines, often mean
that semiautomatic assembly or manual operations
with mechanical assists should be used, rather than
fully automatic equipment.32

A receptive atmosphere, including all levels of
management and engineering and production per-
sonnel through the plant levek is an important
intangible for a successful automatic assembly
venture.

It appears that operations performed on pro-
gressive assembly lines are easier and less costly to
automate than those performed by the single sta-
tion bench or batch method. The relative ease and
lower cost derive from the easier analysis by the
machine designer of the more simplified tasks per-
formed on a line, the better methods and better
designed parts usually existing on lines, and the
better orientation of product and components on
assembly lines.

Specific applications for automatic assembly are
considered by one company wherever several oper-
ators perform the same operation, the job requires
difficult or continuous product handling, a produc-
tion bottleneck exists, a high number of rejects

33 G. H. Kendall, Sr., "How to Plan for Automatic Assembly,"
The Tool Engineer, February 1958, p. 97.

al R. H. Eshelman, "Automatic Assemblyvictory for Produc-
tion," The Tool Engineer, September 1956, p. 116.
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occur due to the human factor, or large in-process
inventories are involved.83 The presence of any
of these conditions shows an area for study, but it
does not alone show justification for automatic
assembly.

One machine tool representative says that pro-
spective assemblies should generally contain at
least four components. Otherwise, the small num-
ber of Stations relative to basic machine costs
makes automatic assembly uneconomical."

In considering any application for automatic as-
sembly, either the best method of hand or manual
assembly should be in use or improvements should
be considered for the cost analysis.

(JYosts, &wings, and Cost Avolysis Methods. If an
operation is technically a good prospect for auto-
matic assembly, the evaluation of many cost and
savings facfors can proceed. Table 24 lists impor-
tant costs experienced with automatic assembly
and table 25 lists the savings. These factors should
be included in comparative cost evaluation.

Machine and Production kificiency. Determina-
tion of the production rate of a machine before it

TABLE 24. COST FACTORS OF AUTOMATIC ASSEMBLY

Cost factors Remarks

Initial

Assembly machine

Auxiliary equipment

Engineering
Installation
Liaison with machine

builder.
Parts used for debug-

ging.
Product and parts design.

Tooling and retooling....

Training

Recurring

Closer parts tolerances...

Component cleaning
Operating

Wages-

Intangible

Flexibility

Approximately 25 to 85 percent of total cost is for
basic assembly machine, 40 to 50 percent for
engineering, development, and system build-
ing, and 25 percent for debugging. Debugging
can range from 10 to 50 percent.'

Hydraulic pressing stations, welding stations,
intricate gauging and inspection stations, etc.

Automation engineering staff.

Correspondence, telephone, trips by company
staff.

May be required economically to automate, primar-
ily to solve component orientation or insertion
problems, and to improve component relia-
bility.

Includes initial machine tooling, which cost 1.5
to 2 times as much as for manual assembly,
and job change retooling, which can cost as
much as 80 to 50 percent of initial tooling.

Personnel to operate, maintain equipment. Can
be minimized by training during debugging
stage of machine development.

Precise dimensions must be maintained through-
out manufacturing; tool room costs rise because
of more frequent tool checking and mainte-
nance.

To assure automatic feeding.
Charges for expendable tools, electric, water,

fluid power services, and maintenance.
Increase due to high skill required of workers

remaining after machine installation.

Difficult (perhaps impossible) to build a differ-
ently designed product with the same machine,
or to change hourly production rate of the
machine.

In smaller systems, the basic machine will be the predominant cost ele-
ment, while in larger systems it will be the control system.

34 A. R. Wiese, op. oit.
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TABLE 25. SAVINGS FACTORS OF AUTOMATIC
ASSEMBLY

Savings factors Remarks

Closer product tolerances
without increased pre-
cision in machining.

Better working condi-
tions.

Greater precision

Inventory (in-process
and completed).

Labor-

Materials
Scrap and rework
Space

Due to possibility of 100 percent inspection and
selective assembly with automatic equipment.

Fewer accident, health, and fatigue costs.

Resulting in fewer cases of customer complaints,
field service calls, and product returns.

Inventories held are usually at lower level of
economic value. They are in the form of
parts, rather than in-process or completed
assemblies, which contain the added values of
labor and more material.'

Direct and indirect, including inspectors and
administrative and service personnel.

Occupancy of both equipment and direct and
indirect labor.

I Inventories can often be kept lower, at least to increased output require-
ments, because automatic equipment is more responsive than manual
assembly. It is easier to run a machine extra shifts than to hire extra opera-
tors, and no premiums or side benefits are required.

is built is often a problem and makes evaluation
and justification of automatic assembly very diffi-
cult. The probability aspects of both machine
and component reliability are the reasons for diffi-
culty in answering the question, and machine
builders and the literatuze discuss this problem in
terms of machine efficiency.

Machine efficiency is defined as the ratio of as-
semblies actually produce I. per unit time versus
the theoretical production per unit time. Effi-
ciency, depends largely upon the nature and num-
ber of operations and the type of machine tooling
used. Builders often guarantee machine efficiency
at 80 percent but these guarantees can range down
to 70 percent. In practice, machine efficiency can
reach as hig.h as 95 percent.85

It should be notesi, however, that there is a dif-
ference between machine efficiency and production
efficiency. The latter is defined as the ratio of as-
semblies actually produced per unit time versus
the number of machine cycles (perhaps parts in-
put), per unit time. Production efficiency depends
ma' ly upon the type of inspection system used
on an assembly machine, instantaneous stop or
memory, which ejects bad parts or assemblies at a
subsequent time without stopping the machine.

To illustrate the difference between machine and
production efficiency, assume a machine with an
mstantaneous inspection system designed to de-
liver 600 units per hour. Because of component
and machine reliability factors% however, the ma-
chine's theoretical production is computed to be
480 units per hour. The machine is observed to be
producing only 400 units per hour, due mainly to
shutdowns controlled by the instantaneous inspec-
tion system. In this example, the machine effi-
ciency is 400/480 or 83 percent, but the produc-
tion efficiency is only 400/600 or 67 percent, a 16

IMME

= Holloway, op. cit., p. 31.

percent difference. To improve efficiency, com-
ponent and machine reliability might be improved,
the number of components assembled by the ma-
chine reduced, or the machine could be controlled
by a memory inspection system.

As a general guide, it has been observed that
economically sound automation for smaller as-
semblies costs from $5,000 to $7,000 per single sta-
tion on a special purpose assembly machine. With
the overhead typical of most companies and the
somewhat higher maintenance costs of automatic
equipment, the payback period is about 1 to 2 years
on a single shift operating basis. Similar figrures
apply to the smaller general purpose machines.
More costly special purpose equipment and the
larger general purpose machines can usually only
be justified on a two- or three-shift basis. It is ex-
pected that the cost figures cited will go down as
development costs are reduced through increased
standardization of assembly equipment, and as
users develop experience and skill in designing
their products for automation.

Skill Requirements and Occupational Shifts

Assemblers are generally semiskilled workers
engaged in routine operations. Special training
is usually of short duration and is normally ob-
tained in-plant on the job. Floor assemblers as-
semble large, heavy machinery or equipment on
the floor of a manufacturing establishment as on
an automobile or aircraft production line. Bench
assemblers are engaged in the assembly of small
parts or subassemblies at a bench or work station.

In 1963, approximately 600,000 semiskilled as-
semblers worked in manufacturing plants, the
majority in metalworking. More than 46 percent
of these assemblers were women.

Skilled assemblers are required in some indus-
tries such as watch manufacture, precision in-
strument, and specialized and complex machinery.
They are generally engaged in final assembly.

Automatic assembly will disemploy those work-
ers whose tasks are directly performed by the
machines. Some semiskilled jobs, generally re-
quiring little training, will be created by the
necessity, to load, feed, operate, and monitor the
automatic machines.

New occupations will be established for the
maintenance of the machines. The essential skill
required will be mechanical. As the technology
develops, however, skills in electronics and servo-
mechanisms will be required. Computer techni-
cians will eventually be needed when general imr-
pose programable automatic assembly machines
come increasingly into operation.

Till demand for greater component reliability
imposed by automatic assembly methods could re-
quire more inspection, test: and quality control
personnel. In the engmeermg area, machine de-
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signers will be required to develop the automatic
assembly machines and product designers will be
required to redesign products amenable to auto-
matic assembly. Prosluction specialists will be
needed to improve the flow of material through
automated assembly and to schedule the man-ma-
chine system for optimum effectiveness.
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The latter categories of personnel are not neces-
sarily new. They are part of the trend toward
greater rationalization of the manufacturing
process by design for automation and by optimiza-
tion techniques. A growth in the professional

icategories of industrial specialists s thus indi-
cated.



8. Growth and Diffusion
Automatic Assembly, 1950-64

Since the first progressive assembly line was
started at the Ford Highland Park plant in 1913
only minor improvements have been made in as-
sembly technology. The division of manual labor,
a prerequisite to the development of automatic
manufacture, has long since been carried to its
ultimate economy. But the next step to automatic
assembly is proving extremely difficult to make.
Assembly remains essentially manual work. After
half a century of use the assembly line s:istem ap-
pears to be teclmically static, holding a large sector
of industry in the arrested state of highly divided
manual labor.

While assembly remains mostly handwork, ma-
chining and forming operations are being exten-
sively aatomated. The development of transfer
equipment, automatic controls, and programed
machine tools has sped the progress of automation
in machining and forming. The relative cost fac-
tors have been such that the substitution of auto-
mation for labor is occurring rapidly in machining
work.

Automation is thus progressing unevenly in the
fabricating industries, moving at a rapid pace in
machining; departments, and slowing to a crawl in
assembly departments. In walking through a pro-
duction machining department one is struck by
the scarcity of operators and the number of ma-
chines that seem to be running themselves. The
reaction to an assembly department is quite the
opposite. Here one sees workers crowded elbow-
to-elbow down the line. The workers and the
product dominate the scene and machinery recedes.

Automatic assembly, in the sense defined above,
emerged as a specialized technology in the early
1950's. At that time several manufacturers began
to market special-purpose machines that were de-
signed to assemble particular products automati-
cally. The manufacturers were, in several cases,
originally specialty machine tool companies that
developed machines on a custom design basis. The
automatic assembly feature was an extension of
the conveyorized, indexing type of machine and
the metal cutting machine tool.

Because of the many problems associated with
automatic assembly, the experience of early users
was not completely satisfactory. A succession of
technical problems continued to arise and costs
mounted as product changes and product demand
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prevented an orderly and efficient utilization of
the special purpose machinery. This held true
especially for the machines that were designed to
be reasonably flexible but were found to be rela-
tively inflexible and unresponsive to design
modifications.

The decade of the 1950's was important, how-
ever, because the problems of automatic assembly
came to be better understood both in a tech-
nological and an economic sense. Both the limits
and potentials of automatic assembly machines
were perceived and the manufacturers and users
adopted more realistic approaches to assembly.

During the past 5 years, slow progress has con-
tinued in the development of special purpose auto-
matic assembly machines. Several user industries,
especially electronics and computers, have stand-
ardized some basic components to facilitate auto-
matic assembly. Assembly processes that utilize
human operators for operations that are prohib-
itively costly to automate and use machines for
simple mechanical operations are becoming more
widespread. Advances continue in the pioneering
automotive industry.

An industry source in the automatic assembly
field estimates the market potential for automatic
assembly machines to be about $250 million. Since
the cost of the average automatic assembly system
produced by this firm is approximately $100,000, a
market for about 2,500 machines is implied. Be-
came this manufacturer makes a line of assembly
systems that are more completely automated than
several other systems on the market, however, the
cost figure cited may be higher than the industry
averag;e. A more representative estimate of the
cost of the average system would be somewhat
lower and the number of potential units that could
be marketed would be higher when based on the
same total market figure.

Estimates provided by several industry sources
are rather consistent in identifying the major in-
dustrial users of automatic assembly equipment.
It is believed that the automotive industry ac-
counts for between 50 and 'ro percent of all auto-
matic assembly installations. From 5 to 15 per-
cent is accounted for by the consumer appliance
industry, and the remainder by all other industries.
Reasons given for the low degree of automation in
the consumer appliance industry emphasized the
bad experience the industry had had with early
automation and the lower production volumes rela-
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tive to the automotive industry. Stronger inter-
est in automatic assembly on the part of the con-
sumer appliance industries is indicated at present.

Within the industries employing automatic
equipment, industry sources are again rather con-
sistent. It is believed that from 80 to more than
90 percent of automatic assembly is in subassem-
blies with less than 10 to 20 percent in the final
assembly of products. The small degree of auto-
matic assembly in the final assembly of products
is caused by the relatively large size of final prod-
ucts, compared to subassemblies, and the frequent
style changes of final products. Both of these fac-
tors argue against the economic feasibility of auto-
matic assembly. It has been indicated that more
small products than large products are automati-
cally assembled in the final stage.

Diffusion Constraints

While increasing product demand and rising
labor costs will contmue to generate pressure to
automate assembly, many factors will act to coun-
terbalance this pressure. These factors will be
called diffusion constraints, for they will tend to
restrain the growth in number of automatic assem-
bly machines and impede expansion into all areas
of the fabricating industries. These constraints
will impose limitmg conditions on the disemploy-
ment effects of automatic assembly.

The diffusion constraints are discussed below in
relation to 1) the manufacturers of automatic as-
sembly equipment, 2) the user community, and
3) the worker.

1. Manufacturers of automatic assembly equip-
ment. The number and size of automatic assembly
machine manufacturers is the first and perhaps
major limiting factor to substantial growth in the
number of automatic assembly mstallations.
There are only about 10 to 12 companies who pro-
duce relatively complete assembly systems. The
largest company employs about 150 people in the
automatic assembly equipment area. Other com-
panies usually employ 100 or fewer workers in the
assembly equipment area. Automatic assembly
equipment manufacturing is in some cases carried
out by subsidiaries or other subdivisions or depart-
ments of a machine tool company.

Because of the small size of assembly equipment
builders, the funds for new product or idea devel-
opment are limited. Thus, the equipment pro-
duced by them today is an improvement over 10
years ago, but it shows no new technology or com-
bination of technologies as numerically controlled
machine tools do. These manufacturers are
geared only for mall volume production and, by
the nature of the product, custom designed equip-
ment. This equipment does use increasingly more
standardized parts, however.
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There are a large number of assembly machines
designed apd built by user companies or under con-
tract from user companies by specialty machine
shops. The extent of this activity is mdetermi-
nate, but it is estimated that it could equal and
exceed the number of machines built by the assem-
bly equipment manufacturers.

Serving all assembly machine builders, either
manufacturers or users building their own equip-
ment, are about 100 or more usually small com-
panies producing specialty devices for automatic
assembly. These includedevices such as parts
hoppersi feeders, or selectors, gaging or inspect-
ing devices, and so forth. The companies may
often employ fewer than 20 workers. This factor
also limits substantial growth in the number of
automatic assembly installations because source of
supply is so scattered.

2. The user community. The manufacturing com-
munity, the potential user of automatic assembly
machines is a Ilighly heterogeneous collection of
manufacturing establishments. The 6 fabricat-
ing industry groups include 147 industries in the
4-digit SIC code classification. These 147 indus-
tries represented more than 87,000 manufacturing
phonts varying in size from several workers to
many thousands (1958 figures). Nearly 70 per-
cent of the plants employed less than 20 workers
but the remaining 30 percent accounted for 94 per-
cent of the total employment and the bulk of the
capital expenditures.

Industries most amenable to automatic assembly
include those whose volume of production is suffi-
cient to make it economically Justifiable. These
include the automotive, consumer appliance, and
other industries or sectors of industries (see table
26). Within these industries, subassembly opera-
tions are far more frequently automated than final
assembly operations. Automatic assembly of final
products is severely limited by the size of many
of the products and/or by frequent styling changes.
These changes are often expensive or may be im-
possible to accommodate on machines built to other
products' specifications. Though final product
styles change, however, the subassemblies, or
"black boxes," as the automobile industry some-
times refers to them, frequently remain the same.
Thus automatic assembly is practical. Ingeneral,
products assembled on automatic machines are
rather small, of stable design, and made in very
high volumes.

With the above characteristics serving to deter-
mine the amenability of an industry to automatic
assembly, 87 industries are estimated to fall within
this category. The 37 industries are listed in table
26 together with the total number of establish-
ments and those with 20 or more employees, total
employment and number of production workers,
value of shipments, and capital expenditures.
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TABLE 26. GENERAL STATISTICS, 1963, FABRICATING INDUSTRIES AMENABLE TO AUTOMATIC ASSEMBLY

Code Industry

Establishments Employees (in thousands)
Value of

shipments
(in

thousands)

Capital
expenditures

(in
thousands)Total

With 20
or more

employees
Total

Production
workers

3519 Internal combustion engines 139 so 55, 529 41, 609 $1, 458, 189 $33, 1843562 Ball and roller bearings 125 93 52, 316 42, 052 1, 000, 962 89, 2353564 Blowers and fans 237 98 15, 407 10, 902 318, 081 7, 0233571 Computing and related machines 248 139 99, 306 59, 784 2, 044, 796 92, 7543572 Typewriters 21 16 18, 074 13, 982 315, 894 9, 5963576 Scales and baloney; sa 35 5, 477 3, 724 98, 491 1, 1463579 Office machines n.e c I 162 76 17, 025 11, 655 354, 640 16, 2803611 Electric measuring equipment. 557 207 44, 881 30, 270 745, 363 19, 2113621 Motors and generators 380 241 94, 075 68, 583 1, 70i, 995 37, 6983622 Industrial controls 346 108 33, 485 22, 888 655, 355 25, 6313631 Household cooking equipment 82 52 19, 078 15, 027 472, 114 8, 1623632 Household refrigerators 34 25 43, 065 35, 216 1, 304, 525 21, 7643633 Household laundry equipment _ 40 29 18, 638 15, 006 763, 311 9, 3053634 Electric houseware and fans 811 135 38, 832 30, 820 835, 435 17, 0603635 Household vacuum cleaners 33 13 5, 675 4, 231 175, 314 5, 7373636 Sewing machines 86 17 7, 646 5, 844 117, 199 2, 5673639 Household appliances, n.e.c.I
3641 Electric lamps 83 50 23, 851 20, 850 579, 809 17, 1463642 Lighting fixtures 1, 235 479 54, 295 42, 201 1, 168, 843 22, 8773643 Current carrying devices 448 180 35, 762 27, 461 619, 575 14, 1973644 Noncurrent carrying devices _ 182 103 20, 290 14, 753 478, 912 7, 9073651 Radio and TV receiving sets 346 177 81, 830 . 67, 003 2, 287, 605 30, 5333661 Telephone; telegraph e.rparatus 89 55 89, 241 63, 809 1, 704, 344 55, 1193671 Electron tubes, receiving 42 22 25, 850 20, 357 314, 246 5,4033672 Cathode ray picture tubes 150 28 10, 914 7, 945 263, 977 16, 1353674 Semiconductors 103 83 55,995 37,941 680,419 51, 9683691 Storage batteries 252 120 17, 524 13, 873 515, 005 11, 9583692 Primary batteries 46 30 8, 466 6, 777 195, 205 4, 1313694 Engine electrical equipment 184 100 41, 432 33, 170 915, 827 15, 5413717 Motor vehicles and parts 1, 950 903 649, 401 535, 381 36, 148, 831 641, 8023751 Motorcycles, bicycles and parts 85 30 9, 462 7, 782 189, 029 8, 0713821 Mechanical and measuring devices 666 259 63, 208 41, 088 1, 147, 543 29, 8053822 Automatic temperature controls 103 54 31, 579 22, 178 527, 4 10, 6463861 Photographic equipment 532 187 65, 026 39, 303 1, 837, 162 78, 6593871 Watches and clocks 167 76 26, 610 20, 713 500, 852 8, 529

3941 Games and toys 786 342 49, 360 41,860 752, 861 24, 746
3951 Pens and mechanical parr% 139 67 11, 562 9, 062 185, 464 4, 066

Total 10, 474 4, 709 1, 940, 167 1,485, 103 63, 377, 671 1, 400, 592

I Not elsewhere classified.

Nearly 45 percent of the 10,474 establishments in
these industries have 20 or more employees. Total
employment was 1.94 million, of whom 76.5 per-
cent were production workers. The total value of
shipments of these industries in 1963 was $63.4
billion. The total capital investment (including
buildings, machinery, and equipment) came to $1.4
billion.

The a utomobiie industry (SIC code 3717), it
should be noted, comprised 36 percent of the pro-
duction workers, 46 percent of the capital invest-
ment, and 57 percent of the value of shipments.

The 37 selected industries listed in table 26 in-
clude many subgroups of industries, and the prod-
uct line of the subgroups may be highly varied.
The diffusion of automatic assembly within the
subgroups of industries will be further constrained
by the volume of production and in many cases by
the number of workers employed in the individual
establishments within these industries.

The size of establishment according to the num-
ber of workers employed in several of the 37 indas-
tries is shown in table 27.

Based largely on observation and our knowledge
of automatic assembly installations in a variety
of industries, it is believed that the majority of

SOURCE: U.S. Department of Commerce, Bureau of the Census. 1903
Census of Manufactures.

automation ventures take place, and will continue
to for some time, in establishments employing 500
or more workers. This conclusion is also predi-
cated on the volume requirements which must be
present for automatic assembly, and the correla-
tion in many industries between number of em-
ployees and production volumes.

Since many of the smaller establishments pro-
duce specialty, products often in volumes below
that required for automatic assembly, a large im-
pact on the small plant from assembly automa-
tion, particularly in the 1965-75 period under con-
sideration, is not foreseen. Harmful competitive
effects on the smaller establishments for failure to
automate are not anticipated because the specialtjy
company's competition will often produce goods
which are also made in insufficient quantity to be
automated.

Although in many industries there is a correla-
tion between volume of production and number of
workers, the volume can be dispersed over a large
product line so that no single product will be mass
produced. A manufacturer of gages, for example,
produces millions of gages per year. Each gage
is relatively simple in construction and is similar
to other gages. The more than 33,000 different
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TABLE 27. MANUFACTURING ESTABLISHMENTS BY EMPLOYMENT SIZE, SELECTED FABRICATING INDUSTRIES AMENABLE
TO AUTOMATIC ASSEMBLY, 1S58

Code

_

Industry
All estab-
lishments

Number establishments with stated average of employees

1-4 5-9 10-19 20-49 50-99 100-249 250-499 500-999 1,000-
2,499

2,500
and over

3519

3571

3631

3632

3651

3661

3717

3861

3871

.

Internal combustion engines:
Number establishments
Number employees
Value of shipments ($1,000)
Capital expenditureb ($1,000)

Computing and related machines:
Number establishments
Number employees
Value of shipments ($1.000)
Capital expenditures ($1,000)

Household cooking equipment:
Number establishments
Number employees
Value of shipments ($1,000)
Capital expenditures ($1,000)

Household refrigerators:
Number establishments
Number employees
Value of shipments ($1,000)
Capital expenditures ($1,000)-

Radio and TV receiving sets:
Number establishments
Number employees
Value of shipments ($1,000)
Capital expenditures ($1,000)

Telephone and telegraph apparatus:
Number establishments
Number employees
Value of shipments ($1,000)
Capital expenditures ($1,000)

Motor vehicles and parts:
Number establishments
Number employees
Value of shipments ($1,000)
Capital expenditures ($1,000)

Photographic equipment:
Number establishments
Number employees
Value of shipments ($1,000)
Capital expenditures ($1,000)

Watches and clocks:
Number establishments
Number employees
Value of shipments ($1,000)
Capital expenditures ($1,000)

112
50, 225

1, 055, 699
40, 699

136
80, 864

1, 104, 194
61, 494

69
18, 152

3644,, 002852

26
41, 493

1, 002, 302
9, 870

234
66, 505

1, 548, 006
11, 308

95
85, 544

740, 855
103, 517

1, 551
541, 510

2 6, 473,927
314, 646

480
460, 262

1, 204, 905
46, 770

168
23, 505

334, 928
4, 607

18
38

792
(1)

35
71

1, 052
(I)

7
85

1(,19)55

38
81

1, 293
(9

26
51

536
(3)

411
884

1, 263

178
352

6, 339
(I)

66
130

2, 635
(9

12
79

1, 474
(1)

17
106

1, 259
(I)

4

si

27
188

3, 370
(9

10
69

364
(3)

191
1, 288

947

68
455

7, 941
(1)

16
101

4, 200
(9

7
105
952

(1)

13
187

2, 244
(I)

3

is3

25
366

6, 566
(9

4
47

252
(3)

205
2, 880

1, 373

75
1, 037

20, 471
(9

21
310

5, 512
650

21
608

9, 898
(1)

12
405

6, 238
(I)

9
270

4(,172) 7

2
153

2, 464
(I)

27
894

15, 723
(9

e
200

2, 011
(1)

212
6, 723

2, 975

68
2, 186

40, 617
718

20
632

12, 619
0)

4
276

7, 548
(1)

11
781

8, 873
(I)

10
701

12(, 04) 5

3

3

isi

9

25
1, 808

30, 425
(1)

7
464

4, 713
(3)

121
8, 483

2, 537

81
2, 090

49, 973
(1)

17
1, 217

23, 043
(1)

14
2, 469

51, 743
504

7
1, 153

21, 477
(9

10
1, 452

27, 329
586

5
914

15, 059
(I)

34
5, 391

82, 989
903

10
1, 871

12, 584
(3)

113
18, 480

7, 351

30
4, 637

88, 156
1, 8

7
1, 214

13, 731
(I)

6
2, 820

40, 486
1, 478

15
5, 491

72, 616
4, 407

13
4, 506

79, 879
1, 009

5
3, 180

74, 736
(I)

21
7, 379

144, 861
1, 243

10
3, 635

32, 421
(3)

79
27, 715

. 13, 811

15
, 5, 044

100, 313
2, 439

9
3, 527

61, 443
881

11
7, 757

171, 348
1, 570

10
7, E27

76, 885
5, 122

10
11, 138

239, 417
2, 172

2

3
3

17
12, 283

291, 933
2, 253

6
4, 371

40, 415
(3)

62
44, 856

18, 458

7
4, 906

96, 437
1, 479

5
4, 809

52, 356
(1)

12
18, 700

357, 170
8, 451

9
14, 389

208, 056
13, 935

a

3

ill

i
11, 671

304, 001
4, 272

17
25, 709

678, 908
8, 886

8
74, 836

647, 359
(3)

97
163, 725

140, 407

4
39, 555

794, 658
38, 887

6
12, 065

159, 389
2, 199

17,
414,

28,

50,
705,

37,

25,
606,

5,

12,
291,

1,

(3)
(3)
(3)

266,

125,

2

s
{si

3

1

5
373
288
360

7
804
994
024

4
575
042
018

3
406
948
701

8

60
476

522

4

1

1 Value less than $500,000.
2 value added instead of shipment.

Combined with other size class.

types of gages the company offers, however, pre-
clude automatic assembly by a special purpose
machine because of differences in size, shape, etc.

3. The worker. The diffusion rate of a technology
is a function of other factors in addition to engi-
neering, productiOn, and economic factors. The
technology is embedded in a social system in which
economic values must often compete with other
values and the allocation of resources and man-
power has many contending claimants.

The factory, too, is a social system as well as a
production system. The attitudes and responses
of the workers as expressed individually and col-
lectively through unions will serve as constraints
on the diffusion of automatic assembly as well as
of NC. Worker satisfaction, occupational status,
the problems involved in the changing require-
ments for skills, and seniority are real and vital
problems to millions of workers. The unions, es-
pecially, are closely attuned to the problems aris-

206-754-66--vol 1-24

SouncE: U.S. Department of Commerce, Bureau of the Census, 1958
Ceram of Manufactures.

ing from the intersection of the socioeconomic
factors and the social factors in automation.

Automatic Assembly, 1965-75

The Transition Stage of Diffusion. In terms of
the diffusion model described in part 1, the auto-
matic assembly technology has completed the stage
of pretechnolog-y and is now in the transition stage.
More models of automatic assembly machines are
being. 13roduced in a varying price range. An in-
creasing number of applications are being found.
A growing awareness of the potentials of these
machines coupled with a realistic appraisal of their
limitations is percolating through the manufactur-
ing industries.

The transition period will probably be a lengthy
one in contrast to the short periods experienced
by the computer and numerical control technolo-
gies. It is not clear at this time whether auto-
matic assembly will complete its transition phase
during the next decade. Manufacturers of auto-
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matic assembly e quipment are optimistic over sales
in the next few years. Howeverl the small volume
of machines and the many techiucal problems aris-
ing from specialized assembly operations indicate
a slow diffusion process extending over many years.

The takeoff stage for automatic assembly may
have to await solution of the flexibility problem ;
i.e., the development of a programable assembly
machine. Because there are thousands of factories
with a multitude of diverse products in many
models, the development of special purpose ma-
chines will continue to be a slow and costly proce-
dure. The cost of the special purpose machine in
relation to model design longevity will also inhibit
its use. A programable machine that can be me-
chanically altered in a simple manner and that
can be instructed to proceed through a sequence
of operations by dial, plugboard, punched card, or
tape is the essential requirement for the takeoff
stage. This type of machine can be compared to
today's numerically controlled machining center.

One assembly machine builder indicated that
they are interested in looking further into pro-
gramable tooling, but that they are not doing
anything in this area at the present time. An-
other builder stated that they were working on
programable tooling but the stage this develop-
ment is in is not known. It is significant that one
of the major computer manufacturers has re-
cently been licensed to manufacture and market
the assembly systems of one of the major as-
sembly machine builders. With the capabilities
and resources this computer manufacturer can

bring to bear in product development, manufac-
turing, and marketing, more rapid strides hi the
future to a more flexible automatic assenthly
machine can be expected;

Diffusion, rate. With the likelihood that the
type of automatic assembly equipment in use to-
day will continue to be the dominant factor in
the field through at least most of the next decade,
a great change from the industries presently ap-
plying the equipment is not visualized. However,
assembly machme builders, as already indicated,
do see greater interest now on the part of the
consumer appliance industry. The automotive
industry will still be the dominant factor.

The assembly machine builders are expecting
an increase in their rate of growth over the next
few years with estimated average growth rates as
given by a few companies ranging from about 10
to 12 percent. The growth rate defmitely follows
evolutionary rather than revolutionary trends. A
restraint on growth rate of the companies is due
in part to limitations of their own capabilities,
traming of larger engineering staffs, and so forth.
The growth is expected as a result of improved
knowledge of applications by users, lower ma-
chine costs due to increased size of the builder
companies, component standardization, and re-
placement market for existing automatic assembly
equipment.

A feeling was expressed by one builder that ma-
chine tool companies will enter the automatic
equipment field more forcefully in the years
ahead.



9. Impact of Automatic Assembly on Employment

Employment Review, 1950-64

The employment review in section 5 (part 1) is
applicable to automa usstmbly as well as to NC.
Employment and unemployment rates for opera-
tives during the period 1947-04 .are shown in
table 18. Operatives are semiskilled workers and
include the majority of assemblers.

A more detailed employment review which lists
many of the four-digit SIC code industries esti-
mated to be amenable to automatic assembly ap-
pears in table 28. Employment figures for the
three-digit SIC industry group are displayed
when more detailed figures were not available.

A comparison of the 1959 and 1963 figures on
employed production workers (1958 was a reces-
sion year) shows an increase occurred in nine
four-digit industries and a decrease occurred in
seven four-digit industries. Five of the increases
were less than 3,000 workers, and four 3,000 or
more workers. Computing machine employment
increased by 5,000, electric measuring equipment
increased by 5,500, lighting fixtures by 3,000, and
current and noncurrent carrying devices by 6,600.
Employment in receiving tubes decreased by 9,800

workers and in engine electrical equipment by
6,600

The lar est gains in three-digit industries were
in motor. ve les and equipment (SIC 371) with
39,200 workers, and toys and sporting goads (SIC
394) with a gain of 3,200 workers.

A. net gain of 201,400 workers occurred between
1959 and 1963 in the 18 three-digit industries
which include the 37 industries deemed most
amenable to automatic assembly.

A large portion of this gain resulted from the
shift occurring in the ranks of semiskilled
workers from machining to assembly. As the
component machining departments are auto-
mated, machine operatives are laid off or trans-
ferred to the assembly line. To document this
shift a comparison was made of 1950 and 1960
Census employment data for the 25 largest indus-
trial States to show the change in employment
of assemblers and operatives in the fabricating
industries over this period. For each State the
ratio of assemblers to operatives was found for
1950 and 1960 and the change in this ratio deter-
mined. Table 29 shows that the number of as-
semblers employed in these industries in those

TABLE 28. PRODUCTION WORKERS EMPLOYED IN INDUSTRIES AMENABLE TO AUTOMATIC ASSEMBLY, 1958-63

C ode Industry
01.

3519 Internal combustion engines
356 General industrial machinery

3562 Ball and roller bearings
357 Office machines

3571 Computing and related machines
3611 Electric measuring instruments
3621 Motors and generators
8622 Industrial controls

863 Household appliances
3652 Household refrigerators
3633 Household laundry equipment _

3634 Electric housewares and fans 4.
3641 Electric lamPs
3642 Lighting fixtures
8643, 4 Current and noncurrent carrying devices

865 Radio and TV receiving equipment
3661 Telephone; telegraph apparatus

867 Electronic components.
3671 Electron tubes, receiving type

869 Electrical products, n.e.c.1
3694 Engine electrical equipment

871 Motor vehicles and equipment
8822 Automatic temperature controls

886 Photographic equipment
887 Watches, clocks, and watchcases
894 Toys and sporting goods
395 Pens, pencils, and office supplies

Production workers (thousands)

1958 1959

33. 8 39. 1
139. 1 155. 2

34. 4 42. 8
87. 8 92. 7
57. 1 60. 2
27. 4 32. 1
61. 0 70. 9
23. 5 29. 0

112. 6 121. 8
34. 6 39. 2
19. 9 20. 9
23. 0 25. 3
22. 7 24. 8
33. 4 36. 9
87. 4 43. 6
77. 1 84. 7
64. 4 68. 1

133. 9 160. 9
51. 6 55. 6
72. 7 81. 7
42. 5 49. 1

452. 5 537. 5
18. 8 22. 4
41. 2 41. 3
20. 9 23. 5
78. 6 82.4
21. 7 22. 8

1 Not elsewhere classified.

1960 1961 1962 1963

35. 8 30. 7 36. 2 36. 5
157. 2 146. 6 154. 8 156. 8
41. 7 37. 8 40. 7 40. 9
95. 9 96. 3 98. 7 95. 1
63. 5 54. 7 68. 0 65. 2
34. 3 35. 0 38. 4 37. 6
70. 0 66. 6 68. 9 68. 1
30. 1 30. 0 32. 8 31. 9

119. 4 112. 9 114. 8 118. 7
38. 4 36. 0 36. 5 36. 9
19. 2 18. 3 18. 8 19. 1
26. 0 23. 5 25. 6 27. 1
25. 5 23. 6 24. 9 25.9
37. 2 36. 2 30. 1 39. 9
44. 8 45. 4 48. 5 50. 2
79. 2 75. 4 82.5 84. 0
74. 0 72. 4 76. 5 69. 9

170. 0 176. 7 198. 2 192. 1
52. 3 48. 0 49. 8 45. 8
81. 8 74. 7 78. 9 75. 0
50. 1 48. 8 46. 0 42. 5

563. 3 479. 1 534. 0 576. 7
23. 5 23. 4 24. 3 24. 7
41. 4 40. 2 41. 1 41. 5
22. 1 20. 9 22. 7 23. 8
84. 1 81. 6 85. 2 85. 6
22. 6 22. 1 23. 1 23. 7

SOIMCE: U.S. Department of Labor Bureau of Labor Statistics, Employ-
meat and Earning Statistics for the United States, 1909-64, Bull. Mx 1312-2,
December 1964.
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States increased from 292,853 in 1950 to 463,355
in 1960. This is an increase of 170,502 assemblers,
or 58.2 percent over the 1950 figure. In the same
period the number of operatives increased from
855,564 to 952,716, or only 11.4 percent over the
1950 total. The 16 largest States all show an in-
crease in the ratio of assemblers to operatives in
the decade.

The Michigan data are particularly interesting
because they show a decline in this period of al-
most 35,000 operatives and only about 600 as-
semblers. This i, a dramatic illustration of the
differential displacement effects of automation in
machining and assembly. Detroit automation is
mostly machine automation which disemploys
semiskilled machine operatives. Michigan, a ma-
chine-intensive State, exports much of its
machined work in the form of automobile com-
ponents to be assembled in other States, and the
effect of automation is indicated by a net decline
in employment. Other States, such as California,
for example, where not only automobiles ma-
chined elsewhere are assembled and where other

assembly-intensive industries exist, show a larte
net increase in employment in the period.

A survey based on the 1958 Census of Manu-
factures of 1,486 plants in 13 major 4-digit SIC
industries employing 434,726 production workers
showed that, on the average, 54 percent of total

roduction man-hours were used for assembly.86
is is in close agreement with the estimated per-

centage stated in section 7 above.

Impact of Automatic Assembly on Future Em-
ployment

Because of the number and size of companies
producing automatic assembly equipment today,
and in recognition of the anticipated growth rates
of these companies and allied establishments, no
significant employment increases in the assembly
equipment industry are foreseen during most of
the period under study. With the advent of pro-

Assembly and Fastener Engineering, Wheaton, Ill., Hitchcock
Publishing Co., n.d.

TABLE 29. CHANGES IN EMPLOYMENT OF ASSEMBLERS AND OPERATIVES, FIVE FABRICATLNG INDUSTIRES,1 25 LARGEST
I NDUSTRIAL STATES,2 1950-60

State $
1960 1960

1950 A/0 1960 A/0 Change in
A/0, 1950-60

Assemblers 4 Operatives 1 Assemblers 4 Operatives a

New York
Michigan
Illinois
Ohio
California
Pennsylvania
Indiana
New Jersey
Massachusetts
Wisconsin
Connecticut
Missouri
Texas
Minnesota
Iowa
Kentucky
Rhode Island
Maryland
Tennessee
North Carolina
Georgia
Virginia
Washington
Kansas
New Hampshire

Total_

32, 759
54, 172
31, 994
31, 889
12, 709
20, 229
21, 664
16, 773
12, 610
11, 842
11, 136

6, 412
4, 192
3, 611
4, 010
2, 839
2, 464
3, 707
1, 216
1, 067
1, 704

705
1, 108
1, 361

781

110, 214
162, 009

96, 417
89, 914
32, 284
61, 664
54, 920
49, 340
44, 161
32, 015
36, 849
16, 839
8, 923

10, 437
11, 422

6, 676
10, 978
7, 992
4, 443

,,, 2, 320
6, 336
3, 062
2, 738
2, 677
3, 066

60, 519
53, 552
48, 206
46, 423
54, 460
24, 903
28, 336
21, 176
19, 676
24, 704
14, 929
12, 739
10, 327

9, 404
6, 997
7, 476
3, 073
6, 258
3, 394
3, 086
4, 992
2, 001
1, 723
2, 703
2, 399

121, 734
117, 237

92, 631
96, 676
66, 369
73, 491
56, 138
53, 667
47, 428
36, 254
39, 102
20, 773
16, 384
10, 666
12, 296
11, 542
16, 022
11, 162

9, 777
10, 394
8, 632
6, 282
7, 286
6, 011
6, 886

0. 297
. 366
. 332
, 355
.394
.329
.392
. 340
. 286
. 370
. 302
. 406
. 470
. 346
. 361
. 425
. 224
. 464
. 274
. 456
. 319
. 230
. 406
. 508
. 256

0. 416
. 457
. 620
.485
. 821
. 339
. 606
. 395
.413
. 681
.382
. 613
. 630
. 882
. 669
. 648
. 196
. 561
. 347
. 297
. 586
.319
. 237
. 460
. 408

-1-0. 118
-1-. 101
4.. 188
+. 130
+. 427

010
.113
. 056

-I-. 127
+. 311
+. 080
+. 208
+. 180
-1-. 536
+.218
4.. 223
-. 032
4.. 097
-}-. 073
-. 159
-1-. 264
-1-. 089
-. 168
-. 058
-I-. 152

292, 853 855, 564 463, 355 952, 716 . 342 . 486 +. 144

1 The 5 are SIC code groups 35-39. Fabricated metal parts (SIC 34) is not
included. Other assembler-employing industries not included are furniture,
locks, nonpowe md hand tools, household hardware (including metal doors
and screens), ani some ordnance materials. The total employment in these
industries is esth nated to account for 3 percent or less of all-industry assembly
labor.

Although the 1 )57 revision of the Standard Industrial Classification Manual
shifted many of the industrial classification codes as defined in the 1945
edition, virtualiy no industries were shifted into or out of code 35 to 39 in-
dustries.

2 As measured by total employment of assemblers and operatives in the 5
defined fabricating industries.

$ Listed in declining order of total employment in 1960 of assemblers and
operatives as defined in notes 4 and 5.

4 Occupational Classification Code 631 of 1960 Census of Population, Classi-
fied Index of Occupations and Industries. For those industries included in the
definition of fabricating, the following assembly occupations are listed:
Assembler, assembler (electric motors), assembly girl, assembly leader,
assemblyline worker, assemblyman, assembly woman, assembly worker,

final assembly lineman, final assemblyman, final assembly worker, major-
assemblyline man, phototube assembler, subassembler.

Occupational Classification Code FV, Operatives and kindred workers
(not elsewhere classified). 1960 Census of Population, Classified Index of
Occupations and Industries. Authors' definition inferred by process of elhni-
nation of operatives and kindred workers elsewhere classifiW: semiskilled
workers directly employed in machine and process operations. Does not
include unskilled 1^horers, sweepers, janitors, truckers, skilled craftsmen,
foremen and kindre . 7orkers, such as toolmakers, machinists, maintenance
mechanics, millwriguts, blacksmiths, inspectors; indirect and service per-
sonnel, such as stockers, storeroom clerks, tool-crib attendants, timekeepers,
etc.

Change in Assemblers, 170,602=68.22 percent.
Change in Operatives, 97,162=11.36 percent.
SOURCE: U.S. Bureau of Census, U.S. Census of Population 1950 and 1960,

Detailed Characteristics, Series PC (1)-1D to 5313, Washington, D.C., 1952,
1962.
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gramable equipment, still several years in the
future, a new industry of some size could evolve.
Employment growth might then be spread over
assembly machine builders as well as computer
manufacturers and machine tool companies who
may have entered the field. This type of em-
ployment growth could be noticeable to some
degree by the end of the iperiod under study. The
jobs available in this fie11 will generally require
a high order of technical and professional ability
and will be concentrated in the areas discussed in
section 7 under skill requirements and occupa-
tional shifts.

Employment, 1965-75

Given the present state of the art of automatic
assembly, and using the assumptions developed in
this report, an estimate can be made of the em-
ployment effect of this technology over the next
10 years. The estimate is f xpressed as a bound
on the number of workers that would be affected if
the establishments now amenable to automatic as-
sembly were to utilize the machines currently avail-
able for current production volumes (all expressed
in 1963 figures) .

Of the 6.60 million workers employed in the
six fabricating industries (see table 20), 4.76 mil-
lion were classed as production workers. Of this
latter figure, 1.49 million were engaged in the 37
industries deemed most amenable to automatic as-
sembly (see table 26) .

Using the assumption that 50 percent of the pro-
duction workers employed in the 37 industries are
engaged in assembly work, we estimate a total of
750,000 assemblers. The round number of 50 per-
cent is supported by the 50 to 60 percent figure
cited in section 7 and the 54 percent figure cited
in section 9. The 1960 Census lists 686,754 as-
semblers under the category of operatives in the
experienced labor force.

Assuming further that 50 percent of the assem-
blers are engaged in subassembly, we estimate 375,-
000 workers. Since only half of the subassembly
work may be amenable to automatic assembly, the
labor force which would be directly affected by
automatic assembly machines would. total 187,500
workers.

There are no quantitative data to indicate the
ratio between subassembly and final assembly nor
the percent of subassembly amenable to automatic
machines. The above estimates are deemed to be
reasonable in light of discussions with both the
producers and users of automatic assembly ma-
chines.

An estimate that up to 50 percent of the as-
semblers engaged in subassembly could be disem-
ployed by automatic assembly machines establishes
a figure of 93,750 workers who would be affected,
based upon industry sources.
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This calculation can be summarized as follows :
6.25 percent of the production. workers in indus-
tries amenable to automatic assembly would be dis-
employed if machines currently available were
fully used on current production volumes.

The above disempIoyment figure is a qualified
estimate based upon a static technological and eco-
nomic situation. It is clear that all the industries
and all the establishments within an industry as
listed in table 26 are not equally amenable to
automatic assembly, nor will the disemployment
effects of automatic assembly be equal. It should
also be noted that some other industries in some
establishments will have production processes that
are also amenable to automatic assembly.

The technology of automatic assembly is in the
transition stage and many technological develop-
ments can be expected within the next decade.
These developments will include improved and
general purpose machines with a potential applica-
tion in a widening area of assembly tasks. The
disemployrnent effect of improved machines can-
not be anticipated inasmuch as associated changes
in design, materials, and manufacturing techniques
will be occurring.

The disemployment estimate, it should be em-
phasized, does not take into consideration proc-
esses that are not fully automatic in the sense of
section 7, but which may have a cumulative effect
equal to or greater than automatic assembly. The
estimate does not consider the effects of automa-
tion in transfer of materials, packaging, ware-
housing, inspection, etc., many of which processes
are closely associated with assembly.

The cumulative effects of automation in the fab-
rication industries in which automatic assembly
has only begun to have an inr4c6tis indicated by an
economic review of the 19 period, as men-
tioned in the conclusion of part 1.

Because of the slow and restricted development
of the automatic assembly technology, assembly
work will be able to continue to absorb consider-
able numbers of workers displaced by other as-
pects of automation. This assumes, of course, in-
creased production to support the demands of a
growing population. Increasing employment in
assembly activities will overshadow the relatively
small inroads of automatic equipment on employ-
'Dent over most, if not all of the next decade.

alle most important reason why companies turn
to automatic assembly equipment is for labor sav-
ings. While other reasons are mentioned, such as
quality improvement, greater production, and
safety, labor savings are usually the factor that
argues most forcibly for automatic equipment. As
labor costs increase in the user industries, more of
this equipment can be justified. Furthermore, as
companies exhaust the economic possibilities of
automating machining operations, they naturally
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turn to the labor-intensive assembly area to apply
automation techniques.

Automatic assembly has another important eco-
nomic rationale. There are companies that have
been enabled to survive in the international mar-
ketplace due substantially, if not entirely, to au-
tomatic assembly and have thus been able to pro-
vide work for many who would otherwise be
unemployed. SimilarlIrt there are companies that
have been able to avoid shifting their assembly
operations to other countries where labor is less
expensive. Through automatic equipment, they
have reduced assembly labor costs and, have main-
tained an employment level higher than it would
have been had all assembly operations been re-
moved.

Demand could be stimulated if automatic as-

sembly enables companies to reduce their costs,
lower prices and/o32 improve products. Since au-
tomatic assembly today does not significantly
affect labor demands increases in product demand
can be reflected in increased employment oppor-
tunities.

The succeeding decade, 1975-85, however,
should witness more substantial disemployment re-
sulting from automatic assembly machines. This
development will be significant because of the
number of relatively unskilled workers, women,
young people, and members of minority groups
who are engaged in assembly work. A.utomatic
assembly will tend to close off an employment ab-
sorbing sector of the economy from this group of
workers who constitute a growing percentage of
the unemployed.



Appendixes
APPENDIX A

The Fabricating Industries

Group 84: Fabricated metal products
341 Metal cans
342 Cutlery, handtools, and general hardware
343 Heating equipment and plumbing fixtures
344 -Fabricated structural metal products
345 Screw machine products, bolts, etc.
346 Metal stampings
347 Coating, engraving, and allied services
348 Miscellaneous fabricated wire products
349 Miscellaneous fabricated metal products

Group 35: Machinery (except electrical)
351 Engines ancPturbines
352 Farm machinery and equipment
353 Construction, mining, and materials handling machinery
543 Metalworking machinery and equipment

3541 Machine tools, metal cutting types
3542 Machine tools, metal forming types
3544 Special dies and tools, dies sets, jigs and fixtures
3545 Machine tool accessories and measuring devices
3548 Metalworking machinery, except machine tools

355 Special industry machinery
3551 Food products machinery
3552 Textile machinery
3553 Woodworking machinery
3554 Paper industries machinery
3555 Printing trades machinery and equipment
3559 Special industry machinery, not elsewhere classified

356 General industrial machinery
357 Office, computing, and accounting machines
358 Service industry machines
359 Miscellaneous machinery

Group 86: Electrical machinery, equipment, and supplies
361 Electrical transmission and distribution equipment
362 Electrical industrial apparatus
363 Household appliances
364 Electric lighting and wiring equipment
365 Radio and TV receiving sets
366 Communication equipment
367 Electronic components and accessories
369 Miscellaneous electrical equipment and zvq. plies

Group 87: Transportation equipment
371 Motor vehicles and equipment
372 Aircraft and parts
373 Ship and boat building and repairing
374 Railroad equipment
375 Motorcycles, bicycles, and parts
379 Other transportation equipment

Group 88: Instruments and related products
381 Engineering, laboratory, and scientific and research instruments and associated

equipment
382 Instruments for measuring, controlling, and indicating physical
383 °Optical instruments and lenses
384 Surgical, medical, and dental instruments
as5 Opthalmic goods
386 Photographic equipment and supplies
387 Watches, clocks, clockworks-operated devices

Group 89: Miscellaneous manufacturing industries
391 Jewelry, silverware, and plated ware
393 Musical instruments and parts
394 Toys, 'amusements, sporting and athletic goods
395 Pens, pencils, and other office and artists materials
396 Costume jewelry, buttons, and miscellaneous notions
398-9 Miscellaneous industries

I-359
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APPENDIX B

Definition of Types of Numerical Control
Point-to-point positioning systems provide discrete or point-to-point control, in which the controlled

motion is required only to reach a given end point, with no path control during the transition
from one end point to the next. The systems are not classified as to movement axes or auxiliary
functions. Control is by means of numerically coded programs inserted into the systems on
tape or punched card.

Continuous path or contour control systems provide continuous control of the cutting tool by the
coordinated, simultaneous motion of two or more axes. Input to the systems is numerical
programs inserted by tape or punched card.

Dial or plug-board control systems provide positioning or continuous path operations which are
automatically commanded by numerical programs fed into the system by means of dials, plugs,
or preset switches, or by playback of prerecorded operations programs.
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Industry Productivity Projections'
Introduction

This is a methodological study designed to ex-
plore whether plants with high-productivity levels
(i.e., technologically advanced plants) can serve
as a guide to projecting future productivity in-
creases of an inszlustry. For each industry in this
pilot study, data for establishments with above-
average productivity levels are analyzed to ascer-
tain whether these plants can be used, as estimators
of the rate and timing of future productivity
change for the industry, as a whole. In effect, an
early warning system is desired to detect future
productivity changes.

Effective planning of manpower programs re-
quires reliable projections of the Nation's labor
requirements by industry and occupation. Since
the employment requirements of an industry de-
pend on its output and its productivity behavior,
data on an industry's past output and past 13ro-
ductivity behavior, taken together, serve as a basis
for projecting its future employment require-
ments. In practice, these mechanical projections
are modified to conform to any known structural
changes occurring in an industry. The future rate
of productivity, advance may be affected by tech-
nological breakthroughs currently being intro-
ducea. Although attempts are made to anticipate
the spread of technological change and its impact
on unit-labor requirements of different industries,
there has not 13een enough study of individual
establishment performance to provide a guide
for predicting future industry employment
reauirements.

industry's productivity depends on the pro-
ductivity of its component plants. These units
typically exhibit wide variation in their produc-
tivity (unit man-hour requirements) and produc-
tivity movements. The differences may be due to
many factors, among which are managerial effi-
ciency, product quality differences, the quantity
and efficiency of capital invested per worker ; and
the skills of the work force.

This study focuses on the plant productivity
differences caused by the fact that new technology
is often introduced piecemeal into an industry.
The leading (or "best") plants adopt the more
efficient techniques and the other plants follow
them with a lag which depends in part upon the
age of their equipment, their actual or anticipated
rate of output advance, and competition. At any

point of time, a spectrum of techniques may be
ipresent in an ndustry.

The industry's rate of productivity advance can
ibe related to the level of productivity n the "best"

(i.e., highest productivity) plants and the rate at
which other plants move toward the productivity
level of this group. If these two factors are re-
lated in a regular (rather than random) way, the
relationship may be used to predict the industry's
future productivity trends from a knowledge of
the current "best plant" productivity.2

If time series data show that an industry con-
sistently reached the productivity level which its
best plants had reached in X years previously, the
pattern provides a predicting device. The pro-
ductivity level of the current best plants is ob-
served, and the industry average can 138 projected
to reach this level in X years.

This study also enalyzes establishment produc-
tivity differentials within each industry. The ac-
tivity of the specific group of plants which were
most efficient, and the group which were least effi-
cient, are traced from a given year. If, over time,
the former least efficient plants experience a pro-
ductivity increase greater than the former most
efficient plants, they are said to "catch up." The
rate of this catching-up effect is measured by com-
paring the productivity advance of the best plants
with that of the least efficient plants in each in-
dustry.

While some plants are catching up, others are
falling back relative to the industry average.
Thus there may be considerable turnover in the
plant productivity rankings, but no change in the
overall industry productivity distribution or
spread. The least efficient plants, at any point in
time, for example, may consistently have unit
man-hour requirements twice that of the most effi-
cient plants because the composition of both
groups is changing through time.

I This study was prepared by the Bureau of Labor Statistics
of the U.S. Department of Labor for the National Commission
on Technology, Automation, and Economic Progress. General
supervision was provided by Leon Greenberg, Assistant Commis-
sioner for Productivity and Technological Developments, and
Lloyd Prochnow, Chief of the Bureau's Division of Productivity
Measurement. This study was Manned and conducted and the
report preoared by Benjamin P. lElotz.

The BLS wishes to acknowledge the generous cooperation of
the Bureau of the Census in preparing special tabulations of its
basic data. These tabulations were used for developing the meas-
ures contained in this report.

2 The "second-beet" group of plants may also be used as a pre-
dicting device.
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In this study, the industry measure of spread,
or dispersion, is the productivity range between
the highest productivity and the lowest produc-
tivity plants divided by the industry average. If
this measure decreases, the relative productivity
differences between plants are lessening. This may
mean an. increase in the transmission speed of new
technology from plant to plant ; also, it may mean
the plants of the industry are becoming more
homogeneous.

Summary of Findings

On the basis of the very limited number of in-
dustries studied, the findings indicate that :

1. A group of "second-best" plants, with refer-
ence to productivity, could be used to project in-
dustry 'Productivity 7 years later.

2. The low productivity plants of an industry
tend to catch up to the old productivity leaders
throu_gh time.

3. The speed of this catch up was related to the
industry's rate of productivity advance.

4. Despite points two and three above, when all
plants of an industry were considered there was
no tendency for productivity differentials between
plants in the top decile and the bottom decile to
narrow. However, the plant composition of the
top and bottom deciles might not have remained
the same.

Best Plant Predictors

Data Sources and Methods

This study is based on the individual establish-
ment records for the industries covered in the Cen-
sus Bureau Time Series Project. The project in-
cludes 25 4-digit manufacturing industries, repre-
senting the major portion of Standard Industrial
Classification Group No. 33, plus a few industries
in various other manufacturmg groups. The es-
tablishments are classified by the mdustry code of
the 1958 Census of Manzufaeftres, based on the
1957 Standard Industrial Classification. Estab-
lishments included are those in the Annual Survey
of Manufactures sample, i.e., nearly all large estab-
lishments (those with more than 100 employees in
1958) and a probability sample of smaller estab-
lishments. Specifically, the Time Series Project
industries are :
RIO No. Induetry title
2092 Soybean oil mills
2271 Woven carpets and rugs
2272 Tufted carpets and rugs
2822 Synthetic rubber
2823 Cellulosic manmade fibers
2824 Organic fibers, noncellulosic
2911 Petroleum refining
3011 Tires
3241 Hydraulic cement
3312 Blast furnaces and steel mills

OGICAL CHANGE AND EMPLOYMENT

RIO N o. Induetry title
3313 Electrometallurgica/ products
3315 Steel wire drawing
3322 Malleable iron foundries
3323 Steel foundries
3331 Primary copper
3332 Primary lead
3333 Primary zinc
3334 Primary aluminum
3351 Copper rolling and drawing
3352 Aluminum rolling and drawing
3302 Brass, bronze, copper castings
3391 Iron and steel forgings
3392 Nonferrous forgings
3519 Internal combustion engines
3012 Transformers

Although establishment information exists for
these 25 industries over the 19547-61 time period
and for 15 of the industries over the 1947-61 time
period, the present analysis is restricted to fewer
mdustries because of the disclosure problemthe
possibility of identifying a plant by aclding or sub-
tracting certain groups of figures. Also excluded
were any establishment records which gave evi-
dence of gross unreliability.

In these tabulations, establishments in an indus-
try were ranked according to the ratio of employ-
ment to output, Le., unit labor requirements in
a specified year. Decile tabulations were pre-
pared for industries which contained 20 establish-
ments or more (after those with questionable data
were dropped from the record) ; quintile tabula-
tions were prepared for the remaining industries.

A decile tabulation for year "t" was prepared as
follows : The plants of a given ind.ustry were
ranked by their year t unit man-hour require-
ments ; the plants ranking was divided into 10
groups (deciles) on the basis of value added, i.e.,
the division was performed so that the total value
added by the plants in each decile was approxi-
mately equal. Quintile tabulations were prepared
in the same manner, but the plants were split into
only five groups. Generally, the deciles (or quin-
tiles) contained an unequal number of plants.
Also, their aggregate value added was different
due to overlap establishments (those which would
fall partly in two deciles or quintiles) . These
were placed in the decile or quintile in which the
major part of their value added lay. So the value
add.eci in a given decile (or quintile) may vary
from the expected 10 percent (or 20 percent).
Decile tables for which the value added in any
"decile" was less than 6 percent or more than 19
percent of the industry total were excluded as be-
mg not truly representative of a decile breakdown.
Similarly, the quintile tables have been excluded
if the value added in the "quintile" was less than
11 percent or more than 39 percent of the industry
total.

Because of the restrictions described above, the
analysis for 1954-61 is limited to 17 industries.
For these 17 industries, decile tabulations are
available for 10 industries and quintile tabulations
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for 7 industries. Similarly, the analysis for
1947-61 is limited to 9 industries. For these nine
industries, decile tabulations are available for
four industries and quintile tabulations for five
industries.

The terms output, employment, productivity,
unit man-hour, and plant used in this study are
defined as :

1. Output= real adjusted gross kroduction=
value of shipments plus net change in inventory
and work-in-process, adjusted for price change.
(Unpublished BLS price indexes were used for
this purpose.)

2. Employment= production worker man-
hours, i.e. PWMH.

3. Productivity= output divided by employ-
ment.

4. Unit Man-Hours= employment divided by
output, i.e., UMH.

5. Plant= establishment (9a opposed to "firm").

Probkm8

There are several problems involved in this ap-
proach. The "best plants" (those appearing in the
top decile of a plant prod.uctivity ranking) are
identified on the basis of their reported output and
employment for a given base year. They are not
deduced from the average behavior of a group of
plants through time. To the extent that the base
year plant data are not typical or accurate, classi-
fication errors can arise. However, as explained
subsequently, it appears that this is a minor
problem.

The high productivity plants may not be pro-
ducing the same commodity-mix as the other
plants, even though they are grouped within the
same 4-digit industry. The "best" plants could
be highly specialized and as-such not typical of the
industry. Thus, they would be fundamentally
different from the rest of the industry and their
predictive value would be impaired.

These reasons necessitated selection of a group
of "second best" (second decile) plants, also, for
use in predicting the productivity level of an in-
dustry. It can be argued that this group of plants
is sometimes more likely to be the real group of
best plants than is the first decile group which only
appears best.

'rhe time series information seems too short to
establish a reliable relationship between the best
(or second best) plants at time t and the industry
average at time t+n. The time series comparison
runs at most from 1947 to 1961. If industry pro-
ductivity in year 1961 reached the best plant level
of 1947, we would say there was a 14-year lag in
this particular case. But it would be hazardous
to project this relationship into the future on the
basis of only one observation. Similarly, there
are only two observations if there is a 7-year lag
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in a specific industry, 1947-54 and 1954-61.
This method, then, does not necessarily replace

the simple trend projection of industry produc-
tivity. It can serve as a supplementary approach
to the familar trend method, perhaps serving to
indicate significant changes in longrun produc-
tivity trends.

Finding8

The attempt to predict industry roductivity
by examining a current group of u cient plants
has proven encouraging, but at this stage, some-
what inconclusive. Because of disclosure prob-
lems3 the array of 25 industries was reduced to
17, and comparable records were available for only
9. It was possible to compare the high produc-
tivity decile of plants with subsequent industry be-
havior in only four cases. Five more industries
were examined but it became necessary to resort to
quintile analysis, with some loss of precision.

Fcr each of four industries, only two observa-
tions were obtained on the relation between the
plants in the top efficiency decile, referred to as
decile 1, and the industry average 7 years later.
That is, 1947 decile 1 productivity was compared
with 1954 industry productivity and then 1954
decile 1 productivity was compared with 1961 in-
dustry imoductivity (table 1). Generally, the re-
lationships do not appear too stable. The results
are even less conclusive when top quintile plant
unit labor requirements (ULR) are compared with
the industry average 7 years later.

However, the results are much more consistent
when the productivity of the second decile plants
(the so-called "second best" group) is compared
with the industry average 7 years later. Table 2
shows remarkable consistency between the two 7-
year lag relations for all four industries. For ex-
ample, after viewing industry number 17, one
might feel justified in predicting that 1968 indus-
try ULR would exceed the 1961 second decile
ULR by 10 percent. If further studies support
these findingsthat industry UMH equal d.ecile
2 UMH in about I yearsthen a large produc-
tivity growth will be anticipated if decile 2 is low
relative to the industry average. For example, if
decile 2 UMH is about 30 percent below industry
Tam, about a 5-percent annual increase in pro-
ductivity might be expected for the following 7
years. ()nce again the predicting device seems less
reliable when a quintile breakdown is used.

At this point, the "best plant" predicting
method needs more research. The second pro-
ductivity decile seems to work well, but it has been
applied to only four industries and two time pe-

s A decile often contained only two establishments and was
suppressed. Also, certain manipulations of decile and/or industry
totals would have resulted in the disclosure of individual plant
information.
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TABLE 1. RATIO OF INDUSTRY UNIT MAN-HOURS AT
LIME Z TO DEBT YLANT U NIT MAN-11. OURS AT TIME t -7

1947 ranking 1954 ranking 1947 ranking 1954 ranking

Industry Industry Industry Industry Industry
ULR, 1954 ULR, 1961 ULR, 1954 ULR, 1961

Docile 1 Decile 1 Oluintile 1 Quintile 1
ULR, 1947 ULR, 1954 ULR, 1947 ULR, 1954

1 1 1.00 0.692 1.37 1.313 1.00 1.25
4 1.38 1.20
5 1.39 1.27
6 1.32 1.41
7 1. 70
8 1. 189 1. 71
10 1. 45
11 2. 20 1. 9212 .84 1 .94
13_ .4.. . 78
14 3.14
15 1.73
16 1.49
17 1.32 1.24

Docile 2 divided by industry average ULR.

NOTE: Dashes indicate no data or data do not meet publication criteria.

TABLE 2. RATIO OF INDUSTRY UNIT MAN-HOURS AT
TIME t TO SECOND-BEST PLANT UNIT MAN-HOURS ATTx= t-7

Industry

1947 ranking 1954 ranking 1947 ranking 1954 ranking

Industry
ULR, 1954

Industry
ULR, 1961

Industry
ULR, 1954

Industry
ULR, 1961

Docile 2
ULR, 1947

Decile 2
ULR, 1954

Quintile 2
ULR, 1947

Q,uintile 2
ULR, 1954

1 1. 00 0. 562 1. 05 1. 003 .93
4 1. 00 0.92
5,... 1. 02 1. 05
6 1. 03 1. 04
7 1. 16
8 or- .809
10 1.26
11 1. 50 1.39
12 .69 .94
13 . 74
14 1.29
15
16 1. 19
17 1. 10 1.10

NOTE: Dashes indicate no data or data do not meet publication criteria.

riods. The Census Bureau is continuing its Time
Series Project and more information will be avail-
able in the future.

Time did not permit examining the existence
of a 7-year lag each year-that is, a correlation
between decile 2 productivity at time t and indus-
try 13roductivity at time t + 7, with t running from
1947 to 1954. This would use the Census Bureau
information more extensively and might be made
a followup study.

Catch-Up Analysis--Efficient Turnover of
Establishments

The establishments in nine industries were
ranked by their 1947 unit labor requirements

(PLR) and split into docile or quintile groupings.
The plants in the first and last decile (or quintile)
were identified and their ULR behavior was traced
through to 1954, 1957, and 1961. In most of the
nine industr ,ies the group of plants with the high-
est initial ULR (low productivity) experienced
rapid and persistent ULR declines d.uring 1917-61.
The ULR behavior of the initial low ULR (high
productivity) plants was not as dramatic. Thus,
there was a definite tendency for the initial group
of low productivity plants to persistently "catch-
up" through time with the imtial group of high
productivity plants when the plants in the initial
distribution (top and bottom cleciles) are held con-
stant. However, when the decile distribution of
specific plants is allowed to change over time, the
spread between the top and bottom decile tends
to remain stable.

During 1957-61, the productivity differences be-
tween the two groups of plants fell most rapidly
in the industries which experienced the greatest

roductivity advances. The correlation was 0.93.4
en the narrowing productivity differential was

related to the industry's rate of output advance,
the correlation fell to 0.58. These figures are not
derivable from tabhi 3, being based upon the
1954-61 industry list rather than the 1947-61 list.

The catch-up behavior can be split conceptually
into short-run and long-run causes. The short-run
refer to the temporary or erratic factors which
might influence the 1947 productivity ranking of
plants. As stated previously, data errors or a
temporary, output fluctuation may cause some
plants to be ranked abnormally high or low with
respect to productivity. However, this probably
did not occur to any significant degree in this
study because the initial low productivity plants
moved steadily closer to the original group of
leading plants during the 1947-61 period.5 The
catch-up then seems to be due to hmdamental eco-
nomic forces rather than temporary aberrations
or data errors.

The rather persistent productivity catch-up of
the lowest decile plants could be due to a relative
improvement in quality of management, product,
equipment, training of employees, or in the amount
of capital invested per worker.

The Census Time Series Study does include data
on gross book value of capital, capital expendi-
tures, depreciation, and degree of plant speciali-
zation on its major product. A change in any one
of these items could affect plant productivity. The
group of low productivity plants may increase

4 Spearman coefficients of rank correlation based upon nine
industries were computed. Other lacked enough
industry observations to derive meanin ul results.

5 Had there been a rapid change in e productivity ranking
of an industry's plants between 1947 and 1954 and then little
change between 1954 and 1961, one would be tempted to claim
that the 1947 ranking was incorrect and that the 1947-54 catch-
up was largely spurious.
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the quantity and quality of their equipment per
worker in order to remain competitive. An at-
tempt to verify theories of this type has not been
attempted in this study, but furthel. work is
planned to identify the factors associated with
establishment productivity changes. A multiple
regression approach is envisioned, relating per-
centage change in plant productivity to changes
in plant size, capital per man-hour, and other
factors.

TABLE 3. COMPARISON BETWEEN PLANTS OF THE LOwEST
AND HIGHEST PRODUCTIVITY DECILES IN 1947: PERcENT
OF 1947 PRODUCTIVITY DIFFERENcE REMAINING AT
YEAR t

Industry t =1954 t =1957 t =1931

1 . O. 40 O. 40 0.24
2 .91 .34 .28
3 .51 .31 .14
4 .47 .45 .49
5 1 1.10 .86 .15
6 1 . 75 .68 .44
7 * .52 56 .19
8 1 .56 .60 33

The first and fifth quintiles are compared instead of the first and tenth
deciles.

1-371

Frequency Distribution of Plant Productivity

There seemed to be no tendency for plant pro-
ductivity differentials to narrow between 1947 and
1957. The ratios of table 4, analogous to coeffi-
cients of variation, are formed by dividing the
decile (or quintile) productivity, range of an indus-
try, by its average productivity. This statistic,
call it "S", decreased. between 1947 and 1957 for
five of the nine industries, but only the first indus-
try experienced a uniform decline. These five
ind.ustries generally did not have above-average
prodnctivity or output increases.

TABLE 4. ESTABLISHMENT PRODUCTIVITY RANGE AS A
PERCENT OF INDUSTRY PRODUCTIVITY 1

Industry 1947 1954 1957 Industry 1947 1954 1957

1 1 1. 50 1. 33 1. 31 5 3 1.19 .71 .92
2 * .94 1.43 . 89 6 3 72 .97 .81
3 1 . 94 1. 04 1. 01 7 s . 76 1. 07 .98
4 * .81 83 . 76 8 3 2. 79 3. 00 2. 38

9 s 29 .75 . 77

1 Each year the productiv ty spread between the high and low docile plants
is standardized by dividing by the industry average.

2 The second and fifth quintiles are used for comparison rather than the
first and tenth deciles.

$ The first and fifth quintiles are used for comparison.
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