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PREFACE

This volume is the second of six appendix volumes to Technology and the American Economy,
the report of the National Commission on Technology, Automation, 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
III. Adjusting to Change
IV. Educational Implications of Technological Change
V. Applying Technology to Unmet Needs
VI. Statements Relating to the Impact of Technological Change.

This volume contains 11 studies dealing with the employment impact of technological change,
prepared by independent experts at the request of the Commission.

Part 1 deals with the pace of technological change, and contains three studies, the first by the
Bureau of Labor Statistics. The BLS has for several years contributed significantly to understanding the
employment impacts of technological change through its “disemployment” analysis—comparison for
the economy and for industry sectors of the net relationship between employment-increasing growth
of output and employment-decreasing growth of output per man-hour. At the request of the Com-
mission, BLS extended that analysis to the establishment level, finding little difference in general
between industry relationships and establishment relationships. Frank Lynn undertook a number
of case studies of the elapsed time involved in the process of invention, innovation, and diffusion of
new technologies, and Edwin Mansfield undertook a review of the literature on the subject. Both
concluded that some acceleration in the pace had apparently occurred but that the time involved
was sufficiently long to support Lynn’s judgment that “any technology which will have a significant
impact upon employment and unemployment within the next 10 years must already be in a readily
identifiable stage of commercial development.”

Part 2 deals with the employment impact of technological change by industry. Butcher, New-
house, and Haller each describe technological developments occurring in agriculture, banking, and
steelmaking, respectively, evaluate the employment impact of those technologies, and speculate upon
the future.

Part 3, on skill requirements, contains three studies. James Bright, through a series of case
studies, examines the impact upon skill requirements of a number of actual installations of automatic
equipment. He finds that the general tendency is to reduce rather than to increase the skill content
of the jobs. Horowitz and Herrnstadt approach the same problem by examining the raw data upon
which the 1949 and 1960 editions of the Dictionary of Occupational Titles were based. They found no
significant changes in skill requirements in general over the period. Charles Walker, also through
case studies, does find significant changes occurring in the nature of work.

In part 4, on hours of work and leisure, Myron Joseph examines current issues related to shorten-
ing the basic workweek and comes to negative conclusions. Kreps and Spengler compare the alterna-~
tive possibilities for growth in income or leisure in an economy where the output of an hour’s work
doubles in less than a quarter century.

Additional studies prepared for the Commission are contained in Appendix Volumes I, 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 of these docu-
ments, 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 on the declines of establishment employment (or
aggregate man-hours) associated with productivity increases and with output decreases. The declines
in employment associated with productivity increases have been termed “disemployment.” The
study was prepared for the National Commission on Technology, Automation, and Economic Progress
by the Bureau of Labor Statistics of the U.S. Department of Labor.

Previously the BLS has analyzed industry data to estimate the declines in employment associated
with productivity increases (disemployment) and with output decreases at the industry level. This
study tests the relationship between these estimates and declines in jobs at the establishment level:
In addition, this study measures the statistical relationships between changes in productivity and
employment and between productivity and output in terms of correlation ratios.

The BLS wishes to acknowledge the generous cooperation of the Bureau of the Census in preparing
gpecial tabulations of its basic data. These tabulations were used for developing the measures con-
tained in this report.

The study was prepared in the Bureau’s Division of Productivity Measurement, Lloyd A.
Prochnow, Chief, under the general direction of Leon Greenberg, Assistant Commissioner for Pro-
ductivity and Technological Developments. This study was planned and conducted and the report
prepared by Benjamin P. Klotz.
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Disemployment of Labor at the Establishment Level

Introduction

Employment and Technological Change

Over the long run, technological change and in-
creased productivity have generally contributed to
economic growth and expansion of employment
opportunities. In the short run, however, numer-
ous dislocations have occurred, requiring transfer
and adjustment of workers to new occupations
and new industries. These short-run changes, ac-
companied in recent years by high rates of unem-
ployment, have frequently led to the question,
“How much unemployment is due to technologi-
cal change?” A precise answer to this question
may be impossible because unemployment may re-
sult from various other factors such as declining
demand and output, competition, and product sub-
stitution. These and other factors may ogerate
simultaneously and yet affect employment differ-
ently in different industries of the economy.

Process innovation (the technological change
which usually results from installation of labor-
saving machinery and equipment or managerial
improvements) is reflected in the increased pro-
ductivity (output per man-hour) of plants and in-
dustries. If the rise in output per man-hour is not
accompanied by an equivalent increase in output,
employment (measured in terms of total hours em-
ployed) will decline. Product substitution may
result from technological change in another plant.
That is, increased output and employment In one
plant or industry, may take place at the expense of
decreased output and employment in another—al-
though such substitution may not be accompanied
by productivity gains in any specific plant. In
both types of situations, workers who are dis-
placed and new entrants to the labor force must
seek job opportunities in other occupations or in
other industries.

Objective of Study

This study assesses the relative impact of pro-
ductivity increases and output declines on pﬁ)ant
employment in 17 selected 4-digit industries over
various time periods. The analysis is based on
information contained in a special Bureau of the
Census study (their Times Series Project), a pilot
project in which a time series of production statis-

tics were compiled for the establishments in 25
selected industries. Various groupings and break-
downs of the Census data are made in this report,
but in order to prevent the disclosure of individual
establishment data, the number of industries for
which data are presented has been reduced to 17.
See appendix for a description of the scope of the
study, including the specific 17 industries utilized
for the analysis.

Because data for individual establishments were
not readily available, previous studies on the im-
pact of technical change have examined output,

roductivity, and employment at the industry
evel only.! The purpose of this study is to deter-
mine the difference (or similarity) in results ob-
tained by using data for establishments instead of
industries for estimating the impact of technical
change.

Disemployment Measures

The key concept in this study is disemployment,
defined as the Jecline in production worker man-
hours associated with productivity advance (or,
the inverse, decline in unit man-hours). The em-
ployment decrease of a plant or industry is split
into two_portions, that due to a productivity ad-
vance (disemployment) and that due to output
decline.?

The disemployment estimates correspond to the
decline in the number of jobs available in certain
groups of industries or plants as a result of process
innovation. These estimates are only partial indi-
cators of total technological displacement as they
do not reflect the impact of product substitution
where plants or industries lose markets to tech-
nologically progressive competitors, to new prod-
ucts, and to new materials. This kind of tech-
nological change results in decreased output in
some plants or industries and is partly accounted
for in figures on decreases in employment asso-
ciated with decreases in output.

1 Ewan Clague and Leon Greenberg, “Technolo%lcal Change and
Emplogment,’ Monthly Labor Review, July 1962, %; 742-7486,
Leon Greenberg, Technical Ohange, Productivity and Employment
in the United States, Crganization for Economic Cooperation
and Development, December 1964,

12 See appendix for a basie description of the analytical proce-
dure for estimating disemployment.
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The total impact of direct process innovation
and product substitution resulting from process
innovation is approximated in this study by the
gross declines in man-hours exhibited by the plants
of an industry : approximated because product sub-
stitution can be caused by changes In consumer
tastes as well as by technological factors.

Disemployment is not necessarily identical to
unemployment resulting from process innovation.
Decreases in plant or industry employment do not
necessarily mean that workers are laid off and be-
come unemployed. In some cases, employment
reductions ‘are achieved through normal at-
trition—deaths, retirements, and quits.

Because the industry level estimates reflect nes
disemployment among industries, the estimates
may not accurately reflect the total disemployment
among plants. For example, in an industry where
employment increased, an estimate of disemploy-
ment based on the industry level would be zero.
However, within the industry there may be a num-
ber of plants in which employment declined as a
result of technological innovation. Consequently,
the industry level estimate would understate the
actual figure of disemployment.

On the other hand, it is possible that the indus-
try level estimates may overstate disemployment.
This situation could occur when a decline in prod-

STUDIES: EMPLOYMENT IMPACT OF TECHNOLOGICAL CHANGE

uct demand forces a low productivity (inefficient)
glant to reduce its output or go out of business.

f unit labor requirements and output in all
other plants remain the same, the industry level
estimates would indicate a decline in emplo ent,
output, and unit labor requirements, reflecting
partly the shift to higher productivity establish-
ments. In general, when the composition of in-
dustry output shifts to the high productivity
plants, the industry productivity figure rises even
though there may have been no improvement in
any plant. For such industries, the observed rise
in industry productivity implies that any employ-
ment decline is attributed to technological innova-
tions, even when none actually occurred. Since
there are sound economic reasons for expecting
high productivity plants to show a relative output
gain, an industry level disemployment estimate
may overstate the disemployment among plants.

It is also possible that the method of analysis,
using the net employment change of plants or
industries over a time period, could mask disem-
ployment that may have occurred during the in-
tervening years. That is, a worker replaced by a
machine but subseqently rehired as much as 38
years later may be excluded from a disemployment
estimate which covers a 4-year period.

et e -




Summary of Findings

In this study the employment behavior of se-
lected plants experiencing different rates of pro-
ductivity advance was analyzed by correlation
methods and from estimates of disemployment.
Although there were several ancillary results, the
main purpose of the investigation was to find if
disemployment estimates based on establishment
data would be different than similar estimates
based upon industry aggregates. Previous studies
(see footnote 1) of disemﬁoyment were based on
industry data for about 200 manufacturing indus-
tries. However, it was suspected that a great deal
of disemployment occurring at the plant level was
not being reflected in the industry level estimates.
This proposition has been tested using establish-
ment infornation in 17 selected 4-digit manufac-
turing industries—it was found to be generally
untrue.

An analysis of estimates of disemployment de-
rived from establishment data with correspondin
estimates derived from industry levels indicated.
(See tables A and B.)

1. For specific industries there was considerable
variation between the two estimates.

9. But in general, estimates derived from in-
dustry levels were neither consistently higher nor
}iower than estimates derived from establishment

ata.

3. In no specific industry did the two estimates

TasLe A. COMPARISON OF ALTERNATIVE ESTIMATES
or INpUSTRY DISEMPLOYMENT, 1957-61

{In thousands of production worker man-hours]

Based on plant Based on Difference:
Industry data industry plant minus
data industry

R 1,318 1,577 —~259
T 3,126 4,177 1,051
B e ——— 1,780 0 1,780
N 30,514 32,131 -1,617
Bmomemmemmmmemmma e mee 26,250 26, 632 718
S 7,078 10,340 ~3,262
. 64,122 65,763 -1,631
8o cacmemmmme—————— 2,455 4,118 -1,063
T 1,263 1,207 —~44
10u e e —————- 1,803 1,921 -~98
5 3,285 0 3,285
5 . 6,973 6,137 ~164
1 JO 3,690 2,677 1,013
5 S, 800 6 265
15... - - 1,038 0 1,038
5 1 3,114 6,462 -3,318
S 7,816 10,940 -~3,126

Totalecemceaaaae- 166,304 173, 687 ~0, 503

Sourer: Estimates derived from records of the Bureau of the Census for
establishments reporting in 1957 and 1961.

TasLe B. COMPARISON OF ALTERNATIVE ESTIMATES OF
INpUSTRY DISEMPLOYMENT, SELECTED PERIODS

(In thousands of production worker man-hours]

Based on plant data Based on
industry aggregate data
Industry
1047-57 | 1063-50 | 1967-61 | 1047-57 | 1953-69 | 1957-61
., G, 810 464 972 0 0 1,044
) S F 4,059 3,100 2,915 6, 383 1,382 3,396
Comemeeeeme 36,790 33,412 30, 165 18, 088 31,264 32,442
Do 29, 806 22, 806 26, 982 66,176 39, 790 25,711
B 4,730 4,563 5, 868 0 0 8,417
j (. 2,399 3,220 1, 578 821 2,671 670
(¢ T 8,517 2,783 2,864 6,389 0 6,637
| S 6, 658 3,72 6,023 231 4,927 9, 002
Total...| 92,669 74, 068 76,367 87,087 79, 934 86,218

S0oURCE: Estimates derived from records of the Bureau of the Census for
establishments reporting data for 1947 and 1961.

bear a consistent relationship to one another over
the various time periods studied.

These findings indicate that the disemployment
occurring at the establishment level in a specific
industry cannot be reliably estimated from mdus-
try aggregates of output, employment, and pro-
ductivity. However, based on the experience of
17 industries, it would seem that the establishment
level disempfoyment occurring in all manufactur-
ing industries can be rea,sonafly approximated by
estimates based on industry level aggregates. That
is, the previous estimates of disemployment for all
manufacturing, though based on industry data
are probably fairly accurate reflections of tota
manufacturing disemployment occurring at the
establishment%evel.

4. Percentage differences between the two esti-
mates for large industries were similar to the dif-
ferences for small industries.

The industry correlations based on establish-
ment data were an alternative approach to analyz-
ing the employment-productivity relationships.
They are analyzed in detail in the last section of
this report, but in summary they revealed:

5. That the correlation between percentage
changes in plant output and unit man-hour re-
quirements varied considerably among industry,
but was negative for 16 of the 17 industries, thus
indicating that, for this limited section of 17
4-digit industries, output increases were associated
with decreases in unit man-hour requirements (i.e.,
incriaa,ses in productivity) at the establishment
evel.

II-11
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6. The correlation between percentage changes
in plant production worker man-hours and unit
man-hour requirements also varied considerably
among the 17 industries, but the majority of cor-
relations fell between zero and 0.5, ie., establish-
ment productivity advances were associated with
production worker man-hour declines.

7. The correlation between percentage changes
in production worker man-hours and unit man-
hour requirements showed no tendency to be lower
over the 1947-61 period than during any of the
s%eriods. Thus, plant output did not expand
sufficiently in the longer period to negate the im-
pact of increased productivity upon production
worker man-hours.




Analysis of Disemployment Experience

Ratios Used in the Analysis

Several ratios were used for the analysis of pro-
ductivity advance and disemployment. Some of
these ratios explain the rate of incidence of disem-
g}oyment rather than its absolute magnitude. The

isemployment rate for a specified period is de-
fined as the ratio obtained b% dividing disemploy-
ment (D) during the period by production worker
man-hours (H) at the beginning of the period.
The importance of studying disemployment rates,
whether derived from plant evel estimates (D,/H)
or industry aggregates (D, /H?, is illustrated by
the seemingly simple question, “Is disemployment
a greater problem in industry x or in industry y %"
Of course, if industry x’s disemployment is twice
as large as y’s, this is an important fact. The
absolute magnitude of the human problem is
emphasized. For example, manpower retraining
programs might be geared to meet this problem ;
also, since the retraining needs and capabilities
of industry x workers may differ generally from
that of the y workers, the composition of such pro-
grams will be affected. But, if industry x is twice
as large as y the impact of disemployment does not
weigh more heavily on the x workers, in fact the
rate (or incidence) of disemployment is the same
in both industries. In a relative sense then the
problem is no greater in x than in y.

When analyzing the causes of plant leve] disem-
ployment, a strong relationship is found between
the amount of initial emf)loyment and the subse-
quent volume of disemployment, the correlation
being 0.87 for the 1957-61 period. Thismeans that
the larger industries have greater disemployment
volumes but indicates nothing about their rate of
disemployment.

This study concentrates on the potentially more
fruitful cours> of analyzing disemployment rates
by plants among the industries. Associations be-
tween these rates and such variables as the indus-
try’s rate of productivity or output advance could
lead to meaningful results. The technically
progressive industries need not experience disem-
ployment if their increase in output is sufficient to
offset their lower unit labor requirements. Corre-
lations between industry productivity advance and
their D,/H were calculated in this study to analyze
this possibility.

As explained in the introduction it is possible
for estimates of disemployment based on industry

aggregates to be greater or less than aggregate
disemployment estimates built up from plant data.
The measure D,/Di, the ratio of plant level to
industry level disemployment, was computed to
ascertain the degree of divergence between the two
measures and to buttress previous more compre-
hensive studies which focused upon industry level
disemployment.

The disemployment rates do not exhaust the
statistical information about labor displacement in
an industry. The concept of the gross displace-
ment rate 27 oross employment declines as a percent
of initial emgloyment=G‘rD/ H) includes the plant
level disemployment rate (Dy/X) plus the rate
of labor displacement caused by plant output de-
clines. Gross displacement then refers to the gross
employment declines of plants, whether caused by
productivity advance or output decline, and is the
raw figure from which the disemployment sum 18
distilled.

Rates of gross displacement can be compared
with disempioyment rates to determine the per-
cent of the gross declines which are allocated as
disemployment, that is, the D,/GD ratio.

The correlation between percentage changes in
employment and unit man-hours is an alternative
measure of the impact of technological change
upon employment. Positive correlations signi
that plant en(liplovment declined as unit man-hours
were reduced; the expanding output associated
with falling UMH was not sufficient to prevent
an employment decline.

Disemployment: 1957-61

Comparing plant level (D,) with industry level
disemployment (D)), 1957-61, the number of in-
dustries where:
D, exceeded D1 by more than 10 percent =6.
The D,, Di difference was less than 10 percent =6.
D, was less than 90 percent of Dy=>5.
For all 17 industries combined, plant level disem-

loyment was only four percent less than the
industry level figure® The former measure is
considered more appropriate when analyzing
the impact of technical change on employ-
ment. Changing manpower requirements of the
employer unit, the establishment, are more closely

3The industry level dlsemploiment rates (col. 1 of table 1)
were derived from table 1-a which gives a etailed breakdown
of each industry’s change in production worker man-hours.
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related to glant level behavior than to the move-
ment of industry aggregates. However, this dif-
Terence is so small that either estimate may be
used. Table 1 summarizes the statistics for 17
industries for which information was available
over the 1957-61 period.

During 1957-61, the industries having the high-
est disemployment rates generally experienced
above average productivity gains for the period,
and the industries with the lowest disemployment
rates had relatively low (or no) productivity dgams.
The rank correlation between tltq)e rate of industry
productivity advance and the plant level disem-
ployment rate was 0.85. Evidently, technical
change influenced the disemployment rate quite
strongly in this array of industries. This does not
necessarily mean that the typical plant’s produc-
tivity advance and its disemployment rate were
correlated, but that there was a statistical relation-
ship at the industry level. Any output-expansion
effect of improved productivity was apparently
not strong enough to prevent disemployment.

Total capital expenditures (CE) of plants hav-
ing disemployment were compared with the CE
of the remaining plants of each industry durin
the 1957-61 period. It was anticipated that C
per man-hour would be greater among the plants
experiencing disemployment. However, this was
not the case for the industries covered in this
study. Itwouldappear that plant disemployment
did not result from heavy capital spending (which
would presumably reflect substitution of machines
for labor). The plants which did such heavy
spending were not those which typically experi-
enced dissmployment.

There appeared to be no relation between the
plant disemployment rate and the rate of gross
employment decline (table 1, col. 5). This was
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somewhat surprising since the latter is comprised
of the former plus the employment decline as-
sociated with plant output declymes. It was like
finding thers was no correlation between a quan-
tity “w” and a quantity “w+x”. The x variable,
in this case the employment decline associated with
plant output declines, could not be positively cor-
related with w and w could not dominate x vis-a-
vis size.

Coefficients of correlation between the percent-
age changes in plant productivity and output, as
well as productivity and employment, are an al-
ternative method for analyzing the productivity-
employment relation (table 1, cols. 6 and 7). The
productivity-output relations were high and posi-
tive for three industries. Only one industry
showed productivity and output moving in the op-
posite direction. Only two industries had nega-
tive unit man-hour-employment correlations.
That is, progressive plants expanded employment
in these two industries. Both also hag a high
rate of gross employment decline (table 1, col. 4).
There does not appear to be any theoretical reason
for this particular association since a third indus-
try, which had a high rate of gross employment
decline, experienced no negative correlation.

Size distribution of absolute values of correlation coefficients

Productivity-  Productivity.
oulpud employment

0.249 orless. o oo 4 5
0.250-0.500. -« - e 9 8
0.501-0.750 - ool 4 4

Although there was considerable variation
among industries, the productivity-output associa-
tion was generally stronger than that for pro-
ductivity and employment.
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Disemployment Analysis for Reduced Sample of Industries

Disemployment: 1947-57

A consistent set of data for eight industries were
analyzed over the 1947-61 period to test the time
stability of the relations analyzed in table 1. The

lant data of the Census Bureau Times Series

tudy was more restricted in the years before 1954,
and not only was the industry coverage reduced
but the list of plants included i each industry was
more selective. Consequently, the industry anal-

ses in this and the following two sections are

ased on data for fewer establishments than for
their a }})larent counterparts in the previous sec-
tion. e three periods 1947-57, 1953-59, and
1957-61 were selected for comgarison, the first be-
ing a period of output growth and the last a pe-
riod of little output change.

Table 2 summarizes information derived for the
1947-57 period for only eight industries. Because
these industries are only a small part of all manu-
facturing activity, the results should be inter-
preted with care.

Plant level disemployment estimates exceeded
industry level estimates* in 6 of the 8 industries,
but when the two estimates were aggregated and
compared, D, for the group of eight industries ex-
ceeded D, by only 6.4 percent. the aggregate
the estimates were close even though they differed
widely for the various industries.

D,/H ezapresses disemployment derived from
plant level data as a percent of initial employment.
The D,/H statistic of column 2 is variable among
industries, ranging from 0.18 to a low of 0.07.
Significantly, these were the high and low indus-
tries, respectively, vis-a-vis productivity advance.
The D,/H statistic exhibited even more variabil-
ity. There appears to be some association during
the 1947-57 period between the incidence of plant
level disemployment, D,/H, for each industry and
the industry’s rate of decline in unit man-hours.
For the eight industries, the coefficient of rank
correlation was 0.63 between the D,/H column and
the percentage change in unit man-hour column.

Column 4 measures the incidence of gross plant
employment declines, GD/H. The incidence of
these gross declines display considerable variation
between the eight industries, ranging from 0.33 to
only 0.11. Paradoxically, these gross declines are

4+ The industry level disemployment rates for 1947-57 (col. 1
of table 2) were derived from table 2-a which analyzes in detail
}hg ptrolductlon worker man-hour change of each of the eight
ndnstries.

not associated with plant level disemplogment
though they are related to industry level disem-
ployment.®
olumn 5 expresses plant level disemployment
as a percent of the gross plant employment de-
cline. In one industry D,/GD was unity; there
was no plant employment decline associated with
an output decline in this industry. All the em-
ployment declines were assigned to process inno-
vation (disemployment). The two lowest D,/GD
industries (those where output declines had the
greatest impact on employment) experienced
elow average output increases and over half their
plants suffered output declines. As would be ex-
ected, the industries with higher incidences of
isemployment experienced higher D,/GD ratios,
but the correlation was not very strong
(Ry=0.54).

Co.relation coefficients are presented in columns
6 and 7. They are based on unweighted plant
data in each industry. There appears to be more
variability in the coﬂlmn T coefficient, relating the
percent change in employment to the percent
change in productivity, than in those of column 6,
which relate the percent change in output to the
percent change in productivity. It seems that the
employment-productivity ~correlations for the
ei%l t industries, in addition to exhibiting varia-
bility, are not ciosely related to any of the other
variables appearing in the table. Significantly,
they are not related to the incidence of disemploy-
ment, D,/H, the coefficient of rank correlation be-
ing only 0.29.

For this time period, the productivity-employ-
ment correlation derived for an industry is then
not a reliable guide to the incidence of disemplog'-
ment in that industry. However, if weighted ®
correlation coefficients had been computed, the cor-
respondence with the incidence of disemployment
might have been better.

5 A Spearman coeficient of rank correlation was computed b.
ranklngp the el%ht industries by their GD/H, Di/H, and Dp/lily
The ranks of GB/H and Di1/H were correlated (Rs=20.88) as were
GD/H and Dp/H (Rs=0.29). Rs=1—6 T d* where N=number

N (N2—1)
of observations and d=rank differences.

s The percentage change observations could have been weighted
by plant employment. See appendix. An equal weighting of

ants, the method used in this study, can create problems of
nterpretation. Assume two industries exhibit the same correla-
tion getween percentage change in unit labor requirements and

ercentage change in employment but that the average ;ilant size
Pn one industry Is twice that of the other, Then the disemploy-
ment estimate in the one industry could easily be twice that of
the other. The correlation coefficient of this study relates the
average association between percentage changes in plant employ-
ment and in productivity, not absolute amounts.
II-15
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Disemployment: 1953-59

Table 8 summarizes the same information as
table 2, but for the 1953-59 period. During this
period "also, plant level disemployment exceeded
the industry level measure? in six of the eight in-
dustries, but the opposite held very stronfgly in
another industry. In fact, the sum of D, for the
eight industries was only 93 percent of the sum of
D;, due to the impact of that one industry.

A ranking of the industries by their plant level
disemployment rate (Dp? and by their rate of pro-
ductivity advance revealed a rank correlation co-
efficient of 0.65, very close to the 0.03 for the 1947~
57 period. This indicated that the technically
progressive industries, as during 1947-57, tended
to have higher disemployment rates. However,
the sample size was extremely small since only
eight industries were covered.

The rates of gross employment decline, column
4, ranged from 88 percent to 10 percent. Gen-
erally, the industries which experienced high rates
of gross decline did not experience high rates of
glant level disel%)l(grment the rank correlation

eing —0.39). Evidently, declining output had
a more powerful influence on the gross plant em-

loyment declines than did disemployment.

owever, the puzzliag relation between industry
level disemployment and gross plant employment
declines is evident in this time period also. The
rank correlation of 0.55, is not strong, though sig-
nificantly different from zero, and the relation may
be coincidentsal rather than causal.

An examination of the correlation coefficient
again shows greater variability in the employ-
ment-productivity relationship than in the output-
productivity relationc. Three of the former
relationships are actually negative, meaning taat
employinent increased on the average as unit man-
hours dropped. This would require a large ex-
pansion of output, and this did occur in the three
mdustries. Their output, unit man-hour relations
were —0.477, —0.560, and —0.556. So, on the
(aiverage output expanded as unit man-hours

ropped.

The employment-productivity relation of col-
umn 7 again does not appear to be related to any
column on the table 4, a &ough the Dy/H column
has a 0.46 rank correlation with column 7. This
is stronger than the 0.29 of the 1947-57 period but
still not very significant. These two alternitive
measures of the technical change-employment re-
laigonship were not too consistent with one an-
other.

Disemployment: 1957-61

Tahle 4 traces the group of eight industries
through 1957 fo 1961. As for previous periods,
the eight exhibited differences between their in-

7 Industry level disemployment rates for 1953-59 (col. 1 of
table 8) were derived from table 3-a.
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dustry level & and their plant level disemployment
estimates. But, in chi¢ period the former ex-
ceeded the latter in six cases, reversing the be-
havior of the 1947-57 period. Column 3 of table
4 shows that the aggregate plant level estimate
was 89 percent of the aggregate industry level esti-
mate; as in the other periods, they were quite close.

Whereas the %Toup’s output rose 44 percent
from 1947 to 1957, it rose only 7 percent through
1961. The average annual rates of the group are
compared : ®

Group of eight industries~Annual rates
1947-57  1967-61

Employment. . o __. —1.4 =50
Qutpuba o e 4 4 1.75
Unit man-hours_ e e eeeccomcmaoooo —4,0 —6.25
Plant level disemployment._.__.__._. 1.5 3.5

Output decelerated and productivity acceler-
ated ¥ in the later period causing employment to
dro;i more rapidly than before. The rate of dis-
employment based on plant level estimates more
than. doubled.

There was little change in the rankings over the
two periods when industries were ranked by their
plant level disemployment rate (compare the col.
2 behavior in tables 2 and 4).** However, rather
large changes occurred in the rankings vis-a-vis
the incidence of gross employment declines. For
example, the highest incidence industgy over 1947~
57 experienced the lowest incidence during 1957-
61. There was also a weak correlation, 0.43, when
the relative ranks of the industries were compared
for the D,/GD variable over the two periods.
That is, disemployment did not account for a con-
stant fraction of the gross employment declines
either as between industries or for the same indus-
try over time. Thus, in summary, the effect of
output declines on employment was extremely var-
iable vis-a-vis the disemployment effect on employ-
ment.

The values of correlation coefficients relating the

ercentage change in plant employment and unit
abor requirements for the eight industries were
generally higher for the 1957-61 period than for
the 1947-57 period. The coefficients were higher
in five industries, and especially in one industry
where the relation changed from —0.039 to 0.440,
as time proiressed. Also, this is the only period
where a ranking of the eignt productivity-employ-
ment correlation coefficients corresponded with a
ranking of the industries by their rate of disem-
ployment. The Spearman coefficient was 0.79,
meaning that these two alternative measures of
the impact of technology upon employment were
consistent for the 1957-61 experience.

8 Industry level disemployment rates for 1957-61 (col. 1 of
table 4) were derived from table 4-a.

9 Although these are not compound rates of change, they do
indicate the basic differences between the two periods.

10 An acceleration of unit man-hours downward is equivalent to
an acceleration of productivity upward.

1 The Spearman coefficient was 0.80.




Correlation Analysis

Introduction

The relation between technological advance,
output, and productivity can be examined by cor-
relation techniques also, but the results must be
interpreted with care. During 1957-61, for ex-
ample, when unit man-hours were correlated with
output for 28 industries, the result was negative
for 92 of the industries; only one was positive.'®
This does not mean the UMH decline caused the
output advance or vice versa, the chains of causa-
tion run both ways. The findings do indicate that
declining UHM requirements wers associated with
expanding output among the plants of 22 of the
industries. These two movement had cffsetting
(la\f[ffgs on production worker man-hours (PW

The 23 industries for which separate correla-
tions are given are:

810 number Industry title
{53 Transformers
3519 e Internal combustion engines
3392 - - Nonferrous forgings
3301 Iron and steel forgings
8362 e Brass, bronze, copper castings
3352 e Aluminum rolling and drawing
8351 e Copper rolling and drawing
8334 e Primary aluminum
R S Primary zinc
3381 Primary copper
8328 e Steel foundries
3322 _. Malleable iron foundries
BT 1 1> S —, Steel wire drawing
8818 e Electrometallurgical products
3312 e Blast furnaces and steel mills
BT . Hydraulic cement
8011 e Tires
2011 e e Petroleum refining
2828 e Cellulosic man-made fibers
2822 e Synthetic rubber
22T e Tufted carpets and rugs
02 W Woven carpets and rugs
2092 e Soybean oil mills

Conclusions may be drawn as to whether plant
outﬁut expanded enough to offset the effect of
declining plant UMH requirements on plant
PWMH. Correlating the percentage change in
plant UMH with the percentage change in plant
PWMH for each industry, only two industries ex-
hibited negative correlation values. That is, on
the average, only in two industries was the increase
in plant output which occurred simultaneously

12 See appendix, table 6. These are the industries of the Census

Bureau Time Series Project with two of the 925-industry correla-
tions withheld because of insufiicient observations.

with the decline in plant UMH, strong enough to
result in an increase in PWMH. In these two
industries, the & erage plant behavior meant that
PWMH increased as UMH requirements fell.
One would expect very little job displacement
from process innovation (the disemployment con-
ce}(git) or product innovation in these expanding
industries. That is, the %reater the output expan-
sion among the plants of an industry, the less the
chance of an employment decline and the less the
change of disemployment. The disemployment
estimates and techniques have explored these rela-
tionships in greater detail in the previous parts
of this report.

Analysis of Correlation Coeflicients

Employment and Productivity. Previous statis-
tical studies of the correlation between unit labor
requirements (ULR)_changes and employment
changes have used industry information. Over a
speci%ed time period each industry in a group of
industries was treated as an observation and a cor-
relation coefficient was derived for the industry
oroup. For example, the correlation between
ULR changes and production worker man-hour
changes for 200 manufacturing industries over the
1957-61 period was 0.20. There wasa slight tend-
ency for man-hours to decline as unit Tabor re-
quirements declined.

The general conclusions based on industry level
analysis seem to be: 3

1. Correlations between declines in unit labor re-
quirements and man-hour declines are low, typi-
cally between zero and 0.25.

9. When longer time periods are examined, these
correlations approach zero, and in some cases de-
clining unit labor requirements are associated with
man-hour increases.

Though it is based on a nonrandom sample of
industries, this study attempts to determine
whether the industry level pattern repeats itself
at the establishment level. In certain industries,
using establishment data, the correlation between
changes in unit labor requirements (the reciprocal
of productivity) and changes in production
worker man-hours is quite higi.l‘* There are cor-
relations for 23 industries over the 1957-61 period
and five of these exceed 0.50. Fourteen of the cor-

—

18 See George Terborgh, The Automation Hysteria, Machinery
and Allied Products Institute, New York, 1965, appendix A.

14 See appendix, tables 6 through 10.

11-17




i
!
i

II-18

relations exceeded 0.25. These results indicate
that there can be a significant productivity-em-
ployment relationship at the plant level in some
industries over a short time period.

The group of 25 industries is not a random sam-
gle of all manufacturing since 14 of them are in

IC group 33, the Primary Metals Industries.
However, when a correlation was obtained based
on all the plants in the 25 industries over 1957-61
(some 1,600 establishments) the statistic was 0.21.
This compares with a 0.20 figure based on the be-
havior of 200 4-digit manufacturing industries
over the same period.’® These results are surpris-
ingly similar even though based on different levels
of aggregation and different industry groupings.

A longer time period was studied to see if the
unit man-hour versus production worker man-
hours correlation declined as the period length-
ened. Plants for which data were available back
to 1947 were examined. The Census Bureau Time
Series Project was less extensive for this earlier
year and only 15 industries could be examined.
Correlations were withheld on four of these in-
dustries because of insufficient observations, leav-
mg 11 industries for analysis.

Of the correlations for the 1947-61 period only
one exceeded 0.5, but six exceeded 0.25." As for the
shorter periods, during 1947-57, none exceeded 0.5
but six_exceeded 0.25; for 1953-59, one exceaded
0.5 and only three exceeded 0.25; and during
1957-61, one exceeded 0.5 but seven exceeded 0.25.
Thus, when all 11 industries are considered it can
not be said that the correlations were smaller for
the longer period 1947-61 than for the shorter
subperiods.

Perhaps a given industry might experience a,
lower correlation in the long run than in the short
run. However, only 2 industries of the 11 studied
exhibit correlations which are lowest for the long-
est period. That is, their 1947-61 correlation was
lower than their 1947-57 or 1953-59 or 1957-61
correlations. But the figures for one industry are
quite unreliable since the number of observations
is less than 30 and the correlation coefficients have
high standard errors. The other industry also has

1 Leon Greenberg, Technologica: Jhange, Productivity and Em-
ployment in the United States, Organizafion for Economic Co-
Operation and Development, December 1964,

STUDIES: EMPLOYMENT IMPACT OF TECHNOLOGICAL CHANGE

rather high standard errors in relation to the cor-

relation coefficients, so even here it would be den-
erous to conclude that the correlation coefficient
eclined as the time period lengthened.

On the other hand, the longer run (1947-61)
correlation of unit man-hours versus production
worker man-hours was grezfer than any of the
three subperiod correlations for 5 of the 11 indus-
tries. The results for these five industries are of
varying degrees of reliability with perhaps only
one showing a significantly greater long run
correlation,

The general conclusion must be that for the 11
industries studied there was no tendency for the
plant level productivity-employment correlation
to be weaker for longer time periods. It would
seem that in these indusiries the progressive plants
were not able in the long run to expand their out-
put enough to prevent their production worker
man-hours from declining. But it is not appro-

riate to generalize this result to all industries

ecause the 11 industries studied are highly selec-
tive and do not cover very long time periods.
Further, the choice of initial and terminal years
has been necessitated by data availability rather
than theoretical considerations such as the desire
to cover a complete business cycle. 'What has been
brought to light is the differing impact of techni-
cal change upon employment among various in-
dustries. In any event, plant level analysis seems
more relevant for this purpose because technical

rogress may displace workers from a plant
girectly, but only indirectly from an industry.

Output and Productivity. The output-unit man-
hour requirements correlations are ancillary to the
foregoing analysis but interesting in their own
right. Asin the productivity-employment corre-
lations there is a_tendency for the longer run
(1947-61) output-UMH association to be closer to
zero. For none of the 11 industries compared in
tables 7-10 is the 1947-61 correlation stronger
than each of its subperiod correlations. In fact,
5 of the 11 industries have 1947-61 correlations
which are weaker than any of their subperiod cor-
relations. These results are consistent with the
previous finding of a stronger productivity-
employment relation in the long run.
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APPENDIX

Technical Note

Scope of Study

This study is based on special tabulations of
establishment data from the Bureau of the Census.
The data are those included in a Time Series Proj-
ect of the Bureau of the Census which was under-
taken to study the factors involved in the growth
and structural change of the industrial economy
in the United States. The study makes use of the
Census of Manufactures records, the Annual Sur-
vey of Manufactures, and special supplemental
Census surveys.

The time series study will eventually include all
manufacturing and mineral industries. Initially,
however, 25 manufacturing industries have been
selected representing the major portion of 2-digit
industry group 83 and a few industries represent-
ative of various other manufacturing industry

oups. The establishments are classified on the

asis of the industry code in the 1958 Census of
Manufactures (1957 Standard Industrial Clas-
sification).

The establishments included are those in the 4n-
nual Survey of Manufactures sample. Therefore,
the study includes nearly all large establishments
(those with more than 100 employees in 1958) and
a probabilitly sample of smaller establishments.
A few small establishments with incomplete rec-
ords have been omitted from the tabulations.

Even though great care was taken in compiling
the plant data, reporting errors inevitably arose.
Some of these were of a gross nature and resulted
in exclusion of the relevant establishment from tha
tabulations. Fortunately, as seen in the accom-
ganying table 5, indusiry coverage was not re-

uced significantly except in a few industries.

The plant rccords for 25 industries cover the
1954-61 period. However, when these records
were extended back to 1947 in 15 of the industries,
they proved less comprehensive. Most of this re-
duction was due to a change in the sample for the
Annual Survey of Manufactures in 1953. Some

lant records could not be traced back to 1947.

lants were dropped, and, thus, industry coverage
was further reduced. See table 5 for coverage
ratios.

Comparability of Industry Aggregate Data
With Other BLS Studies

The “industry measures” of productivity, out-
put, and employment employed in this stud , 85
seen from table 5, are based on a subset of the
plants in each industry. Although the plants in
the Census Time Series Project were selected by a
stratified random sample, the plant list of this
study is not random. By necessity Ik)llants with
unreliable data were eliminated. Therefore, a
comparison of these figures with other published
output, groductivity, and employment series may
show differences because the industry coverage 1s
different. .
Furthermore, this study’s output measure is ad-
justed gross production divided by a price index,
whereas the typical BLS study attempts to meas-
ure output as physical units weighted by unit labor
requirements. There is a conceptual difference
between the output measures of the two methods.

Periods Selected

Three overlapping but dissimilar time periods
were chosen for the disemployment study. To
have the analysis cover a recent period, 1957-61
was chosen. Manufacturing employment rose
during 1947-57, but declined over 1953-59. The
periods differed in that manufacturing output rose
more sharply in the early years than in the later
years. The periods were chosen for consistency
with previous studies on industry data. See,
Ewan Clague and Leon Greenberg, “Technologi-
cal Change and Employment,” Monthly Labor Re-
view, July 1962, pp. 742-746; Leon Greenberg,
Technological Change, Produciivity, and Employ-
ment in the United States, Organization for Eco-
nomic Co-Operation and Development, December
1964.

Data Definitions

a. Output=real adjusted gross production=
value of shipments plus net change in inventory
and work-in-process, adjusted for price change.
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S;[.anublished BLS price indexes were used for
this purpose.)

b. Employment= production worker man-hours,
abbreviated as PWMH.

¢. Productivity=output divided by employment
(i.e., production worker man-hours).

d. Unit Man-Hours=employment divided by
output, abbreviated as U'MHp

e. Plant=establishment (as opposed to “firm”).

Data Limitations

Some causes for divergence between computed
output and productivity and actual output and
productivity may be cited. The output of each
glant was adjusted by an industry grice index.

f the product mix produced by each plant was the
same as the industry mix, the price index would
then apply with equal validity to every plant.
Product mixes differ, however, and the common
price deflation introduces an element of error into
the plant output measures. The extent of this
error 1s unknown.

The price indexes are computed from available
wholesale f)rice indexes of commodities, and it was
not possible to price eve=r product of every indus-
try. Although the proportion of products in-
cluded in the price index varies among the indus-
tries, the coverage was generally above 70 percent
of the value of production.

There is the possibility that the correlation co-
efficients are biased upward. They are based on
reported PWMH. and output, not actwal PWMH
and output. The output-unit man-hours correla-
tion in effect puts the reported output measure on
both sides of an equation, and this reported output
can be thought of as the true output plus a report-
ing error. The actual correlation is Q+E vs. (H
+V)/(Q+E) where Q is true output, H are
true man-hours, E is the reporting error of Q, and
V is the reporting error of H. Since E influences
both terms, it causes some degree of spurious cor-
relation between them, i.., as E increases, Q+E
increases, but (H+V)/(Q+E) decreases’ Any
negative correlation between the true Q and the
true 2I/Q would be made even closer to minus
one by the error term on both sides. When H+
V is correlated with (H+V)/(Q+E), the true
correlation, by a similar argument, is forced closer
to plus one because of the action of V.

The correlation coefficients and their standard
errors are subject to further limitations. Because
it was necesszugr to exclude data for some estab-
lishments, we do not have a probability sample
of the plants of each industry. This distribution
of the observations on the variables is not normal,

1Upless V increases proportionately to E. in which case H--
V/(Q+E)=H/Q and no biag is introduced. Probably V and
I move together and this tends to minimize any bias in the cor-
relation coefficients. But the association between V and E is
ggléﬁfsw&u%%d some bias probably exists in the correlation results
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and in many instances the number of plant
records available for analysis is small. For these
reasons the usual interpretation of the significance
of the R values would be invalid. It is necessary
to interpret the measures with care.

Detailed Analytical Procedure

Disemployment Study. For purposes of this an-
alysis, the plants were divided into two broad
groups—those with PWMH decreases and those
with increases. For the latter group there is, of
course, no net loss in employment associated with
productivity gains (although there may have
been such an association among occupational
groups or individual departments within the

plants).

The plants with production worker man-hour
decreases were divided into three subgroups:

Subgroup 1. Output increased but unit man-
hours decreased. The entire decrease in man-
hours is associated with the decrease in UMI,
and is considered disemployment.

Subgroup 2. Output decreased but unit man-
hours increased. Output was responsible for the
man-hour decline.

Subgroup 3. Both output and unit man-hours
decreased. Part of the employment decline is dis-
employment—that part due tc the decline in
U’l\EH. The remainder of the man-hours decrease
is associated with the decline in output. The
diagram illustrates the amount of disemployment
when both output and unit man-hours fall. Q.
is initial output and (H/Q), is initial unit man-
hours.

Qi

Q

Dicemployment

(H/Q)2 (H/Qh

Disemployment, as defined, can occur only in
subgroups one and three. The entire PWMH de-
cline in subgroup one, but only a part of the sub-
group three decline, is disemployment. Subgroup
one plants experienced a man-hour decline even
though output increased. The decrease must have
been due to technical change (process innovation).
In the subgroup three, plant man-hours decreased
because their output as well as their unit man-
hours were declining. The decrease was corre-
spondingly split into an output effect and a
productivity effect, the latter being the disem-
ployment figure for the plants.
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For analysis purposes, the plants with PWMH
increases were also divided into three subgroups:

1. Output and UMH increased.

9. Outpuc incressed but UMK decreased.

3. Output decreased but UMH increased.

Since these three groups experienced no man-
hour declines, disemployment for them must be
zero.

Correlation Analysis. Using plant data for each
of the 25 industries, Pearsonian correlation coef-
ficients were derived for various time periods be-
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tween the percentage chan%es in (1) productivity
and output, and %2) productivity and employ-
ment. Specifically, for 1957-61, 1953-59, 194’?—
57, and 194761, unweighted (that is, plants were
weighted equally even though theg differed widely
in size) plant data were used as observations.

Other correlations mentioned in the text, such
as that between the industry disemployment rate
and the industry rate of productivity advance,
are Spearman rank correlations. They are dis-
tinguished by being based upon industry, rather
than plant observations.

Tagig 1. ANALYsis oF OuTpuT, EMPLOYMENT AND PRODUCTIVITY RELATIONSHIPS, 1957-611
Percent change DyH Dy/H Dy/Di GD/H D,/GD Rq. H/IQ | Ry, HIQ
Industry
Employ- | Output Unit man- 1 2 3 4 5 6 7
ment hours

VR — —18 10 —26 0.18 0.15 0.84 0.21 0.71| —0.625 0. 366
D e e mm e —25 ~14 -13 .12 .09 .75 .26 .34 —.499 ~.256
B e mmm e 7 86 ~30 .00 IS 11} I— .16 .65 —.420 .306
4 -17 9 —24 17 .16 .95 .19 . —. 532 .399
bo-o- . - -17 14 —27 17 18 1.03 .20 .80 —.164 .507
S —15 3 —18 .15 A1 . .21 .53 —.525 207
A -2 -17 ~7 .07 .07 . .25 .28 —.384 .209
8 —35 —-23 —16 .16 .10 .60 .37 .27 —. 647 -.221
9 -5 3 -8 .05 .05 .97 12 .41 —.285 .360
10.... ~18 -1 -6 .05 .05 . .19 27 +. 012 .510
T -33 —35 +2 .00 N7 IO .40 .10 —.320 .098
12 -10 8 —16 .10 .10 97 17 .50 —.396 .309
S —4 11 -13 04 .06 1.39 .15 .40 —.151 .531
4, -7 10 -7 .07 .10 1.42 .22 .46 —.017 .621
15.... —27 -31 +-6 .00 .03 14.36 .25 .12 —. 366 172
1B mmmmm o mmmm e nmm s -18 -9 -10 .00 04 .53 .24 17 —.288 .219
1T e omme e — -8 -21 .20 .14 1,60 .32 4 -.314 446

VI -21 —4 —17 0.09 0.09 0, 96 ) 6 ~0,463 0,208

Column 1: Industry level disemployment/Initial production worker man-
hours (i.e., PWMH 1057).
9: Plant level disemployment/Initial production worker man-hours.
3: Ratio of No. 2 to No. 1.
4: Gross plant PWMH declines/Initial PYYMH.,
5: Plant level disemployment/Gross plant PWMH declines.

6: Correlation between the percentage changes in plant output and
unit man-hours.

7: Correlation between the percentage changes in plant PWMH
and unit man-hours,

1 Based on establishments for which data were available during 1054-61.
2 Not available,

TasLE 1-8. RELATIONSHIP BETWEEN CHANGES IN EMPLOYMENT AND CHANGES IN UniT MAN-HOURS, SELECTED INDUS-
TRIES, 1957611
Change in total production worker man-hours
Total production worker
Number of man-hours Associated with decrease in—
Industry establish- Total
ments
Unit man-hours Output
1957 1961 Actual Percent Actusl Percent Actual Percent
1 — 49 8, 576 6,999 -1, 577 —18.4 -1,677 —18.4 0 0
D tmiremmmmmnm—m——mm————— 27 34, 545 25,741 —8, 804 —25. 6 —4,177 -12,1 —4,627 -13.4
Beemmmecmnemcamenm——— 62 18,494 19,796 1,302 7.4 0 0 0 0
4 - 207 164, 536 162, 405 -32,131 —16.6 —32,131 —~16. 6 0 0
Beenmmammmmmemm———m————— 62 148, 889 123,357 ~25,532 -17.1 —25, 632 -17.1 0 0
Beeecmmammanmm——————————— 162 67, 364 57,024 ~10, 340 -15.3 —10,340 -15.3 0 0
T eoammmm—————————————— 230 083, 085 757,920 —226, 165 -22.9 —65, 753 —06.7 —159, 412 -16,2
8 cccmcammmmneamem———— 29 25, 060 16,195 —8, 865 —35.4 —4,118 —16. 4 —4,747 —18.9
Qe cmmmmcmm———————————— 59 25, 457 24,160 —1,297 =5.1 -1,297 -5.1 0 0
10 e eimmmmm—mm———————— 65 35,162 290,478 -5, 684 —16.2 -1,921 —-5.5 -3,763 -10.7
11 —— 136 93, 655 62, 539 -31,116 -33.2 0 0 ~31,116 —-~33.2
b S, 66 60, 964 b4, 827 —G,137 -10.1 -6,137 -10.1 0 0
13 ——— 71 70, 386 67, 809 -2,577 -=3.7 -2, 677 -3.7 0 0
14 eecmmmmm———————— 42 8, 703 8,168 —025 -7.1 —025 -7.1 0 0
15 - 91 69,205 43,474 —15, 731 —20.6 0 0 -16, 731 —26. 6
b [ TS 43 69, 231 66, 713 -12, 618 ~18.1 —6, 462 -9.3 —6, 056 —8.7
b 46 64, 730 30,705 —16, 025 —27.6 —10,940 —20.0 —4, 085 -7.6
Total.cenucnneanas 1,427 1,958,132 1, 656, 310 —401, 822 —20.6 ~173, 687 -~8.9 —220, 637 -11.7

1 Based on establishments for which data were available during 1954-61. SoURCE: Census Burcau Time Series Project.
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TABLE 2. Ananvsis oF Qurput, EMPLOYMENT AND PropucTiviry RELATIONSHIPS, 194757t
Percent change DyH Dy/H Dy/Dy GD/H D,/GD Rqo,H/Q | Ry, H/Q
Industry
Employ- | Output | Unit man- 1 2 3 4 i 6 7
ment hours

A e +32 | 4179 —53 0.00 0,18 |omooeoeee 0.18 1.00| —0.403 0.340
< ~15 +21 ~24 .15 A1 0.75 . .40 —. 288 .C42
(o -9 +83 —44 .0 .18 1.98 .21 .85 -, 303 .411
0 ~29 ~2 ~27 .27 .14 .53 . .43 ~. 287 .237
O +4 +48 ~30 .00 009 [ A1 .82 ~. 503 .388
P T -3 +11 -12 .03 .07 2.92 15 .48 - 377 .072
¢ S -9 +22 28 .09 .12 1,33 .28 .43 —. 389 .072
) 2 S -1 +38 —28 .01 .15 28.40 .19 77 -.27 -.039

Totaleeee e —14 +44 —40 0.14 0.145 1.06 ® (O o) 0]

Column 1: Industry level disemployment/employment 1947 = DyH.
2: Plant level dissmployment/employment 1947 = D,/H,
Plant level disemployment/industry level disemployment =
o/Di.
Gross declines in plant employment/employment 1047 = GD/H.
Plant l(i)vel disem%loyment/gross declines in plant employment
= ) .

unit man-hours = R,
3:

) and unit man-hours = Ry, H/Q.
o 2 Not available.

6: Correlation between ﬁe/xécentage changes in plant output and
7: Correlation between peroéntage changes in plant employment

1 Based on establishments for which data were available during 1947-61.

TABLE 2-a. RELATIONSHIP BETWEEN CHANGES IN EMPLOYMENT AND CHANGES IN UnIr Man-HouRs, SELECTED INDUS-

TRIES, 1947-571

Change in total production worker man-hours
Total production worker
Number of man-hours Associated with decrease in—
Industry establish- Total
ments
Unit man-hours Output
1947 1957 Actual Percent Actual Percent Actual Percent
21 4,487 6,939 1,452 32.4 0 0 0 0
19 36,329 20, 946 ~5,383 -15.2 ~5, 383 -16, 2 0 0
143 194,400 176,402 ~18, 088 -9,3 -18,088 -9,3 0 0
43 205, 562 145, 589 ~59, 973 ~29.2 -66,175 ~27.3 -3,708 -1.8
117 62,080 5, 242 ~2,162 ~4,2 0 0 0 0
46 32, 064 31,243 —-821 ~2,6 —821 -2.6 0 0
33 70,208 63,819 ~6,389 ~9,1 -0,389 -9.1 0 0
23 44,827 44, 596 -231 -0.5 ~231 -0.5 0 0
445 639, 047 661,776 -~87,211 ~13.7 —87, 087 —~13. 8 -~3,798 -0.1
1 Based on establishments for which data were available during 194761, SoURcE: Census Bureau Time Series Project.
TABLE 3. ANALYsis oF OUTPUT, EMPLOYMENT AND PRODUCTIVITY RELATIONSHIPS, 1953-59 1
Percent change DyH D,/H Dy/Dy GD/H Dy/GD | R, H/Q | Ry, HIQ
Industry
Employ- | Output | Unit man- 1 2 3 4 5 6 7
ment R hours
12 73 -35 0.00 0.09 |mooem . 0.10 0.89 ~0,302 0. 639
-5 18 -19 .05 11 2.24 .20 .56 ~. 477 - 022
-17 24 -33 A7 .18 1,07 «22 .83 -, 422 .415
-22 1 -24 022 .13 .57 W27 .48 —-.312 246
1 26 -20 .00 009 {amme . . 13 70 ~.480 . 423
-34 ~29 ~8 .06 .08 1,26 .35 .23 —. 560 -, 008
—18 —18 +1 .00 03 | .27 J1 ~. 556 —.414
-32 ~24 -11 .10 .08 W75 . .21 -.272 .209
—18 1 -29 .13 .12 .93 ® ® ® ®

Column 1: Industry level disemployment/employment 1963=Dy/H.
2: Plant level disemployment/employment 1953=D,/H.,
3: Pl?)ntDlevel disemployment/industry level disemployment

= ie

4: Grogs declines in plant employment/employment 1953=GD/H.

6: Plan?éelgel disemployment/gross declines in plant employment
=D,/GD.

unit man-hours=R,
and unit man-hours=

b, H/ Q'
2 Not available.

6: Correlation between Ig;zacentage changes in plant output and
7: Correlation between Rercéntage changes in plant employment

1 Based on establishments for which data were available during 1947-61.
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TABLE 3-8. RELATIONSHIP BETWEEN CHANGES IN EMPLongmgT AND Cranges IN Unit Man-Hours, SELECTED INDUS-
TRIES, 1953-59

Total production worker Change in total production worker man-hours
man-hours
Number of Associated with decrease in—
Industry establishments Total
1953 1959 Unit man-hours Output
Actual Percent Actual Percent Actual Percent
23 5,401 6, 063 662 12.3 0 0 0 0
20 29,276 27,804 ~1,382 —4,7 -1, 382 —4.7 0 0
150 188, 318 157,054 =31,264 —16.6 —31,264 —16.6 0 0
44 177,166 137, 366 -39, 790 —22, 6 ~39, 790 —22.5 0 0
14 52,017 63, 436 519 1.0 0 0 0 0
47 41,073 27,056 —14, 017 -34.1 -=2,571 —6.3 —11,446 —-27.9
35 80,677 66, 413 —14,2064 -17.7 0 0 —14,264 -17.7
26 48,184 32,702 —16, 482 -32.1 —4,027 -10.2 -10, 566 —-21.9
469 623, 002 607,984 115, 018 —18.6 —~179, 934 —12.8 ~36, 265 -5.8
1 Based on establishments for which data were available during 1047-61. SoURCE: Census Bureau Time Series Project.
TABLE 4. ANALYsIS oF OuTPuT, EMPLOYMENT AND PRODUCTIVITY RELATIONSHIPS, 1957-611
Percent change Di/H Dy/H Do/Di GD/H | Dy/GD | Rq,H/Q | Ry, H/Q
Industry
Employ- | Output Unit man- 1 2 3 4 6 6 7
ment hours
A e cecmcmmemmem—mm————— —18 16 -29 0.18 0. 16 0.93 0.21 0.78 -0, 643 0. 501
B eeemememcanm——————— —26 —15 —-12 .11 .10 .86 .28 .36 -, 382 -, 081
C.. —18 10 -26 .18 17 .93 .20 .86 —. 540 .370
Do ctmmme—m———e——————— -18 1 —28 .18 .18 1.01 .20 .89 -, 207 L445
B emememmmm—ma———m——— —16 4 -19 .16 11 .70 .21 .52 -, 514 .307
F..- ——— -26 -2 -2 .02 .05 2.36 .26 .19 ~,410 .130
e mmmeme e ——— =20 =11 =10 .09 .04 .62 .2 .19 -, 249 274
¥ e m————— —— =31 -12 =21 .20 14 .67 .36 .39 -.301 .440
Totalecemem e e mcamme -20 7 -25 0.16 0.14 0.89 ® ® ] @
Column 1: Industry level disemployment/employment 1957=Dy/H.
92¢ Plant level disemployment/employment 1057=Dy/H.
3: Plant level disemployment/industry level disem[t) oyment=Dp/Di.
4: Gross declines in plant employment/employment 1057=GD/H.
5: Plant level disemployment/gross declines in ?lant employment=Dp/GD.
g: Correlation between percentage changes in plant output and unit man-hours=Rq, H/Q.
7: Correlation between percentage changes in plant employment and unit man-hours=Rs, H/Q.
1 Based on establishments for which data were availabie during 1947-61. 2 Not available.
TABLE 4-a. RELATIONSHIP BETWEEN CHANGES IN EMprLoYMENT AND CEANGES IN UNiT MAN-HoOURS, SELECTED
INDUSTRIES, 1957-611 - -
Change in total production worker man-hours
Total production worker
Number of man-hours Associated with decrease in—
Industry establish- Total
ments
Unit man-hours Output
1057 1961 Actual Percent Actual Percent Actual Percent
....................... 23 6, 939 4, 805 —1,044 -~17.6 ~1,044 ~17.6 0 0
....................... 20 29, 946 22,302 -7, 044 ~25.5 -3, 395 —11.3 —4, 249 ~-14,2
....................... 145 176,402 143, 960 —~32,442 —18,4 —32,442 ~18.4 0 0
—— - 49 145, 589 119,878 -~25,711 —-17.7 ~25,711 —17.7 0 0
....................... 127 54, 242 45, 825 —8,417 ~16.5 —-8,417 ~15.6 0 0
B (SR, A7 31,243 23,168 -8, 076 —25.8 —670 -2.1 —7,405 -23.7
[ S 35 63,819 61,142 —12,6877 -19.9 —§, 537 -8.7 -7,140 -11.2
....................... 30 44, 506 30, 924 —13,672 -30.7 -9, 002 -20.2 —4, 670 -10,5
Total. ceemcamccena 476 651, 776 442,094 ~—109, 682 -19.9 —86, 218 —-15.6 —23, 464 —4.3
1 Based on establishments for which data were availablo during 1947-61. SouR “E: Census Bureau Time Series Project,
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TABLE 5. PERCENT OF INDUSTR

STUDIES: EMPLOYMENT IMPACT OF TECHNCLOGICAL CHANGE

v PropUcTION WoRKER MaN-Hours (PWMH), SELECTED ESTABLISHMENTS

Establishmonts for which 1054-61 data were available Establishments for which 1947-61 data were available
Indust:
i Number of covered | PWMI 1961 (in | PWMEH coverage Number of covered PWMH coverage
establishments thousands of 1061 (percent) establishments PWMH 1947 1947 (percent)
. man-hours)

49 6,999 0.69 21 4,487 0.39
27 25,741 .96 19 35,320 AR
652 19,796 I & R [ e S EEEE LSS
207 162,405 .89 143 104, 400 .82
62 123,357 .95 43 205, 562 11,11
162 67,024 .03 117 62, 080 .79
230 757,920 X1 TR (RSN [ S R E T
29 16,195 I T: 3 P [ naa— TS EEEEEL LD
69 24,160 I '3 N [ —— PR R LR Sl
65 20,478 % 2 I R ———— I PP LEEE
136 62, 639 I 3 A [N RS LR EEELL I L)
60 64,827 IR 21 TR e FE S EEEEEL L
n 67,809 2 O OO
42 8,168 IS 11 NN U FSARUEE S
91 43,474 .73 46 32,064 .48
43 66,713 .90 33 70, 208 .48

46 39,705 . 23 44,827 .
1,427 1,650,310 |accceacacccmnannnaa- 445 639,047 |ecmameeceem e

1 Greater than 100 percent because some plants are included in this study

TasLE 6. COEFFICIENTS OF C

\;rhilcglbwere classified in Industry 3009, Rubber Not Elsewhere Classified,
n .

ORRELATION BETWEEN SELECTED VARIABLES Basep oN PErceENT CEANGE 1957 TO 19611

Coefficient of correlativn between unit man-hour Coefficient of correlation between unit man-hour
requirements and: requirements and:
Industry Production 3 Production worker man- Industry Production 3 Production worker man-
hours hours
r Sr r 8r r Sr r Sr
—0.626 0.092 0.356 0.132 || 13mammmmmammmmccmeeeemamae —0.320 0. 079 0.098 0. 088
—.409 .150 —. 256 BTy N | I L —. 768 . 085 288 .205
—. 420 .123 .306 w135 || 16 meeea e -. 764 .104 017 . 250
—.642 .162 540 2183 || 16 cmmmammme e e —. 650 .146 . 0560 . 258
—.685 .118 144 RS TN | I O —.396 .109 . 309 117
—. 532 .052 .399 w081 || 18 e mmmemmm e —.151 127 531 .004
- 184 ,132 . 507 IR0 113 T | (AR —. 017 .167 .621 .102
—. 525 . 060 .207 W06 || 20cccmmmmmmememcemmmanaaa —. 360 . 002 .172 .103
—, 384 . 059 . 209 N0 i T | R —— =187 . 279 .139 . 283
—. 647 .116 —. 221 B (TN | S —. 288 147 .219 .162
—. 285 .123 . 369 I [ | e S —.314 . 146 . 446 .130
.012 .139 .510 .103 || 25 industries combined 3... —.463 .021 . 208 .025

r=Coefficient of correlation.

s,=Standard error of I,

1 Establishments for which data were available during 1954-61.

2 Deflated adjusted gross

production,

3 Includes data for two industries for which data are not shown separatcly.
SouRcE: Annual Survey of Manufactures Time Series Records for 26 indus-

tries for the years 1954-61.

TaABLE 7. COEFFICIENTS OF CORRELATION BETWEEN SELECTED VARIABLES BasEp oN PErRcENT CHANGE 1947 To 1961!

Coefficient of correlation between unit man-hour Coefficient of correlation between unit man-hour
requirements and: requirements and:
Industry Production 2 Production worker man- Industry Production Production worker man-
hours hours

r Se r Se r 8: r Se
1o mmemm———— —0.344 0.164 0.402 (170 U] 70 | —0.413 0. 207 0.466 0.196
D —— -, 157 <230 284 27 || 8 —. 667 .168 -, 001 .200
SR -.671 137 .328 I 3 | [ I P LR —. 251 115 . 206 .118
U —.228 . 080 524 12N | R S —. 213 177 . 080 .185
R -, 308 . 135 170 ST 1B S —. 024 .218 .108 .216

TS ——— —.511 . 067 425 .074 || 16 industries combined.... ® ® ® ®

r=Coeflicient of correlation. 1 Not available.

sp=Standard error of r.

1 Establishments for which data were available during 19847-61.

2 Deflated adjusted gross

production,

SouRrcE: Annual Survey of Manufactures Time Series rec 1
industries for the years 1047.61. ords for 16
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TaBLE 8. COEFFICIENTS OF CORRELATION BETWEEN SELECTED VARIABLES BASED ON PERCENT CHANGE 1947 To 1957 ¢

Coefficient of correlation between unit man-hour
requirements and:

Coefficient of correlation between unit man-hour
requirements and:

Industry Production 2 Production worker man- Industry Production 3 Production worker man-
hours hours
r Se r Se r Se r .73
1
AR —0403| 0183 0310 0261 || 7oocemeeeee —0.061 0.240 |  0.484 0.106
P -, 288 .216 . 042 <235 . T ~, 665 .168 .337 . 287
S —.461 . 186 .401 179 N - 377 .106 .072 .122
S ~.303 . 076 .411 069 H 10 ~.389 .155 072 .182
Bemmmcmcmcemcm———————— -, 287 <137 <237 41 1. . -, 271 . 202 —. 039 .218
O —. 603 . 067 . 388 .076 || 16 industries combined._... ® ® ®
r~=Coeflicient of correlation. 3 Not available,

s:=Standard error of r.

1 Establishments for which data wero available during 1947-61.
3 Deflated adjusted gross production,

SBOURCE: Annual Survey of Manufactures Time Serics records for 15
industries for the years 1947-61.

TaBLE 9. CoOEFFICIENTS OF CORRELATION BETWEEN SELECTED VARIABLES BASED ON PERCENT CHANGE 1953 o 19591

Coeflicient of correlation between unit man-hour
requirements and:

Coefficient of correlation between unit man-hour
requiroments and:

Industry Production 3 Production worker man- Industry Production 2 Production worker man-
hours hours

r Se r Se r 8 r 8
5 -0.302 0.175 0.639 0,114 H 7 e -0.727 0.111 0.098 0.233
p S —0.447 0. 200 —0,022 0.250 [{ 8ucomm e -0, 580 0.184 0.050 0.277
D J —0.630 0.135 0.014 0.224 [| 9omeom e mm e 0. 560 0.093 ~0.008 0.136
4 e —0.422 0.072 0.415 0,072 || 100 oo e 0. 556 0.120 —~0.414 0.144
B —0,312 0.136 0. 246 0.242 |f 11 e —0.272 0.197 0. 209 0.204

S ~0.480 0.073 0.423 0.078 [} 16 industries combined.... ® ® ® ®

r=Coefficient of correlation. 3 Not available.

se=Standard error of r.

1 Establishments for which data were available during 1947-61.
1 Deflated adjusted gross production.

SoURCE: Annual Survey of Manufactures Time Series records for 15
industries for the years 1047-61.

TABLE 10. CoOEFFICIENTS OF CORRELATION BETWEEN SELECTED VARIABLES BASED ON PERCENT CHANGE 1957 T0 1961

Coeflicient of correlation between unit man-hour
requirements and:

Coeflicient of correlation between unit man-hour
requirements and:

Industry Production 2 Production worker man- Industry Production 2 Production worker man-
hours hours

r Se r Ss r 8 r 8
S ~0. 643 0.094 0.501 0.120 || 7o eeee ~0.766 0.095 0.278 0.212
P cmeemmmem—m———————— —~.382 .182 —.081 o202 || 8 e —-.844 077 . 057 . 266
. OO -, 738 .105 . 064 o228 || O e —.410 094 .130 11
L T —. 540 . 056 .370 o067 1 10 e —-. A9 . 154 . 274 . 152
B e -, 207 134 .445 B 5 520 | I & O -, 391 .150 .440 . 143

Bmmmemmeemmem—a—e—————— -~. 514 . 063 307 078 || 16 industries combined.... ® ® ® ®

r=Coeflicient of correlation. 3 Not availabla.

s.=Standard error of r.

1 Establishments for which data were available during 1947-61,
3 Deflated adjusted gross production.

206-754—66—vol, II—3

SOURCE: Annual Survey of Manufactures Time Series records for 1§
industries for the years 1947-61.
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The Rate of Development and Diffusion of Technology

1. Introduction

‘World War II initiated a new era in science and
technology. For the first time in history, the in-
dustrial nations of the world—the United States,
England, Germany, Russia, and Japan—spent
substantial public funds to accelerate technological
development. Although the primary objective of
these research efforts was the development of new
military weapons, such as guided missiles and the
atomic bomb, they also produced a number of im-
Eortant innovations which formed the basis for a

ost of new industrial and consumer products
after the war. Many of these products—radar,
microwave communications, jet aircraft, electronic
computers—have become an important part of our
modern industrial and consumer way of life.

In the United States alone, expenditures for
technological research and development during
World War II amounted to more than $4 billion,
the major portion of which was provided by the
Federal Government. After the end of World
War II, Government research and development
expenditures for military and defense applications
declined, but they increased significantly again
during the Xorean war. Government-supported
research and development has continuedp to in-
crease since that time as the country’s military and
defense needs required new concepts in weapon
systems built upon advances in science and tech-
nology. More recently, the Federal Government
has provided a new impetus to public support of
research and development in space exp%)oration.
As a result, Federal Government expenditures for
research and development increased from $1.6 bil-
lion in 1950 to an estimated $15 billion in 1965.

A second impetus to this country’s growing tech-
nological orientation also emerged from World
War II, the result of the realization by business
and industry that new and profitable competitive
advantages could be gained from technology
through the development of new products, proc-
esses, and services. One outstanding example of
the potential of technological innovation is the
television industry which, while virtually non-
existent prior to World War II, in the subsequent
920 years contributed more than $16 billion to our
economic output. Another new industry that has
emerged from technology is electronic data proc-

essing, Since the basic discovery in this field was
made 20 years ago, the industry has grown rap-
idly to where its output was $1.4 billion in 1964.
The net result of the growing awareness of busi-
ness and industry in the competitive advantages of
technological innovation is an increase in indus-
trial expenditures for research and development
from $1.2 billion in 1950 to an estimated $5.5 bil-
lion in 1965.

This combination of public and private invest-
ment in technological advancemzit has created a
vast reservoir of scientific and technical knowledge
which has fostered new industrial and consumer
products, new business organizations, and entire
new industries. It has also generally become an
important factor in the continued growth of our
industrial economy. However, the impact of tech-
nology is not limited only to business and industry.
Technological innovations are creating new job
opportunities, making obsolete existing skills, and
creating demands for new skills; they are affecting
what we eat, what we buy, how we spend our lei-
sure time, and even what we teach our children.
In total, they are affecting virtually every facet of
our way of life.

Technological discovery and development are
likely to accelerate in the future as public and pri-
vate investment in research and development con-
tinues to incvease. Further impetus to technolog-
ical change 1, provided as business organizations
establish long-range planning groups whose pri-
mary function is to identify innovations in embry-
onic stages. Their objective is to channel company
funds and efforts into the most promising areas
to exploit the competitive advantages of mnova-
tions more rapidly and effectively.

Despite the fact that technological advancement
and the rate at which technology is changing in-
creasingly affects our economy and way of life,
very little factual information is available on the
process and factors influencing the rate of change.
Yet it is important that we know more about these
factors because they often result in significant
social and economic changes, some of which may be
less than desirable for certain individuals, business
organizations, communities, and even entire geo-
graphical areas. The objective of this study is to
investigate the entire process of technological dis-
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covery, development, and diffusion, and to answer
the following questions:

How much time is required to translate a major tech-
nological innovation from the laboratory stage to the
point where it becomes a commercial product or
process?

What period of time is required for a major tech-
nological innovation to attain a level where it can
be sz;id to have a significant economic and social im-
pact

Have these time intervals been decreasing in recent
years,? and are these changes of particular signifi-
cance

‘What is the impact of the Federal Government’s ex-
penditures on research and development for military
and defense programs?

What other external factors appear to influence the
rate of development and diffusion of technology?

To provide these answers, this study investi-
gated 21 major technological innovations intro-
duced during the last 60 to 70 years that have had
a_significant social and economic impact. The
chronology of discovery and development of each
of these innovations was established and compared
to determine what changes have occurred in the
rate of technological development during the last
60 to 70 years and to determine what effects such
factors as Giovernment research and development
expenditures have on this rate of development.
Similarly, the economic growth (measured in rela-
tion to gross national product) of each of these in-
novations was determined and compared to eval-
vate the changes that have occurred in the rate
of diffusion of technology. A more complete de-
scription of the methodology and criteria used in
these determinations is contained in section 4 of
this report.

The report presents the basic methodology used
in this investigation, the results of the ana ysis of
the rate of development and diffusion, and the
conclusions that were derived from this analysis.
The appendix presents a brief history of the dis-
covery, development, and economic growth of each
of these technological innovations, including the
basic data that were used in the analysis.

2. Summary

Technology is only one of many interrelated
forces that continually act upon our economy and
society. However, in comparison to most of these
forces, technology has a more dynamic nature and
changes resulting from it generally occur at a
rapid rate. That the television industry could
attain a level of output in excess of $1 billion and
become an intimate part of the lives of our popu-
lation within a period of 5 years provides a dra-

ma,ltic illustration of technology’s dynamic poten-
tial.

During the last 20 years, the rapid increase in
Federal Government expenditures for research
and development in the defense and space pro-
%rams has combined with the growing interest

business and industry in technology as a source
of competitive advantage to increase further the
role of technology as an agent of change. New
scientific and technical knowledge has already re-
sulted in the development of thousands of new in-
dustrial and consumer products, fostered the astab-
lishment and growth of hundreds of new business
organizations, created entire new industries, and
generally contributed substantially to the overall
growth of our economy. This new knowledge has
resulted in the creation of new job opportunities
and the elimination of others; it has created de-
mands for new skills and made others obsolete; it
has affected what we eat, what we buy, how we
spend our leisure, what we teach our children—
li}.}f total, it has affected every facet of our way of
ife.

In the past, the natural forces within our econ-
omy and society have been left to accommodate to
technological changes. However, growing public
and private investment in research and develop-
ment have so rapidly increased our scientific and
technical resources that there is growing concern
regarding the ability of natura] forces to continue
to cope with the resulting changes. Yet very little
factual information is availa%le concerning the
rate of technological change and factors that in-
fluence it.

Economists have for some years been attemptin
to measure the rate of technological change an
its impact on our economy and society. But be-
cause their measurements have been primarily con-
cerned with the overall economic effects of tech-
nology, they provide veiy little insight into the
rate at which technological changes occur in in-
dividual segments of our economy. From past
experience, it is evident that the rate of tech-
nological change varies considerably from one in-
dustry to another; certainly, it hasbeen far greater
in the electronics and chemical industries than in
the furniture and food industries.

The rate of technological change is the product
of two independent factors—the rate at which in-
novations are introduced into the economy, and the
rate at which each diffuses through the economy,
bringing about changes. Unfortunately, there is
no reliable method by which these rates can be
measured directly, just as there is none to measure
the economic impact of technology. Three indirect
methods have been used to measure changes in the
rate at which innovations are being introduced into
the economy—expenditures for research and de-
velopment, the number of scientists in research
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and development, and the number of patents is-
sued. These measures indicate that—

total expenditures for research and development in-
creased slightly more than 300 percent in the last 10
years, from $5.7 billion in 1954 to an estimated $17.4
billion in 1963 ;

the number of scientists and engineers engaged in re-
search and development in industry increased slightly
more than 200 percent in that same period, from
164,000 in 1954 to an estimated 839,400 in 1963;

the number of patents issued increased from 379,000
in the 5-year period from 1951 to 1955, to 457,000 in
the period from 1960 to 1964.

Even with the limitations of these indicators, it
can be concluded with a reasonable degree of cer-
tainty that the rate at which technological inno-
vations are being introduced into our economy
has increased significantly during the last 10 yeaxs.
However, this increase is cause for concern only if
the ability of our economy to accommodate to the
impact of changes is overwhelmed.

The rate at which technology is diffused through
our economy is the more critical aspect of the

uestion of acceleration in the rate of technological
change. Its importance lies in its indication of
the amount of time available for our economy and
society to react to technological changes.

The results of this study indicate that every ste
in the process of technological development an
diffusion has accelerated during this period. More
specifically :

the average lapsed time between initial discovery of
a new technological innovation and the recognition
of its commercial potential decreased from 30 years
for technological innovations introduced during the
early part of this century (1880-1919), to 16 years
for innovations introduced during the post-World War
I period, and to 9 years for the post-World War II
period ;

the time required to translate & basic technical dis-
covery into a commereial product or process decreased
from 7 to 5 years during the 60- to 70-year time period
investigated ;

the rate of diffusion (as measured by economic
growth) for technological innovations introduced dur-
ing the post-World War II period was approximately
twice that for post-World War I innovations, and
four times the rate for innovations introduced during
the eaxly part of this century.

These investigations also indicate that the rate
of development and diffusion is:

nearly twice as fast for technological innovations
with consumer applications as for those with indus-
trial applications;

somewhat faster for innovations developed with Fed-
eral Government funding than for those developed by
private industry, but not as much as might be ex-
pected ;
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somewhat faster for inrovations introdnced into an
existing industry as compared to those that required
the creation of an entire new industry.

This study has provided an insight essential to
the establishment of a national policy regarding
the effects of technological change. Tt demon-
strated that the rate of ﬁevelopment and diffusion
of technology is indeed accelerating, but that the
lapsed time required for commercial development
and diffusion is such that an “early warning sys-
tem” to identify potentially important technolog-
ical innovations in early stages of research and
development is not necessary. It can be stated
with reasonable confidence that those technologi-
cal innovations which will have a significant im-
pact on our economy and society during the next
5 years have already been introduced as com-
mercial products, and those technological inno-
vations that will have a significant social and
economic impact during the 1970-75 period are
now in a readily identifiable state of commercial
development.

Therefore, the problem oi coping with tech-
nological change is not one of anticipating tech-
nological innovations far in advance of their
commercial development; it is, rather, in ade-
quately identifying the direct snd indirect im-
pact of innovations now in existence. Thus the
Federal Government should emulate private
business and industry’s efforts to anticipate the
effects of new technological developments. Clora-
panies have learned that insight into the direct
and indirect effects of technology cannot be gained
on a part-time basis and simply by obtaining a
consensus of opinion. All too often, individuals
within a field are unaware of outside developments
that will have an important impact on their in-
dustry, and outsiders who have no perspective by
which to gage the practical difficulties often make
totally unrealistic estimates of the rate of tech-
nological change. Thersfore, business and indus-
try have discovered that accurate interpretation
and forecasting of technological change require
unique capabilities and an organization that de-
votes full time to these activities. The Fnoderal
Government also needs such a staff organization
to monitor and analyze the impact of technology.
Furthermore, efforts should not be limited to fore-
casting effects on the labor force but should also
be concerned with the indirect effects of technology
on such areas as trans)ortation policy, utility regu-
lation, education and training programs, anti-
trust activities, and other fields o’rP Federal, State,
and local government concern.

Study findings also provide a crude but useful
tool for monitoring technological innovations, For
example, the rate of diffusion for a major tech-
nological innovation with consumer applications
in existing industry, such as television and civilizn
jet aircraft, can be expected to be very rapid and
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should be monitored very closely. On the other
hand, a major technological innovation that will
foster the creation of a new ares of industrial
activity (e.g., the laser) can be expected to have
& relatively slow rate of diffusion and therefore
would not have to be monitored as carefully.
Similariy, other factors, such as the souxrce of de-
velopment funds, could be incorporated into any
assessment of the rate of development and diffusion
to determine tho changes that will accompany a
given technological innovation and the extent to
which it will need to be monitored.

3, Understanding the Process of Technological
Innovation

The traditional “Horatio Alger” of tech-
nological innovation is a young man who, while
working late one night in a homemade laboratory
in his basement, accidentally makes a major new
discovery that is quickly adopted by industry.
Part of this story, with some variations, has
happened in life a number of times in the past
(e.g., Bell with the telephone, Morse with the
telegraph, and Goodyear with rubber), and prob-
ably is happening today, although to a much
lesser extent than during the 19th and early part
of this century. However, the portion deaiing
with the commercial development and exploitation

of a new discovery is largely a myth in our modern
industrial society.

Although it is possible for a technologicai in-
novation to be discovered by an individual and
achieve widespread apglication by word-of-mouth

or by a technique that does not involve a deliberate
investment of capital for commercial develop-
ment and exploitation, the rate at which it is
diffused would be so slow that the ¢nsving changes
would not be a matter of concern. In our modern
society, o major technological innovation is char-
acteristically introduced by a company or group
of companies which recognize the potential com-
mercial application of a terhnological innovation
(diccovered by themselves or others) and invest
considerable effort and ‘unds in developing it com-
mercially and exploiting its applications. This
type of success story car be found in the history of
such innovations as synthetic fibers, radio and
television, electronic computers, and frozen foods.
It is of particular concern because changes result-
ing from this type of technoiogical innovation can
occur sn quickly that natural economic and social
forces may nnt be able to react and adjust effec-
tively, thereby creating problenis in our sociely.

In order to anticipate, identify, and cope with
the problems created by technology, it is necessary
to know more about the process of technological
innovation, the factors that influence the rate at
which innovations diffuse into our economy, and
the methods by which this diffusion can be meas-
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ured. This section is concerned with providing
some insight and understanding into these
problewms.

The Ecoioimics of Technological Innovation.
While a new technollogical innovztion may be dis-
covered without the expenditure of funds, its con-
version into a product and its commercial exploi-
tation invariably requires such ex%'-enditures. The
amount is determined by the technical difficulties
that arise during commercial development, capital
investment requirements for plant and facilities,
and costs in developing applications. For exam-
ple, Du Pont estimates that it invested $2 million
on research and development of the first synthetic
fiber (Nylon) but because of the complexity of
its synthetic leather product (Corfam), it took
$25 million to develop this new product. Because
the willingness of companies and private indi-
viduals to invest in technology has an important
effect on the rate of development and diffusion, it
is iraportant to know something about the eco-
nomics of development and diffusion.

Fundamentally, most technological innovations
ave introduced into our industrial and consumer
economy because of the very pature of our ifree
enterprise system. They provide an opportunity
for competitive advantage in the form of increased
sales of existing products, lower production costs,
or new or better products and/or services, all of
which eventually (2nd hopefully) translate into
increase-i profits. Therefore, the greater the po-
tential profit from a technologicaf innovation 1a
relationship to the amount of investment, t e more
willing and anxious a company is to jnvest in it.
This 1s one apparent reason why technological
innovations in consumer anplications have a faster
rate of diffusion than those in industrial applica-
tions—potential profits are usually much greater
in the consumer field because of the size of the
market,

Ancthor factor enterig into the econcmic equa-
tion for technologiral innovation is the clement
of risk. Since there is usually a degree of uncer-
tainty both iix the technical aspects of commereial
development and the profit potsntial of commer-
cial exploitation, the invester in a technological
innovation must oalance this risk against the total
amourt of funds invested and the expected return
cn investment. The extent of the risk can be re-
duced tv some eatent by decreasing the rate at
which the investment is made. This lengthens the
time period for commercial development and de-
creases the rate of diffusion, but it also provides
a greater time perspective in which the merits
of the investraent can be evaluated.

Still another way for a company or even an en-
tire industry to veduce the risk of investiug in &
new technological innovation is to have the Fed-
eral Government assume all or a part of the risk,
This condition is found in most technological in-
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novations initially intended for military and de-
fense applications. The Federal Government can
assume risk by financing research and develop-
ment, underwriting the market, subsidizing pro-
duction costs, and even financing the construction
of manufacturing facilities. The Federal Goyv-
ernment has, in fact, played a significant role in
reducing the risk of Investing in a number of im-
portant technological innovations in the last few
ears, and therefore is becoming more important
in determining the rate of development and diffu-
sion ¢f technology.
The problem ogfy assessing the economic potential
of technological innovation has become such an
important consideration in business and industry
that many com%anies are .establishm% separate
gfrroups within their organization with the sole
unction of evaluating capital investment require-
n.ents, profit potential, and inherent risks involved
in tecimological innovations. If these corporate
and product planning groups are successful in do-
ing a better Job, the effect should be to accelerate
the rate of development and diffusion of technol-
ogy and decrease the number of technological in-
novations (particularly unsuccessful ones) intro-
duced each year.

The Measurement of Technological Inmovation.
Technology is one of the major forces that con-
tinually act and interact upon our economy. Some
of these forces, particularly social and economic
ones, tend to occur slowly and on such a broad
seale that they are difficult to control. Technologi-
cal changes are usually more dynamic because they
tend to occur at a much faster rate and are, to some
extent, controllable by the amount of funds in-
vested in their exploitation. The television indus-
try’s ability to attain a level of output of $1 billion
in a period of 5 years is certainly an excellent ex-
ample of the dynamic nature of technological in-
novation.
Because of this dynamism, economists for some
ears now have been attempting to measure the
impact of technological innovation on our society.
To a larege extent, these attempts have been un-
successful because the effects of technologg cannot
be measured in economic terms directly, but must
be imputed from other economic measurements.
One economist, Edward Denison,' has measured
the contribution of technology to the growth of
our economy by starting with changes in the real
gross national product during the last 50 years and
subtracting the changes caused by other economic
factors—hours of labor, capital investment, work-
ing population, and others, with the remainder
representing the contribution of technology. An-
other more widely known method of measuring an

1%dward F. Denison, Source of Hconomio Growth in the
fg’g;ed States, Committee for Economic Development, New York,
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aspect of the impact of technology on our economy
uses changes in the productivity of labor.?

One difficulty of these and other methods lies in
their concern with the overall effect of technologi-
cal innovation on the economy. Yet past experi-
ence shows that the effects of technological change
vary considerably from industry to industry. Cer-
tainly, the contribution of technology to the

owth of the elecironics and chemical Industries

as been far greater than the furniture and food
industries. Because the problems created by tech-
nological innovations are much more acute when
the changes occur in a few years rather than over
a generation or two, overall measures of the im-
pact of technology do not truly reflect the magni-
tude of the problems that can arise from techno-
logical innovation.

Another major problem in measuring techno-
logical change is the difficulty in distinguishing be-
tween the two basic components that together de-
termine the change—the number of technelogical
innovations introduced, and their rate of diffusion.
As with overall technoiogical changes, no reliable
techniques by which these factors can be measurcd
directly exist. Attempts have been made to meas-
ure changes in the quantity of technological inno-
vations Itroduced by such indirect factors as
changes in research and development expenditures
the number of patents issued, or the number o
scientists “nd engineers engaged in research and
developi ~t activities. However, it is highly
doubtful if any of these measures accurately re-
flect the true changes in the number of technologi-
cal innovations introduced each year, and cert;aix%ll
they do not Iirovide any indication if more signig
icant technological innovations are being intro-
duced now than in the past.

The rate of development and diffusion of tech-
nologilixs a factor determining the overall effect
of technological change is the primary concern of
this investigation. This rate is critical because it
determines whether sufficient time is available for
natural forces within ~ir economy and society to
adjust to changes ac: mapanying innovations. If
this rate is accelera.ing so that the adjustment
period is too short, then methods for anticipating
the impact of technological changes and instituting
corrective measures may have to be developed.

4. The Rate of Development and Diffusion of
Technology

Technological innovation appears to be a basic
characteristic of our society. During the last 25
years, the U.S. Patent Office has issued more than
1 miflion patents, ranging in complexity from

lastic zippers to the contnuous casting of steel.
ven these patent statistics understate the amount

2 Prends in Output Per Man-Hour in_the Privats Hoonomy,
Bureau of Labor Statistics. Washington, D.C.
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of technological innovation in this country because
many innovations, particularly in the field of
manufacturing processes, are not patented, either
because they involve new applications of existing
technology and are not patentable or because the
patent application itself would reveal proprietary
information that would be of considerable value to
others. Some of these innovations have been suc-
cessfully exploited as new commercial products,
processes, or services; others are successful only in
the eyes of the inventor.

Periodically throughout history, some tech-
nological innovationsghave been developed which
have a very significant social and economic im-
pact. They create a major new industry, displace
or make obsolescent existing products, provide an
important new medium of communication, or even
alter the way we live. Such technological innova-
tions as the steam engine, line-casting machine,
telephone and telegra ?1, electric light, and inter-
nal-combustion engine fall into this category, as do
such more recent Innovations as radio and televi-
sion, the airplane, synthetic resins, the vacuum
tube, the automobile, and synthetic fibers. Some
recent technological innovations which appear to
meet this criterion include electronic computers,
semiconductors and integrated circuits, synthetic
leather, numerical control, and atomic power
generation.

Selection of Inmovations. The diverse nature of
technological innovation created a basic problem
in this study concerning the selection of innova-
tions to be investigated. Because of the Commis-
sion’s concern with the impact of technological
change, this investigation was limited to innova-
tions that have caused significant changes in our
economy and society. Thus, technological innova-
tions were chosen that have created, or are ex-
pected to create, entire new industries, displaced
existing products and processes, changed training
and skill requirements of workers, or made an
important contribution to society.

nother more practical reason for restricting
this investigation to major technological innova-
tions was the method employed to measure the rate
of diffusion of technology. Since this measure-
ment was based on economic growth, it was neces-
sary to select innovations of such magnitude and
importance that reasonably reliable economic data
were available throughout the entire history of
the innovations, a requirement which imposed a
further restriction on the selection. Because ade-
quate detailed economic data are virtually un-
available prior to the start of this century, selection
had to be confined to technological innovations
that were introduced into our economy during the
last 60 to 70 years.

A preliminary investigation indicated that three
other factors might also have an important influ-
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ence on the rate of development and diffusion of
technological innovations, and therefore should be
considered in selection. These factors are:

1. The type of market application. It is rea-
sonable to expect that substantial differences exist
between the rate of development and diffusion for
innovations with consumer applications and those
with industrial or commercial applications. In-
dustrial innovations normally have demonstrable
economic advantages (e.g., lower costs, better qual-
ity, or increased sales) which considerably influ-
ence the rate at which industry will adopt new
technology—the greater the incentive, the more
rapidly it will be introduced. For innovations
with consumer applications, economic considera-
tions are seldom important, except to the extent
that costs limit the size of the market. The rate
of introduction generally depends upon the crea-
tion of a consumer demand and acceptance. On
the other hand, most consumer markets are so
much larger than industrial markets that major
new consumer innovations are likely to have a
much ereater economic and social impact than
those with industrial applications.

9. The source of development funds. In recent
years a number of major technological innovations
have resulted from research and development ef-
forts funded by the Federal Government for mili-
tary and space programs. For example, semicon-
ductors, numerical control, electronic computers,
and nuclear power generation, as well as a host cf
other less significant innovations, owe their devel-
opment to Federal support. In contrast, the entire
development and market exploitation of such tech-
nological innovations as synthetic fibers and syn-
thetic leather were completely under the control
of one company. Between these two extremes lie
varying combinations of public and private par-
ticipations in funding technological development.

One other important aspect of the source of de-
velopment funding is its effect on the rate of
diffusion of a new technology. Most innovations
developed by private companies have a proprie-
tary status protected by our patent system, where-
as innovations developed under Government
funding are often made freely available to any
interested company without licensing or royalty
payments. The availability of patent protection
would seem to be an incentive for a company to
develop new technological innovations, but this
would also probably retard the rate of diffusion
since the number of companies, and, therefore,
the amount of funds expended on commercial ex-
ploitation, would be limited. A primary reason
for the very rapid growth of the semiconductor
field was the availability of basic patents. Be-
cause the source of development funding appeared
to be significant in considering the rate of de-
velopment and diffusion of technology, an attempt
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was made to reflect this factor in the selection of
innovations to be studied.

3. Intraindustry innovations. In reviewing a
list of major technological innovations introduced
into various industries during the last 60 to 70
years, it was evident that certain fields have ex-
perienced more than one major innovation during
the period. For example, vacuum tubes, semi-
conductors, and integrateé. circuits were 1intro-
duced into electronic circuitry over a span of 40
rears, and each has had or will have an important
impact on the electronics industry. Similarly,
frozen foods and freeze-dried foods are important
developments in food processing introduced dur-
ing this period, as are antibiotics and vitamins in
the drug field. By selecting several intraindustry
innovations, it was felt that some of the problems
of comparing innovations from one field to an-
other could be reduced, and perhaps a etter meas-
ure of changes in the rate of development and
diffusion of technology could be obtained.

It would have been desirable to select a large
number of technological innovations in each cate-
gory to provide sufficient opportunity to investi-
gate independently the influence of each factor
on the rate of development and diffusion of tech-
nology. However, the requirement for detailed
economic data severely restricted the number of
innovations that could be analyzed. Exhibit 1
lists the 20 technological innovations finally se-
lected along with some important characteristics
of each—date of commercial introduction, current
level of output, nature of market application,
primary source of development funds, and the
type of innovation. Although 21 technological
innovations were initially selected for investiga-
tion in this study (see the appendix to this re}iort) ,
one of these innovations, magnesium, was excluded
from this analysis because it was felt that magne-
sium’s history of development and economic
growth (due to direct competition from alumi-

num) was inconsistent with that of the 20 other
innovations.

Although selection was made on the basis of
the rather arbitrary criteria discussed above, the
list appears to include most of the technological
innovations that have had a major impact on our
economy and society during this century. The
selection also provides a reasonable balance be-
tween other factors influencing the rate of de-
velopment and diffusion of technology. However,
because of the limited number of innovations in-
volved, these factors are intermixed to such an
extent that considerable judgment had to be used
in assessing the importance of each.

Measuring the Rate of Development and Diffu-
sion. Perhaps the most difficult problem in this
entire undertaking was the establishment of a
yardstick to measure the rate of development
and diffusion for such diverse technological in-
novations as electronic computers, frozen foods,
synthetic fibers, and nuclear power generation.
The most obvious yardstick is “time,” which re-
quires the definition of certain critical reference
gomts within the entire process of technological
evelopment and diffusion in order that lapsed
time can be measured and compared in a reason-
ably objective manner.
fter examining the chronology of discovery,
development, and diffusion for a number of tech-
nological innovations, four steps in the process
were identified:

1. Basic research and investigation. The period
of basic research and investifation can best be de-
fined as the time when knowledge is generated for
knowledge’s sake. In most instances, the begin-
ning of this period, when the original idea occurs,
is impossible to ascertain for it may be traced as
far back as Greek mythology (the airplane) or
early science fiction (television). Therefore, no
attempt was made to measure this period other

Exmieir 1. CHARACTERISTICS OF TECHNOLOGICAL INNOVATIONS STUDIED IN THIS INVESTIGATION

Date of Current Type of market Primary impetus
Technological innovation commercial outfut application T'ype of innovation 10 development
introduction | (millions)
AlUMINUM . oo eee e emcmemme i cmmmmmmmmm e mmmmmmm——— 1892 31,211 | Industrial. ... __.. Primary...eeooeooceaen Industry.
Motor vehicle transportation. — . . -cocoommam el 1895 317,955 | CONSUMELemm o coveocfonnma (s 10 Do.
Synthetiec resinS. o eo oo cemcemo oo oo 1910 32,310 | Industriale o oeoeeeoafena- Q0ueeececccmmccana Do.
Alr transportation eammoo oo —ecccee e mmeee e ————— 1011 119,131 | CONSUMET.eeemeonnnn|anunn i 1 Government.
Electronie vacuum tubes 1920 5 688 | Consumer/industrial...|..... i () SN Industry.
Radio broadcasting e oo om e e oo 1922 11,042 | CONSUMATeenccnemnccncfocann 4 ) Y Do.
Frozen J0008 cammmmmecnenmammmmmcmccammammmmm e mmmmme 1926 24,381 |.... i {1 O Secondary.eemooeove-n- Do,
Vitaming . - o emcceemcememmmmmmmmnmmmmmmeanns 1937 101 |..... o —— Primary.cecees  _eae Do.
Synthetic ADErS. - e e cmmammmmmmmmm—————a——eme————ome-- 1939 11,730 |..-.. L1 {0 . Secondarya.ceeeeeanaa- Do.
Synthetie rubber . o me e e ean 1940 2807 |--eue (1 11 SO M (s 1 I Qovernment.
Antiblotles mcememm e e e ————— 1940 1470 |-cue- L1 {0 S Primary.cecccemccaa-- Industry.
Telovision broadeasting- - - - oo omoee e 1945 12,688 |-.... Ao Secondaryneemencmune-- Do.
AN U . e o e em e e mmm e —— e ————— 1950 121 | Industrial__.. I R U Qovernment.
Electronic cOMPULErS. vm o e coccecccmmm e ccccememmmame—- 1950 21,400 |..-.- 1 ) S Primary. e cemeeee o Do,
BomiconAUetorS.a. oo e e cd oo 1961 3650 |...-- 1 [ S Secondary--eeeemm---- Do,
Numerieal Control oo oo oo 1955 184 ... (s {0 S R [+ Do,
Nuclear power generation. . oo ocammmmmmcmmmcmcem e 1957 364 | CONSUMETacecncceacca]ennnn 4 () S Do,
Freeze-dried 10008 oo meccmamcem oo aaae 1961 134 ... [+ 0 U (4 v O Do,
Integrated clreuitSe . oL mmmmmemmee——— 1961 252 | Industrial. oo oea.- do
Synthetic leather. oo 1964 Unknown | Consumer. S PN [ Y Industry.

11063 data. 21964 data.
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than to note some of the more outstanding funda-
mental research and experimentation that pre-
ceded the discovery of each innovation.

2. Incubation period. The incubation period
begins when technical feasibility of an innovation
is established, and ends when 1ts commercial po-
tential becomes evident and efforts are made to
convert it into a commercial product or process.
The existence of an incubation period is in direct
conflict with the widely held concept that a basic
technological discovery is immediately followed
by a hectic period of development as individuals
and companies rush to convert the innovation into
a commercial product or process. Although this
has happened with several recent innovations
(e.g., semiconductors and lasers), the investiga-
tions indicated that this is the exception rather
than the rule. For most innovations, a period of
time lapses (sometimes quite long), when very
little progress is made or even attempted to con-
vert the discovery into a commercial product or
process.

There appears to be no single reason for this
incubation period; rather, it results from tech-
nical, economic, and/or market factors which in-
fluence the assessment of the commercial potential
of an innovation. For example:

Radio was originally viewed as an adjunct to the
telephone and telegraph as a medium of private com-
munication; its potential role as a medium of mass
communication through broadcasting was not recog-
nized until several years after it was in use com-
mercially for private communication purposes.

The process for manufacturing synthetic rubber was
available for more than 20 years before commercial
development was started. The commercial poten-
tial of the process did not become evident until tech-
nical advances had been made in the production of
required raw materials,

Frozen foods had to await the creation of an eco-
nomic climate in which the consumer was willing to
pay & premium for the convenience of these foods.

The commercial potential of the vacuum tube did not
become evident for 8 years after its initial discovery,
until research on the nature of electron flow in a
high vacuum was successful.

The incubation period could be of particular im-
gortance to changes in the rate of development and
iffusion of technology because the period could
be shortened significantly in the future by indus-
try’s long-range and product planning activities.
8. Commercial development. Commercial de-
velopment begins with the establishment or recog-
nition of the commercial potential of a technologi-
cal innovation. It is normally characterized by a
decision to undertake development to resolve the
remaining technical and economic obstacles to
commercial applications of an innovation. This
may be undertaken by a company, the Federal

Government, or even a private individual, but it
is always a directed effort to reach a reasonably
well-defined commercial objective. In addition,
this period includes the time and effort required
to develop the required production processes and
equipment. The commercial development period
ends when the innovation is introduced as a com-
mercial product or process.

4. Commercial growth (diffusion). The diffu-
sion of technological innovations into consumer
and industrial applications is a complex process
of vital interest to this study since it determines
the rate at which the changes brought about by
technology will affect our economy. The commer-
cial %rowth cycle followed by innovations typically
involves an interplay of technical and economic
factors—new applications increase production
b¥ lowering costs, and thereby enlarging the scope
of applications. 2Eventua,lly, the original innova-
tion is displaced by newer innovations or by eco-
nomie and social changes.

Because the process of diffusion is a continual
grogression of events that is almost impossible to

efine chronologically, it was necessary to use eco-
nomic growth as a measure of the rate of diffu-
sion. While economic growth may not be the most
ideal measure, since it is admittedly an indirect
indicator, it does provide a common denominator
by which the rate of diffusion of one technological
innovations can be compared with another. Fur-
thermore, economic measures of the diffusion of
innovations have a very close relationship with
one important aspect of technological change—
the impact on the Il)a,bor force.

If the economics of technological innovations
are traced through their production process—raw
materials used, electrical power, gas, and other
utilities required, and other factors contributing
to production—the total output of these innova-
tions at some point in the process is eventuall
translated into wages or return on invested capital.
Since wages, either direct or indirect, probably
comprise the largest proportion of the total, an
innovation’s economic growth probably provides
a reasonably good measure of its overall effect on
the labor force.

A basic drawback to the use of economic criteria
as a measure of the rate of diffusion is their limited
scope. Although economic data are available for
such direct measures as value of manufacturers’
output and revenues from services (for example,
airline revenues), similar data for activities in-
directly connected with the innovation generally
are not available in the detail necessary. For ex-
ample, in this investigation, the output of the
radio and television industries was measured by
combining the value of output for radio and tele-
vision set manufacturing with revenues from radio
and television broadcasting. However, this does
not take into account the economic contribution of
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television and radio in supporting retail appliance
stores and service shops. Similarly, the measure-
ment of output of the electronic computer industry
does not in(Sude the value of services supplied by
data processing service centers scattered through-
out the country and the value of business forms
consumed by these computers. Because of this de-
ficiency, economic measures used probably repre-
sent only 25 to 50 percent of the true contribution
of these innovations to our economy.

The method employed to measure the rate of
diffusion involved the establishment of a series of
economic benchmarks, with the lapsed time re-
quired for innovations to attain each benchmark
determined and compared. Two different sets of
benchmarks were used—one, a relative economic
measure, based on percent of gross national prod-
uct (i.e., 0.02, 0.05, 0.10, 0.15, 0.25, 0.50 percent,
etc.) and the other, an absolute economic measure,
based on the dollar value of output (i.e., $50 mil-
lion, $100 million, $250 million, $500 million, etc.)
converted to constant dollars based on the 1957-
59 Index of Wholesale Prices.

Of these, the percent of GNP is probably the
more valid method of measuring the rate of dif-
fusion over the entire period under investigation
since one of the primary considerations in this
investigation is the effect of technological change
on employment opportunities. Thus, the GNP-
based measurement more accurately reflects this
contribution, since average weekly earnings have

rown nearly as rapidly ‘during the period under
investigation as gross national product. (GNP
in 1920 was 16 percent of 1963 GNP, whereas 1920
average weekly earnings were 26 percent of those
in 1963.) Therefore, a technological innovation
that attained a level of output of 0.25 percent in
1925 contributed roughly as many new employ-
ment opportunities as another innovation that at-
tained a similar level in 1963. Absolute levels of
output are not as reliable a measure of the rate of
diffusion throughout the entire period under in-
vestigation. However, it is much easier to apply
than the GNP-based measurement and coulg be
used as a reasonably good indicator over a limited
time span.

The method employed to measure the rate of
development and diffusion of technology in this
study 1s relatively crude and unsophisticated. A
number of more sophisticated methods, particu-
larly to measure economic growth, could be uti-
lized; for example, mathematical curve analysis
and compounded rate of growth. However, after
examining both the data and the chronology of
the selected innovations, the inescapable conclu-
sion is that the inaccuracies and assumptions in-
herent in this type of investigation simply could
not justify the use of more precise measurement
techniques. The effects of three wars (World
War I, World War II, and the Korean war) and
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the defense and space programs are so complex
that sophisticated measurement techniques simply
were not warranted.

The Rate of Development of Technology. As in-
dicated above, two distinct steps occur in the
process of technological development after the
technical feasibility of an innovation has been
established :

1. A period ensues when little or nothing of a
concrete nature occurs because although technical
feasibility has been established, a number of miss-
ing elements must be supplied before the com-
mercial potential becomes evident.

2. Once the commercial potential has been rec-
ognized, a period of commercial development en-
sues when a directed effort is made to convert the
basic technology into a technically and economi-
cally feasible product or process.

Exhibit 2 shows the incubation period and com-
merical development period for each of the tech-
nological innovations studied and the date when
commercial development work was initiated. As
the chart indicates, there is a large variation, par-
ticularly in the incubation period. For example,
frozen foods had an incubation period of 74 years,
whereas the incubation period for integrated cir-
cuits was only 2 years. A similar variation exists
for the commercial development period, ranging
from 14 years for titanium and synthetic leather
to only 1 year for antibiotics. For these 20 innova-
tions, the average incubation period was 19 years,
and for commercial development, 7 years. These
averages are not particularly important to this
investigation except that they emphasize that the
time required for a major technical discovery to

Exuisir 2. RaTE oF DEVELOPMENT FOR SELECTED
TECHNOLOGICAL INNOVATIONS

Lapsed time (years)
Start of

Technological innovation commer- | Incuba. | Commer-| Total de.

cial de- tion cial velop-

velop- | period |develop-| ment

ment ment

AluminUma e e e e 1886 31 (] 37
Motor vehicle transportation..... 1801 23 4 2%
Alr transportation.eeeecamemau-. 1903 6 8 14
Synthetic resing. . camaccacnan- 1007 49 3 52
Radio broadeasting . ceaecauaaauns 1013 17 9 2
Electronie vacuum tubes.....---- 1014 7 6 13
Frozen f00dSueocccacncncancaanaa 1016 74 9 83
Vitaming.auanceemcamcccmccaccna-- 1926 13 11 24
Synthetic rubber.... caecaamaaaas 1029 20 11 31
Television broadeasting.euoem--..- 1933 22 12 34
Synthetic fibers, 1936 6 3 9
Titanium... 1936 26 14 40
AntibioticSemeeamecamcamccccanmaas 1939 11 1 12
Electronic computers.. .cecaaaaa- 1044 156 6 2
SemiconductorSeenaacccacccceaaa- 1048 7 3 10
Numerical controlaaceeeaaa__. 1048 18 7 25
Synthetic leather. e oooeaao_. 1950 12 14 26
uclear power generation..a.-.-- 1954 11 3 14
Freeze-dricd 100USeeavaacacccaaoaa 1055 4 6 10
Integrated elrenitS.cenccacammnan- 1958 2 3 5
AVOrage.ceneccunccumacmcomn|asunaannan 19 7 26
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be converted into a useful commercial product or
process (an average of 26 years) is far longer
than generally recognized. .

To assess changes in the rate of technological de-
velopment during the last 60 to 70 years, the in-
novations were grouped into three periods, based
on the point in time when commercial development
work was started. Periods selected were:

Early 20th century (1890-1919) ;

Post-World War I (1920-44);

Post-World War IT (1945-64).
Bach period encompasses a time of substantial
growth in this country’s economy. Furthermore,
the post-World War I and II periods are some-
what similar in that during both, wartime tech-
nology was rapidly reoriented to consumer and in-
dustrial applications, resulting in a number of
significant innovations. Considering the difficulty
of matching individual economic characteristics,
the three time periods provide a reasonably ac-
curate basis for comparison.

The results of this analysis are shown in exhibit
3. As this chart indicates, the overall lapsed time
for technological development has declined dur-
ing the last 60 to 70 years, from a mean of 37 years
in the early 20th century period, to 24 years dur-
ing the post-World War I period, to 14 years dur-
ing the post-World War II period. Surprisingly,
the primary reduction in the overall period is the
result of a decrease in the incubation period rather
than in the commercial development period. The
incubation period declined from 30 to 9 years dur-
ing the last 60 to 70 years, whereas the commercial
development period only declined from 7 to 5
years. The results suggest that the acceleration in
the rate of technological development can pri-
marily be attributed to the increasing sophistica-
tion and activities of business and industry in
identifying potential commercial applications of
technology. The decrease in the incubation period
can be expected to continue in the future as busi-
ness and industry devote more of their efforts to
product and corporate planning directed at the
problem.

The relatively small change in the commercial
development period suggests that perhaps engi-
neers and scientists have always been reasonably
adept at converting a technological discovery to a
commercial product or process once the direction
and objectivy of these efforts were determined.
However, as exhibit 2 indicates, several innova-
tions were converted into commercial products in
3 years or less, and three of these innovations, semi-
conductors, nuclear power generation, and inte-
grated circuits, were among the most recent. It is
therefore reasonable to expect that the rate of com-
mercial development can be increased to some ex-
tent if sufficient funds are allocated. With the
continuing increase of expenditures by the Federal
Government and private industry for research and
development, the lapsed time for commercial
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development can be expected to decrease further
in the future. However, considering that a certain
amount of inertia exists in the area of commercial
development, it is urdikely that any dramatic re-
ductions will be made during the nezt 5 to 10 years.

Other factors that could be expected to influence
the rate of technological development are ai
summarized in exhibit 3. This analysis suggests
some interesting Eatterns concerning the effects of
these factors on the incubation period. For exam-
ple, innovations with industrial applications have
an incubation period approximately twice that of
those with consumer applications; and innovations
developed with private industry funds also have
an incubation peri d approximately twice that of
those funded by the Federal Government. How-
ever, no significant difference was found in the
incubation period between innovations developed
in existing (secondary) industries and new (pri-
mary) industries.

Despite their rather substantial effect on the in-
cubation period, none of these factors were shown
by this study to have had a significant influence
on the commercial development period. Logic
would tend to suggest that the rate of commercial
development for innovations sponsored by the Fed-
eral Government would be much faster than for
those financed by private industry, and that indus-
trial innovations would have a faster rate of com-
mercial development than consumer innovations.
But no such pattern was evident from the analysis.
Similarly, very little difference existed between the
commercial development periods for primary and
secondary type innovations.

The Rate of Diffusion of Technology. As indi-
cated above, the rate of technological diffusion was
determined by measuring the lapsed time required
to attain levels between two established sets of
economic benchmarks: one based on percent of
gross national product which provides a measure
of the relative impact on our total economy; and

ExmisiT 3. SUMMARY OF THE INFLUENCE OF VARIOUS
Facrors oN THE RATE oF TECENOLOGICAL DEVELOP-
MENT

Mean lapsed time (Years)
Factors influencing the rate of
technological development Incuba. | Commer- | Total de-
tion period | cial devel- | velopment
opment

Different time periods:

Early 20th century (1890-1019).__. 30 7 37

Post-World War I (1920-44)...-.... 16 8 24

Post-World War IT (1945-64)...... 9 5 14
Type of market application:

L010) 11311, 1) S 13 7 20

Industrial ... 28 ] 34
Source of development funds:

Private Industry.oee ouoaccaaooo. 24 7 31

Federal Government.....oooo.... 12 7 19
Type of innovation:

Primary.. e 19 6 25

Secondary. oo cecacccanan - 18 8 26
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the other, an absolute measure, based on fixed levels
of output. The lapsed time required by each of
the 20 innovations under investigation to reach
the various relative and absolute economic levels
is shown in exhibits 4 and 5.

The analysis of the changes in the rate of diffu-
sion of technclogy during the last 60 to 70 years is
similar to that made on changes in the rate of
technological development, except that innova-
tions were allocated to the three time periods based
on the date of commercial introduction rather than
the start of commercial development. The time
periods remained the same—1890-1919, 1920-44,
and 1945-64.

Exhibit 6, which shows the results of this analy-
sis, provides an interesting insight into changes
that have occurred in the rate of diffusion of tech-
nology during the last 60 to 70 years. It is evi-
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dent that the rate of diffusion has definitely
accelerated during this period, but that the acceler-
ation has taken two different forms. The first is
revealed by comparing the lapsed time to reach
each economic level for innovations introduced
during the first part of the 20th century and
during the post-World War I period. At each
economic benchmark, the rate of diffusion for the
more recent innovations was two to three times
that of earlier innovations.

The second is revealed by comparing innovations
introduced during the post-World War I and post-
World War IT periods. Although the rate of dif-
fusion was almost identical during the early stages
of economic growth (i.e, 0.02 and 0.05 percent of
GNP), the time require¢ for post-World War I
technoiogical innovations to reach the higher eco-
nomic levels was considerably longer than for post-

ExuisiT 4. Rate oF Bconomic GRowrH FOR SELECTED TECHNOLOGICAL INNOVATIONS MEASURED IN RELATION
To Gross NATIONAL PRODUCT

Dato of Lapsed time (years) required to reach economic levels
ate 0
Technological innovation commercial
introduction 0.02 0.06 0.10 0.16 0.20 0.26 0.50 0.75 1.0
percent | percent | percent | percent | percent | percent | percent | percent percent

GNP GNP GNP N GNP
Aluminum.. oo cemeees 1802 14 23 60 62 a7 - R (R R [
Motor vehicle transportation. -cccccamemmcamaa. 1894 b 7 9 10 11 13 15 17 20
Synthetic resinS oo —oeocceccaamcmmcemmmnnna- 1910 <25 29 31 36 37 41 p-X1i 3 I [
Alr transportation. oo oo 1011 8 17 25 26 264 28 29 30 304
Electronic vacuum tubes. ..o cceaemanna- 1920 6 8 23 23 >3- S [N [P P R
Radio broadcasting 1922 1 2 3 4 6 7 22 p-3- 2 R,
Frozen 10048 ceamcecmcaccaaas 1925 9 12 15 21 26 27 31 38 40
VitaminSe-ceeeomccccmcommameee 1937 6 -3 T I RO FVIUI N —— N PN (I
Synthetic Abers - . oo oo 1039 2 6 13 15 22 26 -1 3% R M,
Synthetic rubber. oo 1040 2 2 3 4 -3 S S PRIt (SN R ——
Antiblotles. oo c e meme——emaaa 1940 6 b 10 - S I SV S MU M "
Television broadeasting. - ccccccmcccccccmmmaa . 1045 2 2+4- 34 4 4 44 6 19 >19
THANIUM - e e e emmccccccccccccmmemmm—mm—————— 1950 ) -3 /SR [RSESRRN SR SRR (IR [SSSPUR SO A,
Electronic computers 1050 6 8 11 13 14 >3 U N (SSSS IESUU O
Semiconductors. .ceea--- 1951 6 7 9 -3 & T (S PRI PP (VSR P
Numerieal control....... 1956 9 -3 I OSSR SR JNUPUI ORI ISR Mo R ——
Nuclear power generation. oo ccmemmmmmmmeaaae 1057 -3 (i (R VSN (EVIRIRII NSO (S PN M i ———
Freeze-dried {0008 uaunmacemcccmcccmcrmemm—mem- 1961 -3 3 PN OSSN (EVSVEPIUIRN SOOI PO SR NP SR
Integrated cireuits. —oeooamme oo 1961 -5 78 TSNSV SUSOUOR IR PSRN FEPRNVRPUPIPUPION) (SSIPRpUetpRUvin? FPSPUUPupRpeyuptvn (MFSNESUUUtors PSS
Syntheticleather. e oo cemeeeeemmaeeeea 1964 -5 B (ISR RSN PSPPI (RO ORI PRSIt U PSS

Exuisrr 5. Rate oF Economic GRowTH FOR SELECTED TECHNOLOGICAL INNOVATIONS MEASURED BY ABsoLUTE LEVELS

oFr OuTpuUT
Dateof Lapsed time (years) required to reach economic levels
ate o
Technological innovation commercial
introduction $50 $100 $250 $500 $750 $1,000 $1,500 $2,000
million | million | million | million | million million | million | miltion

AluminUm. e cmccememwmm—emm——ae—m—cme————— 1892 23 24 53 63 68 70 ST2 Jeoccrmmana
Motor vehicle transportation. - oo oo cemmmememmeea 1805 8 10 12 15 16 17 20 28
Synthetic resins. .came—ceaeocccemmmmmeme———am e ——maanaa- 1010 26 29 31 36 41 43 40 52
Alr transportation. . .o cceeccccm oo mccmmmcmmmememm——————— 1911 10 11 20 21 22 23 23+ 24
Radio broadeasting. - v eoemmccmamc e ccmm e 1922 2 3 4 7 8 21 >42  |acocmaaaa
Electronic vacuum tubes 1020 7 8 22 23 35 -7 2 N I DO
Frozen {004S. o emcamemacaana 1025 10 12 16 25 26 27 29 31
Vitamins. vooomomoec e 1037 6 6 -3 3 [N R E - -
Synthetic Abers. oo oo oo e 1039 2 3 11 14 19 22 24 >26
Synthetic rubber. o e oo mmmaeee 1040 2= 24 3 11 22 >4 | —

ANtibIotieS. oo e oo cmccemmc e mmmm———————— 1940 4 ] 10 -3 S (R ISR S F——
Television broadeasting oo e cmoo oo cememmem e 1946 2 24 3 3+ 4 44 8 15
L [N N L0 ¢ 1950 4 >3 U T (R ORI S FRPSRpae) FUU U S
Electronic computers 1950 6 6 8 11 13 14 >4 |oa
SemiconductorS..ooeoce——- 1651 3 4 7 9 14 >3 2 N I P,
Numerical control-..._.-- 1955 6 10 -3 (1} ISR (ESUURN RPEMP S A
Nuclear power generation. oo - e-eeemeeemmmmmmmcmmemeoo 1957 6 -3 (R PRI NSRSV VRPN FSPN FURUSPUurtyin [ —
Freeze-dried f00dS. caewmaaemamamccmcecmmennmmmnamnen—————- 1961 4 -2 S0 PN, FEPEPUPICUORRVIPH) FPUPUPURururuvt (EVEPIORURIS) PRUSQUIS S
Integrated clreuits. oo oooo oo eeeee 1961 3 -3 J RN AR (EPREPRRREIRNS) (SUISPU RS OSSR [
Syntheticleather o .o oo 1964 -5 NN I NN (VRS PSSR IS PRSI SRIS S
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ExgiBiT 6. SUMMARY OF THE INFLUENCE OF VARIOUS
FACTORS ON THE RATE OF TECHNOLOGICAL DIFFUSION

Mean lapsed time (years)

Factors influencing the rate of diffusion
of technology 0.02 ¢ 0.05 ¢ 0.10 ¢ 0.20% ¢

reent | percent | pereent | pereen
p(‘.'J:HZ*JP p(%HZ‘JP pGN P p&N P

Different time periods:
Early 20th century (1890-1919).._....

9 18 29 35

Post-World War I (192044)..ceee---- 4 6 11 18

Post-World War IT &1945-64) ......... 5 6 8 9
Type of market application:

Consumer.... .- 4 7 10 16

Industrialeseecccoccemaneans 8 16 25 29
Source of dovelopment funds:

Private industry.-ccceecacancaanaaaas 6 10 15 25

Federal Government...eaeeeacaacaa-. ] 8 12 20
Type of innovation:

Primary.. 6 13 20 2

Secondary.-. 6 6 9 17

World War II innovations—18 years as against 9
to reach 0.20 percent of GNP. There is further
evidence that our post-World War II economy is
able to ingest technology at a faster rate: post-
World War II innovations required only 4 years
to grow from 0.02 percent to 0.20 percent of GNP,
whereas post-Worlg ‘War I innovations required 14
years, or, more than three times aslong. However,
two other considerations must be introduced into
any evaluation of these findings:

1. Innovations introduced during the post-
World War I period were primaril¥ 1n consumer
applications, which, subsequent analysis revealed,
tend to have a faster rate of economic growth than
the industrial innovations which characterized the
post-World War II period. .

2. Since post-World War II innovations that
reached the higher economic levels were those with
the fastest rate of growth, it is quite possible that
an analysis such as this undertaken in another 10
years would show innovations with slower growth
rates reaching the higher economic levels. Thus,
the average length of time required to attain these
levels would be increased.

Although it is impossible to ascertain the exact
magnitude of the bias these two factors introduce
into these findings, they act in opposite directions
and perhaps offset each other to some extent.

Despite these mitigating factors, the conclusion
that the rate of diffusion of technology has acceler-
ated substantially during the last 60 to 70 years
is quite evident. Furthermore, this rate has in-
creased not only in the early stages of commercial
growth, but apparently it accelerates as the extent
of diffusion increases. The net result is that the
lapsed time required for technology to produce
widespread effects on our economy and society has
decreased significantly during this century—per-
haps by a factor of four or more.

Findings shown in exhibit 6 provide an indi-
cation of the role of such factors as the nature of
the apflication, source of development funds, and
type of innovation on the rate of diffusion of tech-

nology. Of these three, the type of market appli-
cation appears to be of parficular importance,
since consumer innovations had a rate of com-
mercial growth approximately twice that of indus-
trial innovations—4 years as against 8 to reach a
level of 0.02 percent of GNP, and 16 years as
against 29 to reach 0.20 percent of GNF. Appar-
ently, the market for consumer innovations is so
much larger than industrial market applications
that their potential economic impact and rate of
economic growth is greater.

The anzﬁysis of the rate of diffusion between in-
novations financed by public and private develop-
ment funds provides an indication of the effects of
the Federal Government’s defense and space pro-
grams. Only a small variation was indicated be-
tween the two groups of innovations during the
early stages of economic growth, but at the higher
economic levels, the rate of growth is greater for
innovations whose development was financed by
the Federal Government. For example, it re-
quired 20 years for private industry financed
innovations to grow from 0.02 percent to 0.20 per-
cent of GNP, whereas Federal Government fi-
nanced innovations required only 14 years to attain
the same levels.

Freedom from patent restrictions may be a
factor accounting for the faster overall rate of
diffusion of federally supported developments.
Innovations financed by private industry often
are accompanied by a certain degree of patent pro-
tection for the sponsoring individual or company.
This patent protection restricts other companies’
access to the innovation and provides the patent
owner with certain exclusive rights to exploit its
commercial application. Thus, commercial ex-
ploitation of such innovations would likely involve
a single firm. In contrast, most technological in-
novations developed with Federal Government
funds are free of patent restrictions, and, as a re-
sult, commercial exploitation of such an innova-
tion might be undertaken simultaneously by a
number of firms. YWhen more companies compete
in a new area of technology, total investment is
normally higher and the rate of economic growth
isalso probably greater.

A comparison of innovations introduced into
existing industries (secondary innovations) with
those that required the creation of an entire new
industry (primary innovations) revealed a pattern
similar to that found between publicly and pri-
vately financed innovations. The time required
to attain the lower levels of economic growth was
approximately equal—6 years for primary innova-
tions to reach a level of 0.02 percent of GNP as
against 5 years for secondary. However, second-
ary innovations reached a level of 0.10 percent of
GNP in 9 years as compared to 20 years for pri-
mary innovations to reach the same level. These
data appear to indicate that the overall rate of
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economic growth for secondary innovations is ap
proximately twice that of primary innovations.

Thus, the rate of development and diffusion of
technology appears to have accelerated substan-
tially since the early part of this century, and even
since the post-Wor d%Var I period. For example,
innovations introduced during the early part of
the century required an average lapsed time of 36
years from the start of commercial development
for output to equal 0.10 percent of the gross na-
tional product_ (approximately $625 million at
1964 economic levels). Post-World War I inno-
vations required 19 years to attain the same eco-
nomic level, and post-World War II innovations
only 18 years. Furthermore, such factors as the
source of development funding, type of applica-
tion, and industry structure into which the inno-
vation is introduced have been demonstrated to
have an important effect on the rate of develop-
ment and diffusion of technology.

5. Conclusions

The Commission’s principal interest in the rate
of development and diffusion of technology can
be summarized by two questions:

1. Is the rate of development and diffusion of
technology accelerating as a result of rapidly in-
creasing research and development expenditures
by private industry and the Federal Government ?

9. If this rate of development and diffusion 1s
accelerating, are the changes caused by technology
occurring at such a rapid pace that natural forces
within our economy and society cannot cope with
them?

The 20 major innovations examined and ana-
lyzed in this study are only a small sample of the
hundreds and thousands of technological innova-
tions that have been introduced in our economy
in recent years and, therefore, there are acknowl-
edged limitations on the extent to which these con-
clusions can be generalized to encompass the entire
field of technology. Nevertheless, the results of
this investigation have provided some answers to
these questions. As noted in section 4, the rate of
development and diffusion for technological inno-
vations introduced during the post-World War
II period (1945-64) was twice the rate for those
introduced during the post-World War I period
(1920-44) , and three times the rate for innovations
introduced during the early part of the century
(1890-1919). Furthermore, the lapsed time be-
tween a basic technica] discovery and the recogni-
tion by business and industry of the commercial
potential of such a discovery has also declined,
from 30 years for innovations in the early part of
this century to 9 for those introduced during the
post-World War IT period. Therefore, it is quite
evident that the rate of development and diffusion
of technology is increasing, and that there is no

logical reason to expect this is not to continue to in-
crease during the next 5 to 10 years.

Furthermore, although the rate of development
and diffusion is increasing, the lapsed time from
basic technical discovery to the point where signifi-
cant social and economic problems become evident
is still relatively long. For technological innova-
tions introduced during the post-World War II
period, an average period of 9 years ensued from
the basic technical discovery before busines. n-
dustry, or the Federal Government recognized che
commercial potential of the discovery: An addi-
tional 5 years were required to convert the basic
discovery into a commercial product or process,
and 5 more years passed before a level of output
equal to 0.02 percent of GNP was reached. There-
fore, an average lapsed time of 19 years from basic
discovery and 10 years from start of commercial
development was required for a technological in-
novation to reach an economic level where about
6,000 to 8,000 jobs would be directly affected. To
reach an economic level where significant social
and economic effects would probably become evi-
dent (perhaps at a level equal to 0.10 percent of
GNP) an average additional 3 years was required.

From these data, it is apparent that the present
rate of development and diffusion of technology
does not re(}uire the institution of an “early warn-
ing system” to identify potential major technolog-
ical innovations in their early stages of researc
and development. Almost without exception,
those technological innovations that will have a
significant 1mpact on our econom and society
during the next 5 years have alreagy been intro-
duced as commercial products or processes: Those
that will have a significant impact during the
1970-75 period are already at least in a readily
identifiable stage of commercial development.

The real problem in dealing with the effects of
changes on our society and economy caused by the
introduction of new technological innovations is
not the anticipation of technical discoveries far in
advance of their commercial development, but
rather, of adequately identifying an assessing
the total changes that a given tec ological inno-
vation will produce. Most of the direct effects
on employment and industrf structures are some-
what obvious and not difficult to predict ; however,
the indirect effects of technology are often equally
important but not nearly as evident. For exam-
ple, the direct effect of the introduction of the
oxygen steelmaking process into the steel industry
will be to reduce employment in & segment of steel
mill operations and to lo\ .r production costs.
One of the indirect effects will be to change the
source of energy for this portion of the steelmak-
ing process from fuel oil to electrical power,
thereby eliminating several million gallons of fuel
oil presently consumed each year by the steel in-
dustry.
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The Federal Government should emulate pri-
vate industry’s efforts to assess the direct and in-
direct effects of technological innovation. To
compete effectively, companies are finding it in-
creasingly important to anticipate changes.
Furthermore, they have learned that this fore-
casting is not a part-time job and that they cannot

ain an adequate insight into these chanﬁles simpl

%y obtaining a consensus of opinion. All too of-
ten, individuals within a field are unaware of out-
side develo;ﬁments that will have an important
impact on their operations, and outsiders, having
no perspective to gage the practical difficulties in-
volved in applying a new technology, often make
totally unrealistic estimates of the rate of tech-
nological change. Thus, as business and industry
have already discovered, the accurate interpreta-
tion and forecasting of technological change re-
quire an organization with unique capabilities
which devotes full time to these activities. The
Federal Government also needs this type of staff
organization to monitor and analyze the impact
of technology. Furthermore, rather than limit-
ing these efforts to forecasting the impact on the
labor force, such a Federal organization could
provide valuable information applicabls to trans-
portation policy, utility regulation, education and
training requirements, antitrust legislation, and a
host of other Federal, State and local government
activities.

This investigation has also supplied a valueble
tool for monitoring technological innovations, It
provided an insight into the influence of such fac-
tors as the source of development funds, nature of
the application, and type of innovation on the rate
of development and diffusion of technology, and
indicated that:

technological innovations with consumer applications
are developed and diffused at a rate considerably
faster than that for Iinnovations with industrial
applications;
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innovations introduced into an existing industry are
developed and diffused at a rate faster than that for
innovations requiring the creation of an entire new
industry;

innovations developed with Federal Government
funds have a slightly faster rate of development and
diffusion than those developed with private financing.

These findings provide a crude but useful pri-
ority system that can be used to assess the rate at
which the effects of a new technological innovation
will be felt on our economy. For example, the
rate of diffusion for a major technological innova-
tion with consumer applications introduced into
an existing industry could be very rapid, as the
rapid growth of television and commercial jet
airline transportation has demonstrated. On the
other hand, major techinological innovations with
industrial applications requiring the creation of
a new industry (such as the laser) could be ex-

ected to have a relatively slow rate of diffusion.

n a similar manner, the influence of the source of
development funding can be incorporated into any
assessment of the rate of diffusion of a technologi-
cal innovation.

By using these subjective interpretations in com-
bination with some of the more objective data pre-
sented in this study, a system for assessing the rate
of development and diffusion of technology could
be instituted and applied to technological innova-
tions as they are introduced into our economy.
This system could determine how closely each
should be monitored and how quickly associated
changes are likely to occur. Perhaps the end re-
sult of these efforts might be a complex “forecast-
ing model” of current and anticipated technologi-
cal innovations which would not only indicate the
direct and indirect effects on our economy and so-
ciety, but also project the rate at which changes
will occur. Such a model would certainly be of
considerable help to public and private organiza-
tions in understanding many of tﬁe changes occur-
ring in our economy and in coping with the prob-
lems resulting from these changes.
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A History of Recent Technological Innovations

by Frank Lynn, Thomas Roseberry, and Victor Babich

Just as the study of the history of nations, so- tions, magnesium, was not included in this analy-
cieties, and cultures provide a perspective against  sis,) As the investigation progressed, it became
which present social and political changes can be  painfully evident that the type of detailed histori-
interpreted, so the study of the history of technol-  cal and sconomic data required to gain an insight
ogy provides a basis for assessing the impact of  into the process of technological innovation is diffi-
present and future technological innovations on  cultand time consuming to obtain, particularly for
our economy and society. This investigation of  many of the innovations introduced during the
changes in the rate of development and diffusion  last 20 years. To assist others with similar inter-
of technology entailed a study and analysis of the  estsin the subject, a brief history of the chronology
history of 21 technological snnovations that have  and economic growth of the 21 technological inno-
had a significant social and economic impact dur-  vations that formed the basis of the analysis is pre-
ing the last 60 to 70 years. (One of these innova- sented in this appendix.
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1. Major Technological Innovations in the Field of Electronics

Perhaps this study of major technological inno-
vations in the field of electronic circuitry can hest
be summarized by the comments several years ago
of the vice president of research and development
for a major electronics firm, He said that through
past experiences he had developed a “formula” for
estimating how long it would take for innovations
in the electronics field to pass from laboratory de-
velopment to widespread commercial apiplication.
His formula consisted of estimating how 1ast prog-
ress could be made under the most favorable con-
ditions, and dividing this by a factor of two, since
the rate of technological progress in the electron-
ics field was generalfy twice as fast as anyone con-
sidered possible. Based on the most recent prog-
ress in the field of integrated circuits, perhaps he
will soon be changing the divisor to & factor of
three.

As the foregoing sug :ests, the rate of develop-
ment and diffusion for major technological inno-
vations in the electronics field is quite rapid. This
and other considerations make innovations in the
field of electronic circuitry of particular interest
to this investigation. Two innovations considered
here, vacuum tubes and semiconductors, played a
critical role in the development of a number of
other innovations which have had a profound in-
fluence on our way of life. The vacuum tube made
possible the commercial development of the entire
radio and television broadcasting industry. The
semiconductor was vital in bringing the electronic
computer from a scientific and research tool to
where it is today, an accepted part of most busi-
ness operations. The third innovation, integrated
circuit devices, has not as yet reached a stage of
development whers its impact can readily be as-
sessed, but it could provide us with such new prod-
ucts as wristwatch radios, television sets that hang
on the wall like a painting, and tiny computers to
control automobiles on the highways. Further-
more, integrated circuits have the potential to alter
the entire structure of the electronic industry and
affect the type and number of pecplenow emp oyed
mit,

Although all of these innovations are concerned
with the detection and amplification of electronic
impulses, semiconductors and integrated circuit
devices are not simply further refinements of the
basic vacuum tube. Each of these innovations rep-
resents not only a new field of science and tech-
nology, but also involves new concepts in_circuit
design and technology. A. transistor ordinarily
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cannot be simply substituted for a vacuum tube
nor an integrated circuit device substituted for
several vacuum tubes or transistors. Each inno-
vation is so different in theory and operation that
a circuit designer or engineer working in one of
these fields ordinarily cannot function in either
of the other without retraining. Thus, each of
these innovations—vacuum tubes, semiconductors,
and integrated circuit devices—is a major scientific
and technological achievement in its own right.
Each has made possible the development of other
major new electronic innovations, and each has
created a major new industry with companies
founded on a new technology.

The Vacuum Tube

The vacuum tube is any sealed device that oper-
ates by controlling the flow of free electrons in a
vacuum or gas, and must be ranked as ono of the
most significant technological innovations of the
last 60 t0 70 years. Not only wasit a key element in
the commercial development of wireless communi-
cations and radio and television broadcasting, but
it also became one oi the basic cornerstones of the
entire electronics inqustry. Considering the im-
portance of these industries in our economy and
way of life, the vacuum tube has indeed been an
important technological innovation.

Most of the basic research in the vacuum tube
field was done by individuals such as Edison,
Fleming, and Richaidson, who were concerned
with the basic phenomena of the flow of the elec-
trons from a heated wire in an evacrated container
(see exhibit 1). The primery discovery in this
field was made by De }'orest in 1906, when he in-
vented the first crude vacuum tube by adding a
third element, a control grid, to the two-element
tube previously developefrby Fleming. The full
importance of this discovery was not evident im-
mediately, but emerged slowly during the next 6
years as De Forest and .Armstrong experimented
with the three-element vacuum tuve and demon-
strated the feasibility of using it to detect, amplify,
and generate radio waves.

The primary impetus to commercial application
was provided by Langmuir and Arnold in 1913,
when they developed a high-vacuum tube with the
reliability and long operating life essentizl for use
in commercial wireless transmission and reception.
This discovery marked the transition of vecuum
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Exaiprr 1. CHRONOLOGY OF THE DISCOVERY AND DEVELOP-
MENT OF THE VAcUUM TUBE

Basic Research and Investigation:

1880 : Elster and Geibel exper mented with glass bulbs con-
taining an electrically heated wire and metal plate.

1888 : Pdison discovered that a current flows from the hot
filament of a Mght bulb to a plate inside the bulb
(“Edison Effect”).

1901 : Richardson published a paper outlining the funda-
mental theory of thermionic emission.

1904 : Fleming patented a two-element vacuum tube (diode)
for use as & “wireless valve.”

Incudation Period:

1906: DeForest developed the first crude vacunm tube
(triode) by adding a grid to Fleming’s two-element
tube,

1912 : De Forest and Armstrong demonstrated the feasibility
of using a triode to detect, amplify, and generate radio
waves.

1913 : Langmuir and Arnold developed the figh-vacuum
tube that made possible commercial application of
vacuum tubes.

Oommercial Development:

1914 : American Telephone & Telegraph Co. obte‘ned rights
to DeForest’s triode for radlo transmission and
reception.

1915: The use of vacuum tubes for long-distance radio
transmission &nd reception was demonstrated.

Commercial Growth:

1920: Commercial production of vacuum tubes began.

1920 : A cross-Licensing agreement involving the use of basic
radio and vacuum tube patents was rrached among
A.T. & T., General El-aotric, and RCA,

1921 : Westinghouse also entered into this cross-licensing
agreement.

1928 : Zworykin developed the first clectronic television
transmission tube,

1029 : RCA offered licenses for the manufacture of vacuum
tubes to any reputable companry.

1941 : The development of radar created a new market for
high-power vacuum tubes.

1947 : The emergence of television as a major consumer
product provided an important new market for the
cathode-ray type of vacuum tube.

tube development from a largely individual un-
dertaking to one primarily supported by such ma-
jor companies as General Electric and American
Telephore & Telegraph. These firms continued
to experiment with vacuum tubes in wireless trans-
mission and in 1915 their feasibility for long-dis-
tance radio transmission and reception was suc-
cessfully demonstrated.

'The first commercial production of vacuum
tubes began in 1920, when an event occurred which
undoubtedly contributed substantially to the com-
mercial development of the vacuum tube industry
during the next 10 years. After World War I, the
Federal Government became concerned over the
attempts by the British Marconi Co. to obtain a
dominent patent position in the worldwide use of
vacuum tubes in wireless transmission and recep-
tion. As a result, the U.S. Navy encouraged the
establishment of a new company, Radio Corp. of
America, to acquire and consolidate radio and
vacuum tube patents for use in the United States.

£ter its establishment, RCA negotiated a cross-
licensing agreement with A.T. & T. and General

Electric for the use of basic radio and vacuum
tube patents in this country. The following year,
Westinghouse Corp., also a major company n the
field of wireless communications, was included in
this licensing agreement. . .

Although these agreements did not provide com-
plete free competition in the field of wireless com-
munications (since only the four compamnes had
aceess to these patents), they did establish a more
competitive environment in the industry. Several
years later, in 1929, the licensing agreement was
broadened to make these patents available for li-
censing to any interested company. This agree-
ment stimulated a free exchange of technical
knowledge in the vacuum tube field and removed
any limitations to competition that existed because
of patent restrictions.

Prior to World War II, the economic growth
of the vacuum tube field was closely linked to the
commercial development of the radio broadcasting
industry. During the 10 years from 1940-50, three
major electronic evelopments—radar, microwave
transmission, and television—provided new mar-
kets for highly specialized versions of the basic
vacuum tube. The significance of these new ap-
plications is indicated by the fact that the output
of conventional vacuum tubes reached a peak in
1957 at a level of $384 million, and has declined
since that time until it stood at a level of only
$279 million in 1964. However, output of tele-
vision tubes and high-power vacuum tubes for
these new applications have continued to increase,
and their output presently accounts for more than
60 percent of the total output of the vacuum tube
industry.

Semiconductors

The second major innovation in the field of elec-
tronic circuitry is the semiconductor. To date,
semiconductor devices—transistors, diodes, and
silicon controlled rectifiers—have had their great-
est impact in military and commercial applica-
tions, particularly in the field of electronic data,
processing. Recently, they have begun to have
their effect on consumer product areas with the de-
velopment of transistorized radio and television
sets.

The semiconductor provides an interesting ex-
ample for this investigation because of its 1mpact
on the electronic industry. The development of
the transistor and other semiconductor devices
which followed created a new industry dominated
by such companies as Texas Instruments and Fair-
child Semiconductors, which evolved out of this
new technology, and by companies such as Motor-
ola, which originally were in facets of the electron-
ics industry other than the vacuum tube field. Al-
though many of the major vacuum tube manu-
facturers produce semiconductor devices, they




I1-48 STUDIES: EMPLOYMENT IMPACT OF TECHNOLOGICAL CHANGE

have not dominated the semiconductor industry
desp.te the obvious advantages they had when this
new industry was in its early stages of develop-
ment and growth.

The development of the transistor and other
semiconductors contributed to another significant
change in the electronics industry between 1945
and 1955. Because of the growth 1n size and tech-
nological capability of the industry during World
War II, companies in this field began to look to
research and development as a major source of
new products and competitive advantage. With
this orientation, the electronic industry has be-
come accustomed to investing heavily in research
and development and to risking large sums of
money to exploit innovations that emerge from
this intensified research and development effort.

The discovery and development of semiconduc-
tors has an interesting chronology (see exhibit
2). Early research efforts date back to the 1900’s,
when semiconductor devices were investigated as
a means of amplifying radio signals; however,
these efforts were abandoned when the develop-

Bxamit 2. CHRONOLOGY OF THE DISCOVERY AND DEVELOP-
MENT OF SEMICONDUCTOR DEVICES

Basic Research and Investigation:

1885 : Point-contact rectifiers were discovered and used in
commercial applications until they were displaced by
the development of the vacuum tube.

1930 : The development of selenium and cuprous oxide recti-
flers stimulated interest in semiconductor devices.

1931: A good theory of semiconductor phenomena was
published.

Incubation Period:

1941 ; The silicon and germamum diode were developed for
use In rad=r units.

1942 : The selenium rectifier was developed.

1946 : The silicon photocell was developed,

1947 : Bell Laboratories’ research work In solid-state physics
produced a breakthrough in semiconductor technology.

Commercial Development:

1948 : Bardeen and Brattain developed tho point-contact
transistor at Bell Laboratories.

1950 : Shockley published Electrons and Holes in Semicon-
ductors, a book that presented the theory of semi-
conductor devices.

Oommercial Growth:

1951 : Western Electric and Raytheon began commercial
production of point-contact transistors.

1952 : Bell Laboratories held a symposium for companies
interested in obtaining a license to produce transistor
devices.

1954 : Texas Instruments announced development of the
silicon-grown junction transistor.

1955 : The diffusion process for manufacturing transistors
was developed.

1956: The Federal Government's antitrust action against
Western Electrie Co. resultsd in an agreement to make
all of Western Electric’s and Bell Laboratories’ patents
available to any company on a royaliy-free basis.

1956 : The Department of Defense signed contracis with
about a dozen private companies to purchase semi-
conductor devices providing these companies would
build substantlal production facilities for these
devices.

1957 : The Esaki tunnel diode was developed in Japan,

1958 : The parametric amplifier was developed.

ment of the vacuum tube provided an answer to
this problem. More recent research during World
War IT resulted in the development of silicon and
germanium diodes and selenium rectifiers for use
in radar and other military electronic equipment.
These technically are semiconductor devices, but
are limited in their application and did not pro-
vide the basis for the development of the semi-
conductor industry. (In many respects, they were
similar to the special synthetic rubbers developed
in this country during the 1930%.)

The primary discovery in this field came as a
result of research work in solid-state physics con-
ducted at Bell Laboratories after World War II.
In 1948, Bell Laboratories announced the develop-
ment of the point-contact transistor, the funda-
menta] innovation in the semiconductor field. This
discovery was followed 2 years later by the publi-
cation of a book by Shockley which provided a
detailed explanation of the complex theory of
semiconductor devices. From this point, the con-
version of this basic discovery into a commercial
product proceeded very rapidly.

Initial manufacturing of semiconductor devices
began at Western Electric in 1951, and was fol-
lowed soon thereafter by production at Raytheon.
The following year, in 1952, an event critical in
the development of the semiconductor industry
occurred: Bell Laboratories held a meeting at
which they divulged to about 50 interested com-
panies the technical knowledge they had developed
concerning the fabrication and design of semicon-
ductors. As a result, several companies decided to
enter the semiconductor field and obtained licenses
from Bell Laboratories to produce these devices.
During the next few years, technical developments
occurred very rapidly, and included the develop-
ment of new semiconductor devices and manufac-
turing techniques.

The next major impetus to the development and
growth of the industry occurred in 1956 with two
unrelated events that combined to stimulate the
growth of this industry further. The first was the
antitrust action instituted by the Federal Govern-
ment against the Western Electric Co. As a result
of this suit, an arrangement was reached with
Western Electric and Bell Laboratories to make
all their basic patents in the semiconductor field
available to any interested company on a royalty-
free basis. This provided an almost free intercom-
pany exchange of information on semiconductor
technology, particularly in manufacturing aspects.

The second event was a decision by the Depart-
ment of Defense to channel $20 million into the
semiconductor field during a 8-year period to en-
large the industry’s production capabilities. The
Dnfense Department contracted with 12 companies
to produce a limited number of transistors for mili-
tary and defense applications on the condition that
they build production facilities capable of manu-
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facturing 10 to 12 times the number of semicon-
ductor devices. By this action, the Federal Gov-
ernment created a semicon(iuctor production
capacity of about 1 million units a year; since
production yields were very low, these contracts
actually resulted in the creation of a potential
semiconductor production capacity of more than
10 miilion units. Considering that total semicon-
ductor output at the time was approximately 14
million units, the Federal Government greatly ac-
celerated the industry's growth Ly providing it
with an incentive to find commercial applications
for the excess capacity created by these Govern-
ment contracts.

By funding most of the research and develop-
ment work in this field and guaranteeing a market
for these devices through purchase contracts, the
Federal Government provided a low-risk invest-
ment which certainly contributed to the Willin%-
ness of companies to enter this new field. Al-
though the total amount of Government research
and gevelopment funding in the field and its total
purchases of devices could not be determined, it is
quite evident that the Federal Government played
a critical role in accelerating the establishment and
growth of the semiconductor industry.

Integrated Circuits

Integrated circuit devices are the most recent
major Innovation in electronic circuitry. In some
respects, integrated circuits are a logical extension
of semiconductors in that both these innovations
utilize the basic atomic structure of materials to
control electronic circuits. However, one funda-
mental difference exists between semiconductors
and integrated circuits that makes the latter a ma-
jor new development in electronic circuit tech-
nology. In conventicnal electronic circuits em-
ploying either vacuum tubes or semiconductors,
discrete electronic components are assembled and
interconnected to form desired circuits, a number
of which are then assembled and interconnected
to form an electronic device. However, by using
integrated circuits, individual components are
eliminated and the circuit becomes the basic build-
ing block to construct electronic equipment.

Integrated circuits also are a further extension
of the trend toward smaller, more reliable, and
lower cost electronic circuitry introduced by semi-
conductor devices. For example, the reliability
of integrated circuits is approximately 100 times
greater than that of circuits made with discrete
components such as vacuum tubes and semicon-
ductors; the compactness is approximately 1,000
times greater than conventional circuitry; and, al-
though the cost of these devices is still generally
quite high, integrated circuits have the potential
to produce entire circuits at a cost lower than that

of a single component in s conventional electronic
circuit.

The extent of the technological achievements in-
volved in the development of integrated circuits is
indicated by the fact that much of the basic theory
behind these devices was unknown; therefore, a
considerable portion of the development work was
accomplished through trial-and-error experi-
mentation. Furthermore, integrated circuit de-
vices required the development of an extremely
complex production technology capable of manu-
facturing under the high-vacuum conditions
found in outer space, determining dimensions to
tolerances measured in light waves, and con-
trolling the impurities in materials to levels meas-
ured in parts per billion.

While the development of integrated circuits
was a major technological advancement in itself,
these devices are even more important becruse of
the impact they could have on the electronics in-
dustry. This mmdustry now is divided into three
categories of companies—those 1nass-producing
stangardized electronic components such as vac-
uum tubes, resistors, and capacitors; those pur-
chasing these components and assembling them
into circuit units or packages; and those purchas-
ing these circuits and assembling them to form
various types of electronic equipment. With inte-
grated circuits, the circuit becomes the basic build-
ing block, with the functions usually performed by
the individual components an integral part of the
%hysical and chemical structure of these devices.

ecause the individual components are no longer
needed, integrated circuits could eventually elimi-
nate a portion of the comporient manufacturing
segment of the electronics industry. Futhermore,
conventional components and circuits are normally
assembled and interconnected manually, but with
integrated circuit devices the production process is
such that it must be completel automatedl.) There-
fore, much of the manual labor now involved in
the production of electronic circuits may be elimi-
nated with the increasing use of integrated
circuits.

Probably the most outstanding feature of inte-
grated circuits as far as this stugy is concerned is
the rate of technological development of this in-
novation. At times, major technological advances
occurred weekly and monthly rather than yearly.
(The chronology of integrated circuit develop-
ment is shown in exhibit 3.)

Initial development work began early in 1959;
by 1961 the first integrated circuits were being
produced for commercial applications, and one
company, Texas Instruments, had developed &
computer employing integrated circuits for the Air
Force.

Since the characteristics of integrated circuit
devices are particularly well suited for military
and aerospace applications, most of the research

cm e e e e —————
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ExuIiBIT 3. CHRONOLOGY OF THE DISCOVERY AND DEVELOP-
MENT OF INTEGRATED CIRCUITS

Basio Rescarch and Investigation:

1916: Dr. Langmuir proposed the first theory of thin-flm
phenomena.

1948: Bell Laboratories announced development of the
transistor.

Incubation Period:

1956 : Varo Corp. instituted a research program to investi-
gate integrated circuits.

1957 : Dr. Brunettl of General Mills and Dr. Stone of Bell
Laboratorles presented papers dealing with the basic
concepts and theories of integrated circuits.

1957 : IBM Initiated research for the Signal Corps on thin-
film circuit concepts.

Commercial Development:

1958: The Diamond Ordnance Fuse Laboratories developed
simple Integrated circuit devices.

1958: The Diamond Ordnance Fuse Laboratories developed
basie fabrication techniques for thin-film circuits.

1958 Varo Corp. received a contract from the Office of
Naval Research to accelerate research on integrated
circuits.

1959 ¢ Texas Instruments announced development of an in-
tegrated circuit device for use in computers.

1959 : The Air Research and Development Command awarded
a major contract to Westinghouse for development
work on integrated circuit uevices.

1959 : Lincoln Laboratories developed the first thin-Slm
computer memory.

1960: Westinghouse revealed the results of its Air Force
contract on integrated circuit development.

1960 : The Air Force awarded Texas Instruments o. contract
to build a computer employing integrated circuits for
military use.

Commercial Growth:

1961: Irairchild Semiconductors introduced the first inte-
grated circult devices for commercial applications.

1961: Texas Instruments produced the first integrated cir-
cult computer for the Air Force.

1962 : The Bureau of Naval Weapons initiated a program to
accelerate the use of integrated circuits in its
equipment,

1963 : Westinghouse announced completion of a $5 million
facility for the production of integrated circuits.

1963: RCA Laboratories announced a major new technique
for producing integrated circuit devices.

1964 : The average price for integrated circuit devices had
dropped from $90/unit in June 1963, to $14/unit by
December 1964.

1984 : The use of integrated circuit devices in nonmilitary
applications, particularly computer., began to in-
crease rapidly.

and develoliment work in this field was financed by
the Federal Government. The efforts of the Air
Force and Navy to accelerate the use of integrated
circuits in their electronic equipment was the pri-
mary impetus behind the rapid rate of progress
in this field. It has been estimated that the Fed-
eral Government spent mors than $100 million on
tegrated circuit research and development. In
addition, virtually all of the initia] integrated cir-
cuit production was for military and aerospace
purposes. Asrecently as January 1964, shipments
to the Air Force, Navy, NASA, and the National
Security Agency accounted for 92 percent of total
integrated circuit shipments.
Although there is considerable commercial in-

terest in integrated circuit devices, particularly in
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the electronic data processing field, commercial ap-
plications for this innovation have not reached a
point where their impact can be predicted. How-
ever, this interest is intensifying as price reduc-
tions have accompanied increased output. For
example, the average price for integrated circuit
devices dropped from $90 per unit in June 1963
to $14 per unit by December 1964, and the unit
price is estimated to decline to $9 by the end of
1965. Judging by the electronic industry’s inter-
est and investment in this field to date, it is safe to
predict that inte%;rated circuits will have a signifi-
cant impact on the industrial and consumer econ-
omy of this country.

Conclusions

A comparison of the economic development of
these three innovations (shown in exhibit 4) pro-
vides an interesting insight into some of the in-
ternal and external factors that influence this rate
of diffusion. As this chart indicates, the economic
development of the vacuum tube industry follows
what might be considered a normal growth curve,
with output increasing slowly during the first few
yeais, then accelerating rapidly as new markets
an:’ applications increase rapidly, finally stabiliz-
ing and then declining as the industry reaches
maturity and new innovations make inroads into
these markets and applications.

In contrast, the ecoromic development of the
semiconductor industry has occurred at a much
more rapid rate, being almost a linear rate of
growth during the first 10 years of its existence.
It required 32 years for the vacuum tube industry
to attain a level of output of $500 million, whereas
the semiconductor industry reached this level in
less than 8 years. The primary reason for this dif-
ference in the rate of commercial development is
that the initial period of gradually increasing
growth in the semiconductor industry was so brief
that it was almost nonexistent. A further com-
parison of differences in the rates of commercial
growth is shown in exhibit 5, which shows the
lapsed time for each of these innovations to reach
the various economic levels used as reference points
in this study.

A comparison of the relative rate of commer-
cial growth shown in this chart indicates that dur-
ing the early stages (up to 0.05 percent of GNP),
the rates of growth for vacuum tubes and semi-
conductors were almost identical. However, be-
yond that point, the rate of commercial growth
for semiconductors was considerably faster, reach-
ing 0.10 percent of GNP in 9 years versus 28 for
vacuum tubes. No doubt the depression of the
1930’s had a substantial retarding effect on the
growth of the vacuum tube industry, but four
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Exuierr 4. THE COMMERCIAL GROWTH OF MAJoR TEOHNOLOGICAL INNOVATIONS IN THE RrecTRONICS FIELD
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ExamBiT 5. A COMPARISON OF THE RATE OF COMMERCIAL
GROWTH FOR TECHNOLOGICAL INNOVATIONS IN THE
F1ELD oF ELEcTRONIC CIRCUITRY

Lapsed time (years)
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Date of commercial introduction...... 1920 1951 1961
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1 Measured 1n constant dollars, 1957-50 index of wholesale prices.

other factors also contributed to the more rapid

rate of growth of the semiconductor industry:
1. The Federal Government created an srtificial

market of substantial proportions for semicon-

L v L J '1¢45' ] L] '1450' L] L] '1 9.55' v L '19%0' v v '19%5

ductor devices to encourage a rapid increase in pro-
duction capacity; in comparison, vacuum tubes
had to await the commercial development of wire-
less transmission and radio hroadcasting to create
a market for this innovation.

2. By 1951, the electronics industry had reached
a point in its economic growth where companies
were firmly established and had the financial re-
sources to invest heavily in this new technology;
whereas in 1920, the electronics industry was in
its infancy and the companies in the field were
small, with limited financial resources to invest.

8. Much of the basic research and develcépment
work on semiconductor devices was funded by
the Federal Government, while most of the re-
search and development work on vacuum tubes
was_undertaken by individuals and private com-

anies.

4, Almost unrestricted access to basic patents
and technical knowledge characterized the semi-
conductor field, whereas patent restrictions placed
some limitations on the availability of technical
knowledge in the early years of the vacuum tube
industry.
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Although it is impossible to assign specific rela-
tive values to the contribution which each of these
factors made to accelerating the economic growth
of the semiconductor industry, it appears that the
first two—the creation of an artificial market
for these devices by the Federal Government and
the ability and willingness of the electronics in-
dustry to invest in new innovations—were the most
significant in accelerating this rate of diffusion.

A comparison of the rate of commercial growth
of integrated circuits with the other two innova-
tiors would have provided an interesting oppor-

tunity to verify that the rate of diffusion of tech-
nology in the electronics industry is increasing.
Unfortunately, integrated -circuits have not
reached a point in their commercial growth where
valid comparisons can be made. However, the
absolute economic meastre of commercial growth
indicates that, at least in the very early stages, the
rate of diffusion for semiconductors and integrated
circuits was about equal. It would be interesting
to update this data in 5 years or so to determine
if there has been any increase in the rate of diffu-
sion during the last 10 to 15 years.




2. Major Technological Innovations in the Field of Synthetic Materials

This portion of the study is concerned with an
investigation of major technological innovations
in the field of synthetic materials. The innova-
tions include synthetic fibers, synthetic rubber,
synthetic leather, and synthetic resins (plastics
other than fibers). In combination, these four in-
novations supply a unique insight into several
different aspects of the process of technological
discovery, development, and diffusion :

1. Since each of these developments evolved
from the chemical industry and had a number of
similar technical and economic characteristics
(e.g., high levels of capital investment in plant
and facilities and complex production technolo-
gies), but occurred in different time periods, they
provide an opportunity to determine if the rate
of technological development and diffusion is ac-
celerating in the chemical industry.

2. Since the development and marketing of syn-
thetic rubber was completely financed and con-
trolled by the Federal Government, whereas the
other developments were privately financed and
controlled, they provide an opportunity to evaluate
the effect of expenditures of public funds on the
rate of technological development and diffusion.

3. They provide an opportunity to compare the
degree to which direct versus generalized research
objectives bear on the rate of technological de-
velopment and diffusion since synthetic resins il-
lustrate the generalized development approach
and the other three were quite specific in
orientation.

Each of these innovations represents a success-
ful effort by the chemical industry to develop and
manufacture a synthetic product to capture a sig-
nificant segment of a large natural materials mar-
ket. A primary incentive to th> development of
each of tﬁese synthetic raw materials was provided
by the wide fluctuations in the quality and price
of the natural materials. However, there is one
primary difference in this regard. The natural
counterparts of synthetic fibers, rubber, and
leather are directly identifiable, whereas synthetic
resins affected a broad spectrum of materials—
wood, paper, glass, rubber, fabrics, and metals.
Despite their similarities, the development of each
of these synthetic materials was influenced by dif-
ferent sets of considerations which are discussed
individually here.

Synthetic Resins (Plastics)

Synthetic resins (Flastics) occupy a unique
niche in the industrial economy of our country in
that they are actually “families” of chemicals
(e.g., polyvinyl chlorides, styrenes, epoxies, poly-
ethylenes, polypropylenes, etc.) which in turn
are composed of various formulations and com-
pounds that have different physical characteristics
and applications. Furthermore, these synthetic
resins can be combined with other materials such
as fiber glass and asbestos to form materials with
unique p%-nysical properties.

Because of these properties, plastics have suc-
cessfully invaded the markets for glass in bottles
and window panes; for wood in toys and TV cabi-
nets; for metal in machine parts, small boats,
and automobile bodies; for paper in packaging;
and in many other consumer and industrial prod-
uct areas. 'Lhe unique properties of many of these
synthetic resins have also created applications such
as high strength adhesives (epoxies) capable of
bonding almost anything to an¥thing, water re-
pellent coating (siliconeé, and lightweight ther-
mal insulation (foamed polystyrene), none of
which had existed previously. Because of the
widely diversified applications of synthetic resins,
this field has grown rapidly during the last 20
years until it now has become a major industry
with an output of $2.4 billion in 1964. There are
three major resin families that account for more
than 60 percent of industry output:

1. Polyvinyl chloride and copolymers. Poly-
vinyl plastics rank third in the synthetic resmn
industry, representing 11.5 percent of total pro-
duction value. Flexible polyvinyl chloride ac-
counts for the bulk of the usage, and includes
soles for shoes, raincoats, and dolls. Although
the resin has historically been lower priced than
polyethylene, PVC has been more difficult to mold
resulting in higher production costs. It has foun
extensive application in product areas that utilize
its properties of abrasion resistance, resistance to
chemical attack, and thsica.l strength in rigid
forms. Rigid forms of PVC, introduced about 10
years ago, are now widely accepted for pressure
piping ap(glications, handling of corrosive liquids,
and buil ing products. Its unique self-extin-
guishing .g?operty may provide a large market
m house siding applications.
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9. Styrenes. The styrene family of plastics ac-
counts for 15 percent of total industry produc-
tion. Styrenes are not only used by themselves
but in such a variety of compounds and formula-
tions that it is impossible to generalize about their
properties and uses. For example, styrene 1s a
component of Buna-S rubber; impact polystyrenes
are commonly used in refrigerator door linings and
luggage; heat resistant polystyrenes in small radio
ca%mets; ABS (acrylonitrile-butadiene-styrene)
in automotive instrument panels and telephone
sets; and foamed polystyrene in picnic jugs, cush-
ioned packaging, and as insulating material in ]pre-
fabricated wall panels for construction applica:
tions. The growing uses of styrene are reflected
by the fact that production of this material in-
creased 22 percent from 1963 to 1964.

8. Polyethylenes. Polyethylene (a2 member of
the polyolefin family) is the newest of the big
three resins, having been introduced commercially
in 1941. If accounted for 2.6 billion pounds and
$468 million of 1964 synthetic resin production,
respectively 26 and 19.5 percent of industry totals.
Because polyethylene can be tailored to obtain de-
sired characteristics, its applications are diverse,
ranging from consumer goods such as blow-molded
bottles to industrial goods like wire and cable
coatings.

The technical history of synthetic resins dates
back to the 1830’s (see exhibit 6) with a number
of important chemical discoveries in this field
bein%lmade during that decade. Most of the re-
search and development work in plastics durin
the subsequent 60 years was concentrated in devel-
oping methods for manufacturing synthetic ver-
sions of natural materials (rayon and celluloid)
using cellulose as the basic raw material. (Since
cellulose is not a basic chemical but rather a chem-
ical compound that is the essential constituent of
wood, these are not true synthetic materials.)

The first synthetic plastic, a phenol-formalde-
hyde resin, was discovered by Baekeland in 1907,
and became commercially available 3 years later,
with 1910 marking the beginning of the plastics
industry. During the next 15 to 20 years, further
technical developments in the field were sporadic,
largely the result of much trial and error in chemi-
cal research.

Both technical and commercial development in-
creased substantially during the 1920s because of
three events:

1. Backeland’s basic patents expired and permit-
ted other companies to enter the field of phenol-
formaldehyde resins.

9. Several new plastics were develeped and in-
troduced, including the alkyd resins, the urea-
formaldehydes, and the polyvinyl chlorides.

3. Basic research was begun on the structure of
complex chemical compounds.
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BExumrr 6. CHRONOLOGY OF THE DISCOVERY AND DEVEL-
OPMENT OF SYNTHETIO RESINS

Basfo Research and Investigation:
1881: The styrene monomer was first isolated.
1833 : Braconnot (and Schoenbein in 1845) made discoveries
relating to preparation of cellulose nitrate.
1834 : Liebig described melamine.
1838: Regnault prepared vinyl resins.
1839 : Simon polymerized styrene.
Inocubation Period:
1855 ; Parkes and Spill prepared various articles from &
golution of cellulose nitrate and camphor.
1865 : Schutzenberger undertook basic research on the prepa-
ration of cellulose acetate.
1868: J. W. Hyatt produced celluloid, the first commereial
plastic.
1868 : Merrick obtained patents on shellac molding com.
positions.
1869 : The Hyatt brothers obtained a patent for making solid
collodion.
1869 : Berthelot prepared synthetic styrene.
1870 : The Albany Dental Plate Co. was organized to pro-
duce and s2ll celluloid.
1871 : 7 . {<2nloid Manufacturing Co. succeeded the Albany
Denic' Pi.te Co. as many unexpected uses for celluloid
de - eqy 21
1872: Baeyer :._srted the formation of resinous products
from the reaction between phenol and aldehydes.
18900 : Kraemer and Spilker did basic work on coumarone-
indene resins.
1901: Rohm did basic work on acrylic resin piastics.
Commercial Development:
1907 ; Baekeland discovered how to control the phenol-alde.
hyde reaction and began to produce a phenol-formalde-
hyde resin, the first thermosetting plastic, on a
laboratory scale.
1909 : Backeland obtained a patent on his discovery.
Oommercial Growth:
1910: The General Baekelite Co. was formed to produce and
market phenol-formaldehyde renins.
1911 : Matthews obtained a patent on preparation of poly-
styrene.
1920: Hanns John obtained a patent on urea-formaldehyde
resins.
19268: With expiration of Baekeland’s basic patents, many
firms began to produce phenol-aldehyde resin.
1928 : Carothers began fundamental studies of the structure
of substances of high molecular weight.
1928: The first commercial vinyl plastics were marketed.
1934 : The injection of molding of plastics was Introduced.
19368 : Acrylic resin sheets (e.g., Plexiglas) were introduced
commercially.
1937 : Polystyrene was introduced commercially.
1941 : Polyethylene was introduced commercially.
1948: Nylon was introduced for molding composition use
after being introduced as a fiber in 1938.
1945 : Tetrafluorethylene polymers (e.g., Teflon} were intro-
duced commercially.

The development of new plastics during the
1920°s stimulated work in fabrication technology
for these materials, with the first injection mold-
ing machines being imported from Germany in
1934. During the next 5 years, further develop-
ments in fabrication techniques produced transfer
molding, flexible membrane molding, jet molding,
and dry extrusion molding. Additional improve-
ments were also made on eurlier fabrication tech-
niques which produced more autometic machine
operation and larger molding capacities. This
fabrication technology has been an important fac-
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tor in the growth of the synthetic resins industry
because it has provided low-cost manufacturing
techniques that have enabled plastics to invade
many markets where costs are a critical factor.

As indicated previously, the field of synthetic
resins includes a large number of different resins.
Only six of these have ever achieved the $100
miilion level of annual outﬁut, and they currently
account for two-thirds of the industry production.
It is interesting to note that those resins intro-
duced earliest took the longest time to reach this
level of output, and those introduced most recently
have reached these levels faster. This phenom-
enon is illustrated in exhibit 7, which indicates
that each of the three largest synthetic resins
has grown more rapidly than its predecessor.

Exmisir 7. COMMERCIAL DEVELOPMENT OF THE THREE
MosT IMPORTANT PLAsTIC RESINS

Lapsed time (ycars) to
Production Year in- | reach level of output
value, 1804 Resin family troduced
(millions) commer-
cially $50 $100 | $280
illion | million | million
$277 | Polyvinyl chloride and 1928 17 21 35
copolymers.
862 | Styrones.-.cceeamacccanan 1937 11 13 2
471 | Polyethylones...ea-emce-- 1041 11 13 17

This suggests that much of the initial industry
development is past and the industry’s research
and development efforts are now focused on specific
objectives rather than hit-or-miss development.
New formulations are increasingly the result of
directed efforts to produce resins with predeter-
mined characteristics. Moreover, the commercial

otential of these new formulations can now be

otter assessed and more vigorously promoted than
in the past. Current development efforts, reflect-
ing this attitude, are directe toward deveiopment
of materials (such as polycarbonates) that have
excellent wear resistance, dimensional stability,
and heat resistance.

As an industry, synthetic resins manufacturers
range widely from large chemical and petroleum
companies to small firms. Competition is intense
with only a limited amount of protection offered
by patents and trade secrets. The variety and ease
with twhich new formulations may be developed
from the basic raw materials probably accounts
for the large number of small companies in the
feld. Another important factor is the relatively
small capital investment required to enter the
formulating portion of this industry.

Synthetic Fibers

Although synthetic natural fibers in the form of
rayon and acetate fibers had been in production
since 1891, these materials are not considered syn-

thetic fibers since they were made from the same
raw material as natural fibers. Nylon, the first
synthetic textile fiber, was a true synthetic mate-
rial since it was compietely synthesized from basic
chemicals.

The basic research, commercial development,
and market development of synthetic fibers was
%erformed by a single organization, the Du Pont

o. The chronology of the discovery and develop-
ment of this innovation is outlined in exhibit 8.
Basic research and investigation in the field began
in 1928 when the Du Pont Co. established a re-
search program to investigate the fundamental
nature of polymers and other complex chemicals.
One result was the accidental discovery of a series
of polymers that could be formed into fiberlike
strands. Basic research was continued and, in
1935, a polymer called “66” glater named Nylon)
was synthesized in Du Pont’s laboratory. oly-
mer 66 exhibited sufficient promise as a synthetic
fiber so that Du Pont accelerated development
work to produce a commercial synthetic fiber.
This effort was successful in the laboratory in 1937,
and Nylon was formally introduced to the ublic
the following year. It is estimated that during
this period Du Pont invested $2 million on the re-
search and development that produced the first
synthetic fiber.

During the first 12 years of the economic
growth and development of synthetic fibers (1939~
51), Du Pont was the only manufacturer of syn-
thetic fibers because it had exclusive control of
product and process patents. During this same
period, Du Pont also introduced two other new
synthetic fibers, Orlon and Dacron, which further
increased the company’s dominance of the syn-
thetic fiber industry. This control was partially
relinquished in 1951 when Chemstrand was

anted a license to manufacture Nylon yarn under

u Pont’s patents, and was comgletely eliminated
when an antitrust suit by the Federal Government
resulted in Du Pont agreeing to license Nylon pat-
ents to all interested companies at reasonable
royalties. Since that time, several companies have
%te{)ed the synthetic fiber field in competition with

u Pont.

Synthetic Rubber

Synthetic rubber is more than another example
of a successful effort on the part of the chemical
industry to displace natural materials with syn-
thetic materials. In addition, & number of aspects
of its discovery and development are unique and
of considerable interest to this investigation. For
example

—Synthetic rubber was technologically feasible many
years before economic and market considerations
warranted the exploitation of this innovation in
the United States.
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™ msIT 8. CHRONOLOGY OF THE DISCOVERY AND DEVELOP-
MENT OF SYNTHETIC I'IBERS

Basio Research and Investigation:

1884 : Chardonnet produced the first commercinl rayon fiber
from nitrocellulose.

1891 : The commercial production of rayon hegan in France.

1911 : Commercial production of rayon began in the United
States.

1928 : Du Pont initiated a basic research program into the
fundamental nature of polymers and other chemical
compounds.

Incubation Period:

1930 : Du Pont research laboratories discovered a polymer
that could be formed into a fiberlike material with
some textile properties.

1931: Dr. Carothers and Dr. Hill presented a paper describ-
ing the results of Du Pont’s research in this field.

1934 : Continued research by Du Pont was successful in pro-
ducing a number of synthetic polymers with sufficient
promise to warrant increased effort in the field of syn-
thetic fibers. .

1935: Polymer 66 (later called Nylon) was synthesized in
the laboratory.

Commereial Development:

1936: A substantial development program was undertaken
to produce a commercial synthetic fiber material from
Polymer G6.

1937 : Nylon was produced in the laboratory in sufficient
quantity to permit experimental manufacture of wom-
en’s hosiery.

1937 : Process development was completed.

1938 : Nylon was officially announced to the public.

1938: A pilot plant for the production of Nylon was com-
pleted and put into operation.

2 ommercial Growth:

1939 : A full-scale plant for producing Nylon was constructed
and production began.

1940 : Nylon hosiery was first introduced to the consumer
market.

1941: A second plant for producing Nylon was placed in
operation.

1948 : A new synthetic acrylic fiber, Orlon, was developed by
Du Pont.

1949 : A new synthetic polyester fiber, Dacron, was developed
by Du Pont.

1950 : Orlon was first marketed commercially.

1951 Chemstrand was licensed to manufacture Nylon yarn
under the Du Pont patents.

1952: An antitrust suit by the Federal Government resulted
in an agreement by Du Pont to license the patents to
all interested companies at reasonable royalties,

1953 : Dacron was introduced commercially.

1953 : American Enka was licensed by Du Pont to manufac-
ture Nylon yarn.

—The primary impetus for the establishment and
growth of the synthetic rubber industry in this
country was not based on normal economie and
market forces but rather on an artificial shortage
of natural rubber created by World War II.

—The eniire synthetic rubber industry in this coun-
try was created, built, and owned by the Federal
Government (from 1940 to 1955) and, for the first
5 years of its existence, most of the output of this
industry was purchased by the Federal Government
for military use.

Synthetic rubber has a long history of scientific
investigation, with most of the basic chemical re-
search being done during the last half of the 19th
century and the first decade of this century (see

exhibit 9). The first commercial process for pro-
ducing synthetic rubber was developed and pat-
ented in 1910. However, there was very little
economic incentive to foster the development of
synthetic rubber because no great market for rub-
ber existed at that time.

The initial impetus to the development of syn-
thetic rubber was provided in Germany during

Examit 9. CHRONOLOGY OF TEE DISCOVERY AND DEVELOP-
MENT OF SYNTHETIC RUBBER

Basic Research and Investigation:

1826 ;: Faraday made the first chemical analysis of natural
rubber.

1860 : Isoprene was isolated as the basic chemical com-
ponent of natural rubber by G. Williams.

1887 : Wallach first produced a crude form of synthetic
rubber in the laboratory.

1908 : A British firm, Strang and Graham, Ltd., undertook
a research program to develop a commercial process
for producing synthetic rubber.

Incubation Period:

1910 : A process for producing synthetic rubber was patented
in England and Germany.

1911 : Two American firms initiated research programs
aimed at the development of a commercial synthetic
rubber.

1915: The British blockade forced Germany to develop
and manufacture a synthetic rubber that was unsat-
isfactory as a replacement for natural ruvbsr,

1922: J. C. Patrick developed a specialized form of syu-
thetic rubber called Thiokol.

1926 : The German Government instituted a program of
synthetic rubber development to make it independent
of natural rubber supplies.

1828: The basic emulsion process for producing synthetic
rubber from butadiene was perfected.

1981 : Du Pont announced development of a new special-
purpose synthetic rubber called Neoprene.

1933: The first truly commercial synthetic rubbers (Buna
S and Buna N) were dJeveloped and patented in
Germany.

Commercial Development:

1934 : Pilot plant production of synthetic rubber began in
Germany.

1939: Standard Ol1 Development Co. obtained rights to
the German patents, initiated pilot plant production
of synthetic rubber in the United States, and an-
nounced construction of a full-scale production plant.

Commercial Growth:

1940 : Standard Ol Co. of New Jersey announced develop-
ment of a butyl synthetic rubber.

1940 : The Federal Government created the Reserve Rubber
Company to manufacture synthetic rubber and coordi-
nate its use for military and commercial purposes.

1941 : The Federal Goveernment authorized construction of
four synthetie rubber plants.

1942 : The Federal Government authorized expansion of
synthetic rubber capacity to 400,000 tons and then
to 800,000 tons.

1946 : The Interagency Committee on Rubber issued a report
outlining a national pelicy concerning the Govern-
ment's ownership of synthetic rubber production fa-
cilities.

1948 : The Rubber Act of 1948 extended the Government’s
ownership of these facilities.

1955 : The Government-owned synthetic rubber plants were
sold to private industry.

1955 : The development of “true” synthetic natural rubbers
(polyisoprene and polybutadiene) was announced.

1965 : Production of these new synthetic natural rubbers
began,
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World War I. The British naval blockade cut
off the German supply of natural rubber and
£orced them to develop synthetic rubber materials.
Although synthetic rubber was actually produced
in Germany during World War I and used for
military purposes, this material was not a com-
mercially acceptable substitute for natural rubber.
After World War I, interest in the development of
o commercial synthetic rubber became dormant
because the growing output of natural rubber re-
duced prices to a level where the roduction of
syilthetic rubber was considered to be uneconomi-
cal.

A second and more significant impetus to the
development of a process for producing synthetic
rubber was provided during the 1930’s by a combi-
nation of two factors:

1. The growth of the automobile industry cre-
ated a rapidly expanding market for natural rub-
ber that caused rubber prices to increase rapidly.

9. The German Government reached a E)lecision
to become self-sufficient in the supply of critical
raw materials (including rubber) that came from
sources outside of its borders.

These two factors again created interest in Ger-
many and the United States in the development
of o commercial synthetic rubber. However, the
German efforts were more successful and, in 1933,
o German chemical firm developed and patented
two synthetic rubbers (Buna N and Buna S) that
could be substituted for natural rubber in most
applications. Pilot plant production of these
synthetic rubbers was begun in Germany in 1934
and in Russia shortly thereafter.

Tnterest in synthetic rubber in the United States
was largely dormant during this eriod, although
two special-purpose synthetic rubbers with limited
commercial applications were developed and put
into production during the 1930’s. The extent of
this country’s lack of interest in synthetic rubber
prior to the start of World War IT is indicated by
the fact that in 1989, 1,750 tons of special-purpose
synthetic rubber were produced in the United
States as compared to a world production of more
than 100,000 tons. Commercial interest in syn-
thetic Tubber in this country did not develop until
1940, when Standard Oil Co. of New Jersey ob-
tained the patent rights to the German processes
for producing synthetic rubber and started con-
struction of facilities for manufacturing these
synthetic rubbers.

Although Standard Oil Co.’s decision to produce
synthetic rubber Wwas made on basic economic and
competitive considerations, the real growth of the
industry resulted from the outbreak of World
War IT in Europe and the subsequent involvement
of the United States in that war. In1940,2 criti-
cal analysis was made of the vulnerability of the
US. supply of natural rubber and the critical
nature of this commodity in the event of a war.
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As a result of this report, the Federal Government
created the Reserve Rubber Co., to manufacture
synthetic rubber and coordinate its sale and use
for military and commercial applications.
Shortly thereafter, the Government authorized
construction of four synthetic rubber and raw ma-
terial plants. The result of these actions by the
Federal Government was to increase synthetic
rubber production from 22,000 tons in 1942 to
932,000 tons in 1943, and to 764,000 tons by 1944.

With the end of World War II and the elimina-
tion of the artificial demand for rubber it created,
production of synthetic rubber declined substan-
tially. During this postwar period, the Federal
Government continued its ownership of the syn-
thetic rubber and raw material plants until a work-
able program of disposing of them could be de-
veloped. Public ownership of the entire synthetic
rubber industry continued until 1955, when the
Federal Government finally sold its synthetic rub-
ber and raw material plants to private com anies.

As a private industry, the s({lnthetic rubber in-
dustry continued to grow rapidly. In the 10-year
period from 1955 to 1964, the output of synthetic
rubber increased almost 50 percent, from nearlX
900,000 tons in 1955 to 1,310,000 tons in 1964.
further stimulus to the continued growth of the
industry occurred in 1955 when two new synthetic
rubbers—polyisoprene and polybutadiene, true
synthetic versions of natural rubber—were devel-
oped. The significance of their development, lies
in the fact that previous synthetic rubbers had to
be blended with & certain amount of natural rub-
ber in order to obtain the desired characteristics
in tires and other large rubber applications; be-
cause of this, the output of synthetic rubber was
limited to about 60 percent of the total consump-
tion of rubber in this country.

With the development of true synthetic rub-
bers, the use of natural rubber in tires and other
major applications can be virtually eliminated.
As a result, the output of synthetic rubber has
increased to where it now accounts for about 75
percent of total rubber consumption. In the
future, as more production plants for producing
these new synthetic rubbers are put in operation,
synthetic rubber is expected to displace natural
rubber in most applications and thereby cause
further expansion of the synthetic rubber industry.

Synthetic Leather

Synthetic leather is the most recent technologi-
cal innovation in the field of synthetic materials
and, in many respects, it is a greater technological
achievement. Because leather, unlike fibers or
rubber, is not a homogeneous material but is com-
posed of a number of separate layers with differ-
ent characteristics, it presented a far more com-

plex problem. In addition, developing synthetic
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leather was not Erimarily a problem of chemical

synthesis, as in the case of the other synthetic ma-
terials, but rather a major chemical engineering
accomplishment that required combining a num-
ber of layers of existing materials in a unique
manufacturing process.

Although synthetic leather is such a recent in-
novation (introduced commercially in 1964) that
the changes it will produce are not evident as yet,
it could have an important impact on the leather
and shoe industries. Because synthetic leather is
a homogeneous product with controlled physical
and chemical properties, it will make possible the
automation o sﬁoe and other leather product
manufacturing. A change in production methods
could have important economic effects on the
present $700 million market for natural leather,
the structure and geographical location of the shoe
industry, and the number and type of workers that
will be employed in that industry.

For the purposes of this investigation, synthetic
leather provides an opportunity to evaluate the
changes that have occurred in the rate of develop-
ment of technological innovations during the last
95 years. Synthetic fibers and synthetic leather
were both developed by the Du Pont Co. with no
outside research or development assistance from
other companies or the Federal Government. Both
of these innovations also penetrated large?rwell-es-
tablished consumer product markets. Ilowever,
since their development occurred 25 years apart,
{':ey provide an interesting opportunity to compare
the rate of development and diffusion for these two
time periods. Unfortunately, the economic growth
and development of synthetic leather has not pro-
gressed to a point where a meaningful comparison
can be made of their rates of diffusion, but it is
possible to contrast their rates of development.

Verr little detailed information is available con-
cerning the chronology of synthetic leather de-
velopment (see exhibit 10) since it is a recent
innovation and occurred completely within the
Du Peat organization. It is known that a basic
research program in synthetic leather was initiated
at Du Pont late in the 1980’ and continued for
some 20 years, with a temporary suspension of this
effort during World War IT. In 1950, the develop-
ment of two new chemical materials, urethane com-
pounds and polyester fibers, made the production
of synthetic leather appear technically feasible,
and Du Pont’s development efforts in this field
were accelerated. The basic chemical problems
dealing with the synthetic leather were resolved by
1958, but the more difficult manufacturing and en-
gineering problems remained. Laboratory pro-
duction of synthetic leather was achieved tke fol-
lowing year, with pilot-plant production initiated
by Du Pont in 1960, followed by construction of a
full-scale production plant 2 years later.
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Exgamrr 10. CHRONOLOUY oF THE DISCOVERY AND DEVELOP-
MENT OF SYNTHETIO LEATHER

Incubation Perfod:

1938 : Research was begun at Du Pont on the basic structure
of leather and methods of producing a synthetic ma-
terfal from chemical products.

1041 : Research was discontinued during World War Il

1945: Synthetic leather research was resumed at Du Pont
but was largely unsuccessful,

Oommercial Development:

1950: The development of urethane compounds and polyester
fibers provided new materials that made synthetic
leather appear technically feasible,

1955 : Du Pont decided to accelerate development work on
synthetic leathers.

1958 : Chemical problems had been resolved but major pro-
ductton engineering problems remained.

1939 : Synthatic leather was produced in the laboratory and
preliminary product testing was started.

1960 ; Pilot-plant production of synthetic leather was started
at Du Pont.

1962 : Du Pont authorized construction of a full-scale pro-
duction plant at O0ld Hickory, Tenn.

Oommercial Growth:

1964 : Du Pont's synthetic leather, Corfam, was first mar-
keted to the shoe industry.

1965 : Du Pont's Old Hickory plant for manufacturing syn-
thetic leather went into production.

The commercial exploitation of Du Pont’s syn-
thetic leather (trademarked ‘Corfam’) provides
an interesting contrast to the widespread com-
mercial exploitation of synthetic rubber. Because
the basic patents and production knowledge were
the exclusive property of Du Pont, the initial
marketing of synthetic leather was closely con-
trolled to maximize the company’s return on its
$925 million investment in the research and develop-
ment of its innovation. To achieve this objective,
Du Pont limited the initial use of synthetic leather
to higher priced shoes. Besides allowing a greater
margin of profit, this strategy i expected to per-
mit synthetic leather to gain consumer scceptance
as a “quality” product that should increase its
marketability in less expensive applications when
Du Pont’s production capability permits the ex-
ploitation of these markets. From Du Pont’s
viewpoint, this tight control on the initial intro-
duction of synthetic leather is very desirable, but
such a marketing strategy will undoubtedly inhibit
the rate of diffusion of this innovation.

Conclusions -

As indicated previously, two_innovations, syn-
thetic fibers and synthetic rubber, provide an
unusual opportunity to examine the effects of
Government funding in accelerating the rate of
technological development and diffusion. Syn-
thetic fibers presents one extreme in that the entire
development and commercial exploitation of syn-
thetic fibers was controlled by the Du Pont organi-
zation. It is estimated that Du Pont invested $15
million in the research and development of their
three synthetic fibers and an estimated $400 mil-
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lion in plant and equipment for producing them
through 1951, when licensing agreements were
signed enabiing other companies to enter the syn-
thetic fiber ﬁelg. The role of the Federal Govern-
ment in the development and diffusion of this
innovation w.s limited to re%uisitioning the entire
output of the synthetic fiber industry during
World War II for wartime uses and filing an
antitrust suit against Du Pont which resulted in
an agreement in 1952 to make the Nylon fiber
patents available to other companies.

On the other hand, the development and com-
mercial exploitation of synthetic rubber presents 2
complete contrast in that the entire indust in
this country was financed and owned by the Fed-
eral Government. Even much of the basic research
and development work was financed by public
funds during World War I and in the 1930’
when the German Government develo&md a com-
mercial synthetic rubber to be independent of nat-
ural rubber supplies.

The extent of the Federal Government’s par-
ticipation in the development of the synthetic
rubber industry in this country was almost unprec-
edented. At the start of World War II in
Europe, this country did not have a synthetic
rubber industry except for two companies that
were producing specialized synthetic rubbers.
‘When the vulnerability of this country’s rubber
su%ply became evident, the Federal Government
undertook a crash program to create a synthetic
rubber industry here. %ruring this war period, the
Federal Government financed research work on
synthetic rubber process and product development,
built the synthetic rubber plants and the plants
for producing the required raw materials, and con-
tracted with grivate companies to operate these
plants. In addition, the Government purchased
virtually all of the output of these plants for mili-
tary use. It is estimated that the Federal Gov-
ernment’s total investment in the synthetic rubber
industry amounted to $40 million for research and
development and $700 million for production
plants and facilities.

There is a remarkable number of similarities
between synthetic fibers and synthetic rubber as
innovations—they both originated as commercial
products at approximately the same time, the in-
vestments in research and development were com-

arable ($15 million for synthetic fibers versus

0 million for synthetic rubber), and the total
capital investment in plant and equipment for the
period through 1955 is almost equal ($750 million
for synthetic fibers and $700 mi.lion for synthetic
rubber). As a result, they provide an insight into
the extent to which the rate of technological de-
velopment and diffusion can be accelerated if the
Federal Government assumes most of the risk in-
volved in investing in an innovation rather than
waiting for private industry to do so. As exhibit

11 indicates, the growth of synthetic fibers follows
what could be considered to be a normal growth
curve—increasing very slowly at first, like that of
the synthetic resin industry, and then gradually
accelerating. On the other hand, the economic
growth of the synthetic rubber ind’ustr_y is almost
unbelievable, increasing from $27 million in 1942
to $156 million in 1943, and to $354 million in
19443, thirteenfold increase in 2 years. A. com-

arison of the time required for each of these
Innovations to attain the various levels of eco-
nomic development is shown in exhibit 12.

Comparison of the grewth of the synthetic fiber
and rubber industries graphically demonstrates
the ¢xtent to which the Federal G}r’overnment can
accelerate the economic growth of innovations by
assuming some or all of the investment risk., ¥or
example, with Government financing, the syn-
thetic rubber industry attained a level of output
of $250 million in less than 3 years, whereas it re-
quired more than 10 years for the synthetic fiber
industry to reach this same level of output under
private financing. Exhibit 12 also demonstrates
the impact which the Federal Government can
have on the rate of diffusion of these innovations
11);1 creating an artificial market for them. The

ederal Government created a guaranteed market
for synthetic rubber during World War II by
allocating most of its output for military use and
limiting the amount of natural rubber that could
be used in consumer applications. The magnitude
of the market subsidy created by the Government’s
wartime requirements is indicated by the fact
that synthetic rubber output dropped 50 percent
between 1945 and 1949 (from 1.90 billion pounds
to 0.95 billion pounds) as this country converted
from a wartime to a peacetime economy.

Undoubtedly, the extremely rapid early rate of
economic growth of the synthetic rubber industry
was more largely a result of the Government’s
creation of an artificial demand for synthetic rub-
ber than from its investment in research and de-
velopment and in production plants and facilities.
Without this artificial market, it is likely that the
Government’s investments in technological devel-
opment and manufacturing cagability would have
had only a limited impact on the economic growth
of the industry. Therefore, probably the most
effective technique available to the Federal Gov-
ernment to accelerate the rate of development and
diffusion of technological innovations is to subsi-
dize the market rather than research and devel-
opment.

A comparison of the rate of commercial devel-
opment of synthetic fibers and synthetic resins also
provides an interesting insight inio the process
of the diffusion of technological innovations. As
indicated in exhibit 12, the synthetic resin indus-
try required 26 years from the start of commer-
cial production to reach a level of output of $50

e e e e e o — ——————.
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Bxamit 11. TaE EcoNoMio GROWTH OF Mas0k TEOHNOLOGICAL INNOVATIONS IN THE TIELD OF SYNTHETIO MATERIALS

$Mill]Lons

Synthetic

. Resins —‘?__\“/’

. Synthetic
Fibers

¢ —— '
o nams o 0 ¢ / E
- Synthetic .
/ Rubber i

1985 1960 1965

Exmmiz 12. CouparamivE Rarss o _CommErcial  million per year; the first synthetic fiber achieved
f{MWT?N FOST TIHS SyntuETIC FIBER, RUBBER, AND  {}a same result in 1.6 years. The primary differ-
ESIN INDUSTRIE ence that appears to account for these extreme
Lapsed timo from commerelal variations in the rates of commercial growth 1s
introduction (years) application. Synthetic fibers had direct applica-

| Criterla for evalustion tions in consumer markets for clothing and
’ Sypthetio | Synthetlo | Synthetio  women’s hosiery, whereas synthetic resins inmtially
had limited use in inuustrial markets, such as
| Date of commerclal introduction. ... 1939 1040 1910 paints, varnishes, and textile coatings. The very
; Absalate cconomle orjreria 1o rapid rate of commercial growth for synthetic
| e 2 E Z  resins did not occur until these materials began to
S — 1 3 8 find uses In toys, appiiances, and other consumer

T = 19 2 a applications.
Relative economic cr.teria in percent The relative growth rates (as a percent of gross
o . . <  Dational product) for these three innovations in
0.05 2 2T 2 the synthetic materials field (exhibit 12) provide
015 1 3t % an even more graphic illustration of the impor-
0.25 2 3+ % tance of the market applications to the rate of

0.50 >25 >4 >66

commercial growth. Since the market for syn-
thetic Tubber was virtually unlimited because of

1 Adjusted to the 1957-50 index of wholesale prices.
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wartime demands, synthetic rubber was able to
attain a level of 0.25 percent of GNP in less than 4
years. Because the market for synthetic fibers
Wwas more restricted by the fact that it had to com-
pete with silk, wool, and other natural materials,
the rate ¢f commercial growth was considerably
slower—reaching 0.25 percent of GNP in 24 years.
The commercial growth of synthetic resins was in-
hibited by the fact that its initial market was new
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and in industrial ayéplications; broader areas of
application had to be created before rapid com-
mercial growth could occur. The result was that
it required 41 fyears to reach a level of output of
0.25 percent of GNP, but the latter stages of this
owth were at a rate faster than that of synthetic
bers—6 years to grow from 0.10 to 0.25 percent
of GNP for synthetic resins versus 9 years for
synthetic fibers.




3. Major Technological Innovations in the Field of Light Metals

The field of light metals—aluminum, magne-
sium, and titaniuin—provides an interesting in-
si%ht into the process of technological innovation.
These three metals are among the four most plenti-
ful metallic elements on earth (iron is the fourth)
and have a number of important physical and eco-
nomic characteristics in common :

Each has a high strength-to-weight ratio and has
valuable corrosion resistance properties.

The separation of the pure metals from their natural
ores involves costly electrolytic refining processes.

Their commercial application had to await technologi-
cal advances first in ore processing and later in alloy
development and fabrication techniques.

The commercial growth of each was fostered by tech-
nological advances in the %eld of military aviation.

It is difficult to evaluate accurately the contribu-
tion which these light metals have made to our
economy. Certainly none of them could be con-
sidered as basic an element of ¢ economy and our
way of life as steel or copper. Gu the other hand,
they have truly made important contributions to
the technological advancement of the field of avia-
tion. In fact, it is unlikely that modern, high-
speed civilian and military jet aircraft would be

easible if it were not for the aluminum, magne-
sium, and titanium alloys used in them. Also, the
inroads which aluminum has made in some tradi-
tional applications for iron and steel (e.g., the
automotive and container industries) and the
slowly growing use of titanium in the chemical
processing industry makes it evident that these
metals do have a niche outside military and aero-
space applications where their light weight is far
more important than their high cost.

One other interesting aspect of this field as far
as this investigation is concerned is that each of
these light metals was introduced commercially
approximately 80 to 40 years apart, thus permit-
ting a direct comparison of the rate of technologi-
cal develogment and diffusion during different
time periods. Furthermore, two of these innova-
tions, aluminum and magnesium, were largely de-
veloped by private initiative with a single company
maintaining virtual monopolistic control over the
innovation during most of its early economic de-
velopment and growth. Thesituation was exactly
the opposite in the case of titanium, with most of
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the commercial research and development done by
the Federal Government and a primary market for
this material created by military jet aircraft appli-
cations during the Korean war. Thus, the field of
light metals also provides another opportunity to
compare the rate of technological development and
diffusion between publicly and privately financed
innovations.

Aluminum

The technological history of aluminum began
with the discovery of the metal 140 years ago (see
exhibit 13). Twenty years later, a sufficient quan-
tity of metal was produced to enable scientists to
determine some of its physical and chemical prop-
erties. In 1954 two processes for removing the
metal from the ore were developed—one produced
aluminum by a chemical technique and was used
until about 1890 but proved to be too expensive
($15 per pound) for commercial use. The other
involved an electrolytic process but was technically
impractical because at that time batteries were the
only available source of electrical power. At this
point, most of the technological discovery and de-
velopment work on aluminum was done in Europe;
but most of the subsequent research and develop-
ment work occurred in the United States.

For approximately the next 30 years, aluminum
technology remained dormant because of the lack
of low-cost electrical power for the reduction of
aluminum ore (bauxite) to metallic aluminum.
This obstacle was gradually diminished during
that period by Edison’s work on electric power gen-
eration and the establishment of a direct current
electrical power distribution system in the U.S.
in 1882, I")Ihe availability of low-cost electrical
power in large quantities was the key to the com-
mercial production of aluminum, and in 1886, Hall
in the U.S. and Heroult, independently, in France
developed the electrolytic process that is still used
in the production of primary aluminum.

Although continual improvements have been
made in raw metal production processes over the
years to reduce operating costs, at that point, tech-
nological research and development efforts have
sharply shifted to the development of new alumi-
num alloys and fabrication techniques which ex-
tended the applications and expanded the markets
for aluminum. The aluminum industry’s growth
required producers and users of the metal to assem-
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BExsmir 13. CHRONOLOGY OF THE DISCOVERY AND DEVEL-

OPMENT OF ALUMINUM

Basic Research and Investigation:

1825 : Oersted first produced pure aluminum metal,
1827 : Wohler produced aluminum as a powder.
Incubation Period:

1845 : Wohler succeeded in producing a sufficient quantity
of the metal to determine some of its properties.

1854 : Deville established the basis for the first commercial
production process.

1854 : Bunsen showed that aluminum could be produced by
an electrolytic process, but the process was impraec-
tical at the time because batteries were the only
source of electricity.

1882 : Edison's generator improvements and direct current
distribution system fostered commercial development
of low-cost electric power.

Oommercial Development:

1886 : Hall and Heroult independently discovered the pro-
duction process (electrolytic reduction of aluminum)
still used in the industry.

1888 : The Pittsburgh Reduction Co. (later to bacome the
Aluminum Corp. of America); was formed to produce
aluminum.

Commercial Growth:

1892 : Alcoa began commercial production of aluminum.

1915 : Wartime effort intensified development work on alloys
and new applications for aluminum.

1928 : Reynolds Metals Co. was formed and acquired assets
of an aluminum fabricator.

1938 : Aluminum was used for almost all structural parts
of military and larger ¢'vilian atrcraft.

1940: Alcoa doubled capacity in this country by building
and operating Government-owned reduction plants.

1946 : Kailser Aluminum & Chemical Co. was formed and
acquired three reduction plants from the Government,

1946 : Reynolds Metals acquired the remainder of the Gov-
ernment’s aluminum plants.

1950: The Government encouraged expansion of capacity
with construction loans, fast writeoffs, and guaran-
teed purchases for stockpile, resulting in new primary
producers entering the industry and nearly doubled
capacity in 4 years.

1965 : Primary producers emulated Alcoa’s example by inte-
grating forward into fabrication.

ble a knowledge of the physical and chemical prop-
erties of various aluminum alloys equal to that
which had accumulated in the iron and steel indus-
try over a period of 2,000 years or more. The pri-
mary objective of this research effort was to im-
prove the strength and corrosion resistance of the
pure metal and to make fabrication of these metal
alloys less costly. ‘

Applications research and development efforts
were principally privately sponsored and, until
Worltf War II, largely controlled by the only
domestic producer of primary aluminum—the
Aluminum Company of America. Gradually an
aluminum alloy technology evolved that enlarged
the applications for the metal. For example:

During World War I, aluminum was used for pistons
in internal combustion engines.

An important new forging alloy was developed during
the 1920's.

In 1926, aluminum-clad sheet was available com-
mercially.
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By 1938, most structural parts of military aireraft
were made from aluminum,

After World War II, aluminum foil came into wide-
spread use.

Morgy recently, aluminum cans have displaced “tin
canis” in certain food and beverage containers.

The fundamental economic fact underlying the
growth of the aluminum industry is the need that
existed for this metal in consumer and industrial
applications as well as for military and aerospace
uses. For example, kitchen utensils such as pots
and pans of iron were too heavy to be fully satis-
factory, but aluminum was strong enough to do
the job and weighed only one-third as much. Not
only did many needs exist for aluminum, but count-
less other uses were created as alloys were devised
for various potential a%plications. Nevertheless
except for sharp peaks during World Wars I and
II, growth of the aluminum industry was very
slow and undramatic.

_ The economic circumstances that prevailed dur-
ing the 60 years from 1888 (when Alcoa was in-
corporated as Pittsburgh Reduction Company)
until the end of World War II greatly influenced
the development and dgrowth of the industry.
Alcoa was the industry during that period, holding
the basic Hall tpatentz having exclusive contracts
with sources of bauxite, and being financed and
ided by the Mellon banking interests of Pitts-
urgh. Several attem})ts by other companies to
enter the industry failed. In 1928, Alcoa sired
Aluminium, Ltd., and transferred to it all of
Alcoa’s foreign properties. Aluminium, Ltd. is
now the biggest primary aluminum producer in
the world.

The period after the end of World War II saw
the emergence of aluminum as a major industry.
In 1946, Reynolds Metals Co. and Kaiser Alumi-
num & Chemical Co. entered the field by purchas-
ing the Government-owned aluminum plants built
during World War II. During the next 17 years,
the out%ut of the aluminum industry increased six-
fold. This rapid growth is partly attributable to
natural growth of aluminum-dependent industries,
such as commercial aviation, and partly to in-
creased military usage. However, most of it has
resulted principally from aggressive promotion of
the metal in new applications such as automobile
manufacture, residential and commercial construc-
tion, truck and rail transportation, and packaging.

Magnesium

Just as production of primary aluminum is
miniscule compared to that of steel, domestie pro-
duction of primary magnesium is equally small
as compared to that of aluminum—about 3 per-
cent. Yet, there are striking similarities in their




11-64 STUDIES: EMPLOYMENT IMPACT OF TECHNOLOGICAL CHANGE

histories. Magnesium, the third most abundant
metal in the earth’s crust (following aluminum and
iron), was discovered 17 years before aluminum
(see exhibit 14). Bunsen devised an electrolytic

rocess to produce magnesium in 1852, 2 years

efore he developed a similar process for alumi-
num. The year the Hall-Heroult electrolytic
process for aluminum reduction was developed
(1886), two German scientists improved Bunsen’s
magnesium reduction process. At this point, the
development paths of these two materials sep-
arated. Aluminum was marketed commercially
in 1892, but it was 1909 before the first magnesium
alloys were commercially available.

There is an interesting facet of the almost paral-
lel development of these two light metals: if more
research had been done on magnesium alloys dur-
ing the early 1900’s, the subsequent roles of the
two metals might have been reversed. Magnesium

Bxamir 14. CHRONOLOGY OF THE DISCOVERY AND DLVELOP-
MENT OF MAGNESIUM

Basic Research and Investigation:
1808 : Davy isolated metallic magnesium.
1828 : Bussy prepared nearly pure magnesjum.
Incubation Period:

1838: Faraday was first to succeed in producing metallic
magnesium by electrolysis.

1852 : Bunsen produced magnesium with a different type of
electrolytic cell.

1857: Deville and Caron produced magnesium by using
sodium to reduce magnesium chloride.

Oommercial Development:

1886: Fischer and Graetzel further developed the electro-
Iytie process.

1909: The first commercial magnesium alloys were mar-
keted by a German firm.

1915: German domination of world trade in the industry
was interrupted by World War L

Commercial Growth:

1918: Dow Chemical Co. joined four other firms to start
the magnesium industry in this country.

1927: Dow was the only domestic company left producing
magnesium, with a capacity of about 2,500 tons per
year.

1928: The carbothermic process for reducing magnesium
was invented in Austria by Hansgirg.

1932: Alcoa and I. G, Farben Co. pooled magnesium produc-
tion and fabrication patents and brought Dow into the
cross-licensing agreement,

1840: Britain and United States discovered the widespread
use of magnesium in German airecraft.

1040: The Federal Government authorized construction of
14 new magnesium plants, using 4 new reduction
processes.

1941: An antitrust suit was brought against Alcoa and Dow
by the Federal Government.

1942: Alcoa and Dow signad consent decrees promising not
to monopolize the magnesium industry, aud the Jus-
tice Department demanded that all patents be made
available, royalty-free, for the duration of World
War II

1944: The magnesium industry capacity reached 295,000
tons ver year with 10 of the 12 production plants
owned by the Federal Government.

1946 : Production fell to 5,300 tons causing several mag-
nesium producers to quit the field.

1965: The magnesium industry in this country is comprised
of four companies.

is two-thirds the weight of aluminum, nearly as
strong, produced by a similar process, nearly as
abundant, and production costs are almost compar-
able. It is the easiest of the light metals to ma-
chine and its applications are very similar to those
of aluminum. The primary difference between
the two is that magnesium powder will ignite
spontaneously ir: air and will burn intensely, a
characteristic which certainly hindered research
work on fabrication technology. Nevertheless, it
may be a fluke of history that aluminum rather
than magnesium has come to dominate the light
metals industry.

The early commercial development and exploi-
tation of magnesium was carried out by German
companies which dominated world trade in the
metal until World War I. The advent of World
War I disrupted German trade in magnesium, in-
tensified domestic demand for both incendiary and
atrcraft structural applications, nullified German
patents, and fostered the birth of the magnesium
industry in the U.S. First commercial production
was initiated in this country in 1918, but demand
fell just as abruptly after the war leaving Dow
Chemical Co. the only domestic firm in the indus-
try until after World War II.

Technologically and economically, magnesium
was born “secong best” in the light metals field.
Not only did it have to compete with aluminum as
well as steel for markets, but to Dow, the only
domestic producer, magnesium was only one of
several products obtained from carefully balanced
brine operations which also produced important
chemica] salts. Commercial development between
the wars was hindered also by metallurgical en-
gineering mistakes (e.g., the use of a self-destroy-
Ing magnesium-copper alloy in automotive pis-
tons) and by failures due to improper fabricstion
techniques. Furthermore, in 1982, Alcoa and I. G.
Farben Co. negotiated a cross-licensing agreement,
on magnesium production and fabrication patents.
Dow Chemical Co. was added later to the agree-
ment, which endured until Federal antitrust action
ended it in 1942. Thus, from 1918, the start of
production in this country, magnesium required
15 years to approach aluminum in price, 20 years
to reach an annual production rate of 2,400 tons,
and 22 years to attain a permanent multicompany
industry status.

In contrast, Germany had developed magnesium
technology and commercial applications to where
it was consuming 6 times as much of this metal
as the U.S. The German Ford plant made exten-
sive use of magnesium in cars, and German mili-
tary aircraft contained as much as 1,000 pounds
of this light metal. During the early years of
World War II, the Federal Government author-
ized construction of 14 magnesium plants (only
2 privately owned) to be run by 12 private com-
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panies and using various processes to produce
magnesium.

At the end of World War IT, production dropped
sharply, but magnesium began to expand its mili-
tary aircraft applications. The industry is now
operating at 10 times immediate postwar output
levels with 4 companies now in the industry. How-
ever, less than 40 percent of current domestic con-
sumption is used in primary structural applica-
tions with the remainder, ironically, being con-
sumed in the production of other metals, prin-
cipally as an alloying agent to improve the prop-
erties of its rival light metals, aluminum, and
titanium.

Titanium

Titanium is the newest of the light metals and
is now growing rapidly, primarily as a result of
intensive Giovernment interest in 1t for aerospace
applications. It isthe fourth most abundant metal
in the earth’s crust and is widely distributed; it
has the strength of high quality steels but weighs
only 56 percent as much, and has excellent resist-
ance to corrosion and maintains its strength at
higher temperatures than any other metal. Per-
haps its most important property is its ability to
be alloyed with most other metals and with many
nonmetals to produce material: with a wide va-
riety of characteristics.

Although titanium was discovered as early as
1789 (see exhibit 15), it was not until 1936 that
a production process was devised. The U.S. Bureau
otP Mines perfected the process, which achieved
success on a pilot plant scale in 1946. Commer-
cial use of tifanium began in 1950 in jet aircraft
applications which capitalized on the material’s
strength and relative light weight. Because of
titanium’s potential advantages in military appli-
cations, the Office of Defense Robilization Yostered
establishment of the titanium industry in 1951
with the granting of construction loans, fast write-
off provisions, and purchase contracts for stock-

iling the metal. In 1955, the Department of De-
gense established a titanium research laboratory
and a central facility for collecting and dissemi-
nating information on titanium metallurgy, fabri-
cation, and application technology. This inten-
sive technical sup&)ort by the Federal Government
resulted in a gradual surmounting of the difficul-
ties of fabrication, and now titanium can be ma-
chined nearly as easily as stainless steel.

The structural advantages of titanium led to
its early uses in military aircraft, most civilian
jet aircraft, and nearly all missiles. Titanium’s
ability to retain its strength at extremely high
temperatures made it extremely useful in jet en-
gines and as a structural material in supersonic
aircraft, such as the A-11, X-15, TFX, and XB-
704, and the yet to be designed mach 3 transport.
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Dxamir 15. CEHPONOLOGY OF THE Discoviey AND DEVEL-
MENT OF TITANIUM

Basio Research and Investigation:

1789 : Gregor discovered titanium.

Incubation Period:

1910: Hunter isolated metallic titanium by reducing tita-

nium tetrochloride with sodium.

Commescial Development:

1936: Kroll developed a production process thet involved
the reduction of titanium tetrochloride with molten
magnesium,

1946: The U.S. Bureau ¢f Mines succeeded in producing
titanium on a pilot plant scale using Kroll's process.

Commercial Growth:

1950 ¢ Titanium Metals Corp. of America was formed by
Alleghany Ludlum Steel Co. and National Lead Co.,
and the flrst commercial production of titanium was
begun.

1951 : The Office of Defense Mobilization fostered the growth
of the titanium industry with construction loans, tast
writeoffs, and purchase of output for strategic stock-
piles.

Department of Defense established a titanium re-

search laboratory and central facility for collection

and dissemination of information on titanium char-
acteristics, applications, and engineering.

The Federal Government stopped purchasing titanium

for stockpile when the Department of Defense decided

to hase deterrent force on missiles instcad of planes,
thereby causing some producers to witndraw from
the fleld.

Shipments of fabricated titanium exce.ded pre..vus

peak volume (in 1957), with the metal being used

in civilian end military craft, missiles, and some petro-
chemical processing equipment,

The newest military ,et aircraft, the A-11, 1s sald

to represent “mastery of the metallurgy and fabri-

cation technology of titanium metal.”

1965 : The proposed U.S. design of a mach 3 supersonie
transport plane would require extensive use of tita-
nium to withstand the high temperatures generated by
alr flows at that high speed.

1955

1957:

1962:

1964

Titanium’s corrosion resistance has also led to a
U.S. Navy contract for an experimental submarine
hull, and is rapidly opening industrial markets in
such applications as corrosive petrochemical proc-
esses, paper bleaching, and heat exchangers.

Another consideration that may have an impor-
tant influence upon the growth of the titanium in-
dustry in the future is t%le present structure of the
industry itself. There are presently three com-
panies producing primary titanium into finished
bars, sheets, and plates. Most of the companies
in the titanium field were formed as joint ven-
tures among some of the country’s leading steel
and chemical companies (e.g., U.S. Steel, Du Pont,
Republic Steel, National Distillers), and thus
have access to large financial resources to invest
in additional research and development work oa
new applications for this newest light metal.

Conclusions

As indicated above, the level of output of the
magnesium and titanium industries is small in
comparison to the output of the aluminum indus-
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try—in 1964, aluminum output amounted to $1.21
billion versus an output of $57.0 million for mag-
nesium and $20.8 million for titanium. Because
of this wide disparity, it is difficult to make any
extensive comparison of the rate of economic
growth of these individual innovations in the field
of light metals. Nevertheless, they provide an oE-
portunity to gain an insight into changes in the
early stages of commercial growth.

Exhibit 16 provides a graphic picture of the
economic growth of these three innovations dur-
ing the last 65 years. It also demonstrates another
consideration that makes a meaningful analysis
of the economic growth and development of these
innovations even more difficult—the impact of an
artificial demand created by wartime conditions.
The output of each of these light metals reacted
sharply to military requirements of World War

STUDIES: EMPLOYMENT IMPACT OF TECHNOLOGICAL CHANGE

I (for aluminum), World War IT (for aluminum
and magnesium), and the Xorean war. The out-
ut of these critical light metals has also been in-
ated in recent years as a result of the Federal
Government’s efforts to stockpile them and the
continuing high level of military expenditures.
In the light of these conditions, the rate of eco-
nomic growth of these three innovations was
analyzea in terms of both relative (various per-
centages of gross national product) and absolute
(various dollar-value levels of outpui) economic
measures. Results are shown in exhibit 17 which
indicates that both aluminum and magnesium ex-
perienced a very slow rate of economic growth (as
measured by both economic measures), with mag-
nesium having an even slower rate of economic
growth during the initial stages of its commercial
application.

Bxamrr 16. EcoNoMI10 GROwWTH OF TEOHNOLOGICAL INNOVATIONS IN THE FBLD OF L16HT METALS
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Another aspect of this analysis is the economic
growth rate of titanium as compared to that of the
other two light metals. The rate of growth for
titanium during the early stages is approximately
b to 6 times as fast as that of aluminum as meas-
ured by absolute levels of output, and approxi-
mately 8 times as fast when measured by relative
economic criteria. However, because of Govern-
ment stockpiling purchases, this early growth rate
is misleading, an?l as the titanium industry con-
tinues to expand in the future, its overall rate of
economic growth will probably not maintain this
margin but will more closely approximate that of
aluminum and magnesium.
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Exm1BIT 17. ANALYSIS OF THE RATE OF EcoNOMIC
GrowTH IN THE FIELD OF THE LIgHT METALS

Lapsed time (in years) from
introduction
Criteria for evaluation
Aluminum | Magnesium | Titanium
Start of commercial production....... 1802 1018 1960
Absolute measure in $million output:!
e namcmanmacar———————————————— 14 24 3
60..-.. - 23 25 4
100. e ac e eimcamnaccnm—n———— 24 26 >l4
Relative measuro in percent of GNP:
0.01 ——— 10 24 4
0.02.... wan 14 25 6
0,05 et e 23 >46 >l4

! In constant dollars based on 1057-59 index of wholesale prices.




4. Major Technological Innovatiors in the Field of Communications

Two technological innovations in the field of
communication—radio and television—are apt
subjects for this investigation since these must
rank among the most significant technological in-
novations of the 20th century. Although both
radio and television are often maligned publicly
and privately (e.g., “television’s vast wasteland”),
in all honesty these two inrovations must be ac-
knowledged as having had an important impact on
our economy and way of life.

The ability to reach large segments of our popu-
lation has made radio and television broadcastin
a medium of mass communication without equa
in our society. This mass communication capa-
bility is further enhanced by a unique ability to
provide information, education, and entertain-
ment to individuals of all ages and social and
economic levels. One cannot help but be awed by
the potential of radio and television to inform
and educate as young children discuss rocket
launchings, spacecraft, orbiting, and reentry in the
same breadth as the latest episode of “Lassie.” As
satellite communication systems are developed and
placed in commercial operation, radio and televi-
sion will truly become a worldwide medium of
mass communication, and are likely to have im-
portant effects on all nations of the world.

The contribution of radio and television broad-
casting to this country’s economy has been equally
as significant as the social and cultural changes
these innovations have produced. In 1964, the
output of the radio and television industry (in-
cluding both broadcasting and the manufacture of
radio and television receiving sets) exceeded $4
billion, and has been increasing at a rate of ap-
groximately 10 percent per year during the last

years.

Although the direct economic contribution of
the radio and television industry has been substan-
tial, its most significant contribution has been its
overall impact on our consumer economy. As a
unique medium of mass communication capable
of reaching individuals of all ages and sociaf and
economic levels, radio and television provide
manufactui ors of consumer goods with unequalled
opportunities to bring the merits of their particu-
lar products to the attention of large segments of
the population. Furthermore, by choosing broad-
casting time, a company can selectively determine
the segment to which its products will be exposed.
It is quite evident that most of our consumer goods
industries could not have attained their present
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levels of output were it not. for the radio and tele-
vision industries.

Radio Broadcasting

The development of wireless communications

(radio) presents an interesting example of how
social and economic conditions can transmute
basic technology and drastically alter its original
purgose and application. When initially devei-
oped in the late 1890’s and early 1900%, radio was
conceived as simply an extension of existing pri-
vate wire communication services (telephone and
telegraph). Thus radio was viewed as a method
of extending telephone and telegraph service to
ships at sea, remote geographical locations, or
other places that could not be reached directly by
wire communications. As a result, most of the
original research on the development of wireless
communication was initially oriented toward the
relatively simple task of transmitting impulses
for telegraphic communications (see exhibit 18).
Much of this early development work was done
by Marconi in England, and by the start of World
War I, commercial telegraphy was an established
industry.
Thelgrst successful experimental voice transmis-
sion was made by Fessenden in 1900, followed 6
years later by his first successful long-distance
radio voice transmission establishing radio’s tech-
nical feasibility, Despite this early success, the
evolution of radio from the laboratory stage to a
commercial development had to await two other
technological advances in the field of electronic
circuitry—the development of the triode by De-
Forest in 1907, and the regenerative circuit by
Armstrong in 1913.

Further impetus to the development of radio
was provided by the establishment of Radio Corp.
of America in 1919, an event of particular im-
portance to the development and growth of the
radio industry. RCA was established to consoli-
date the patent holdings of the major American
companies in the wireless transmission field
(American Marconi Co., American Telephone &
Telegraph Co., General Electric Co., and subse-
(ﬁmntly, Westinghouse Corp.), and to cross-license
these patents among these companies. Prior to
this time, it was virtually impossible for any com-
pany to manufacture an effective radio transmitter
or receiver without infringing on another’s patents.
At the time of its establishment, RCA held over
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Pxamrr18. CHRONOLOGY OF DISCOVERY AND DEVELOPMENT
IN RADIO BROADCASTING

2:8io Research and Investigation:

1837 : Morse invented the electric telegraph.

1873 : Maxwell published a treatise that first presented the
theory of electromagnetic energy.

1876 : Bell developed and patented the telephone.

1878 : Hughes devised the first carbon microphone.

1888 : Hertz confirmed Maxwell's theories on wireless trans-
mission by sending and receiving radio waves.

Inocubation Period:

1806 : Marconi was Issued the first patents on wireless
transmission in England.

1897 : Marconi developed the first spark-coil transmitter and
established a company in England to exploit its com-
mercial applications.

1898 : Lodge invented and patented a method of selective
tuning for wireless communications.

1900 : Fessenden made the frst successful experimental
radio broadcast.

1901 : Marconi transmitted the first wireless telegraph mes-
sage across the Atlantic.

1906 : Fessenden made the first long-distance radio broad-
cast and demonstrated the technical feasibility of
radio.

1907: DeForest developed the 3-element (triode) vacuum
tube.

1908 : DeForest broadcast phonograph musie from the top
of the Biffel Tower.

Commercial Development:

1913 : Armstrong developed th regenerative radio ecircuit.

1919 : Radio Corp. of America was established and subse-
quently arranged cross-licensing agreements on radio
patents with American Telephone & Telegraph Co.,
General Electric Co., and Westinghouse Co.

1920: Station KDKA in Pittsburgh became the first com-
mercially licensed radio station and transmitted the
results of the Harding-Cox presidential election.

1920 : Armstrong invented the superheterodyne radio circuit.

Oommercial Growth:

1922+ Station WEAF began broadcasting in the New York
area, and the first “commercial” was wroadcast,

1923 : {The first network broadcast between New York City
and Dartmouth, Mass., was Initiated.

1924 : The first coast-to-coast radio broadcast was made of
a speech by President Coolidge.

1926 : American Telephone & Telegraph Co. withdrew from
the field of radio broadcasting.

1926 : The National Broadeasting Co. was formed and went
into operation.

1927: The Federal Radio Commission (now the Federal
Communieations Commission) was established by
Congress to regulate the field of radio broadcasting.

1927: The Columbia Broadcasting System was establighed.

1932: An artitrust suit by the Federal Government resulted
in the divesture of the Westinghouse and General
Electric interests in RCA,

1933 : Armstrong developed a practical system of frequency
modulation (FM) broadcasting.

1938 : Experimental FM broadcasting was started.

1941 : First commercial FM hroadcasting was inaugurated.

1945 : Manufacture of radios was resumed.

1954 : Radio was displaced by television as the primary
source of broadcasting revenue.

2,000 patents in the field of radio, including vir-
tually all that were of importance at that time.
As mentioned above, the transmutation of radio
from a vehicle for private communication to one
of public communication for use by anyone was
an evolutionary process. The initial step was the

establishment of station KDKA in Pittsburgh as
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the first commercial redio station (in 1920) with
the broadcasting of the results of the Harding-
Cox Presidential election. The first 2 years of
radio broadcasting were largely limited to this
type of news and information reporting.

The first “commercial” radio Eroadcast origi-
nated from station WEAW in the New York area
in 1922, marking the beginning of the radio broad-
casting industry. In 1923, the first radio network
broadeast was made from New York City to
Dartmouth, Mass., and was followed by the first
coast-to-coast radio broadcast, of a speech by
President Coolidge. During this period, the num-
ber of licensed radio broadcasting stations in-
creased from 30 in 1922 to more than 500 in 1924.

The following 5 years were a period of very
rapid growth for the radio industry, accompanied
by the consolidation that seems to be inevitable
in every new industry. During this time, the NBC
and CBS broadcasting networks were established,
and they acquired a number of independent radio
stations; A.T. & T. withdrew from broadcasting
to devote its efforts to the field of telephone com-
munications, and the Federal Radio gommission
(now the Federal Communications Commission)
was established to regulate the entire field of public
communications.

The most significant technical and economic de-
velopments from 1930 to the present was the de-
velopment and commercial introduction of tele-
vision and FM broadcasting. Althouga television
quickly displaced radio as the primary medium of
mass communication, both these developments pro-
vided the impetus that has enabled the commereial
broadeasting field to reach its present level of out-
put of more than $4 billion.

Television Broadcasting

The most surprising aspect of the development
and growth of the television industry is its long
history of research and technical developments.
Initial research in this field paralleled that of ra-
dio, both in time and in scope. The basic tech-
nical feasibility of television was established in
1907 (see exhibit 19), the same year that DeForest
developed the 3-element vacuum tube whick proved
to 5’.‘3 the key technical development in the geld of
radio.

The next 15 years in the history of television
were primarily ones of technical frustration.
There was a common expectation in the radio in-
dustry during the 1920°s that the technical prob-
lems of television would be resolved quickly and
that coramercial television broadcasting would
soon follow in the wake of radio broadcasting.
The reason for this optimism was that while the
technology of television receiving sets was consid-
erably more complex than that of radio receiving
sets, the two were very similar.
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Exuipir 19. CHRONOLOGY OF DISCOVERY AND DEevELOP-
MENT IN TELEVISION BROADCASTING

Basio Research and Investigation:

1862 Caselli developed a crude system of phototelegraphy
capable of long-distance image transmission.

1875: Carey designed a crude television system utilizing
selenium cells.

1878 : Crooks developed the cathode-ray vacuum tube,

1884 : Nipkov developed a mechanical scanning system suit-
able for transmitting stationary images.

1897 : Braun developed the cathode-ray oscilloscope by add-
ing o fluorescent screen to a cathode-ray vacuum tube
and controlling the path of the electron beam with
electromagnets.

Incubation Perfod:

1907 : Rosen developed and patented a device for receiving
television plctures from a nearby mechanical tele-
vision transmitter.

1807 : DeForest developed the 8-element (triode) vacuum
tube,

1928 : Zworykin patented an electronic camera tube em-
bodying the basic concepts of electronic scanning.

1924 : Bell Laboratories undertook a research program on
mechapical television scanning systems.

1927 : Bell Laboratories made the first long-distance tele-
vision broadenst from Washington to New York using
a mechanical scanning system.

1928 : Zworykin developed a practical electronic scanning
tube for television transmission.

Commercial Development:

1929 : Bell Laboratories conducted a successful color tele-
vision broadcast.

1930 : Bell Laboratories established an experimental two-
way television transmission system to A.T. & T.'s
headquarters in New York City.

1935,: RCA Laboratorles developed a high-resolution tele-
vision system similar to the one presently used.

19036 : RCA constructed an experimental t.levision trans-
mitting station atop the Bmpire State Bullding and
successfully transmitted plctures 45 miles.

1937 : Seventeen experimental television stations were in
operation,

1939 : Dumont Co. manufectured the first commercial tele-
vision set.

1939 : The Milwaukee Journal flled the first application
with the FCC for a commercial television broadcast-
ing license.

1040 : CBS publicly demonstrated a mechanical color tele-
vision system.

1941: The FCC authorized the start of commerciel tele-
vision broadcasting on July 1, 1941,

1042 : The manufacture of all television broadcasting and
recelving equipment was suspended for the duration
of World War II, with about 10,000 television sets
in consumer use.

Commercial Growth:

1045 : Production of consumer television receivers was re-
sumed, and the FCC allocated 18 VHF channels for
commercial television broadcasting.

1946 : The FCC received the first petition for color tele-
vision from CBS which was subsequently deferred
until standards could be established.

1947 : RCA announced development of a color television sys-
tem that was compatible with black-and-white tele-
vision broadcasting.

1948 : ‘The Issuance of new television broadcasting permits
was frozen pending further study of the television
broadeasting industry.

1951: AT. & T. completed a transcontinental microwave
transmission system and coast-to-coast television
broadeasting was inaugurated.

1953 : Magnetic tape recording for television was developed.

1953 : The FCC approved standards for color television.

19685 : Color television became an important aspert of tele-
vision broad.asting.

STUDIES: EMPLOYMENT IMPACT OF TECHNOLOGICAL CEANGE

The primary technical deterrent to the commer-
cial development of television during this innova-
tion’s 22-year incubation period was the method of
image scanning utilized in transmitting the broad-
cast picture.

Early research on image scanning was concen-
trated on the development of mechanical systems.
As early as 1927, Bell Laboratories made a success-
ful television broadcast from Washington to New
York utilizing a mechanical scanning system. By
1930, Bell Laboratories had made 2 successful
color telecast and had established an experimental
two-way television transmission system between
New Jersey and New York City. However, the
difficulties of maintaining synchronization be-
tween a mechanical transmitter and remote receiv-
ing sets made this technique unfeasible for con-
sumer use.

The key technological innovation in the field of
television from the commercial point of view was
the development of an electronic scanning tube by
Zworvkin in 1928. Although this was the tech-
nical breakthrough needed to make television tech-
nically feasible for consumer use, a lengthy period
of commercial development, particularly on pic-
ture quality, ensued before television could be re-
Jeased to the public. Experimental commercial
telecasting began in 1936, and by the following
year 17 experimental television stations were in
operation.

The first application for a commercial television
broadcasting license was made to the FCC in 1939
by the Milwaukee J ournal. After approving tele-
vision broadcasting standards, the FCC author-
ized the start of commercial television broadcast-
ing operations by several stations on July 1, 1941,
However, with the entry of the United States into
World War II 5 months later, further production
of telovision broadcasting equipment and eceiv-
ing sets was suspended for the duration of the war.
The industry remained in a state of limbo during
that period with about 10,000 television sets in op-
eration and only a limited amount of television
broadcasting.

The true commercial growth of television did
not begin until after the end of World War II,
when all restrictions on manufacturing and broad-
casting were removed. During the next 5 years,
the growth of the industry was so rapid that it is
difficult to comprehend, with the combined reve-
nues from the manufacture of television sets and
television broadcasting exceeding $1.5 billion dur-
ing 1950. The television industry continued to
grow steadily until the late 1950’s when both tele-
vision manufacturing output and broadcasting
revenues began to stabilize. However, within the
last 3 years growing consumer acceptance of color
television has provided a substantial impetus to the
industry’s economic growth, which should cor-

tinue for several more years.




Conclusions

This investigation of radio and television pro-
vides an opportunity to examine the rate of dif-
fusion of technology in a consumer product field
that is virtually without Government subsidy
either in research or application. Furthermore,
the rate of diffusion for a primary innovation
(radio) which created an industry in the consumer
field can be compared with that of a secondary in-
novation (televisiong in the same field which was
able to build on a substantial foundation of people
and facilities already in existence.

One difficulty inherent in any attempt to meas-
ure the rate of commercial development (dif-
fusion) of the radio and television industries arises
because they involve both a product and a service.
The transmission of radio and television programs
is primarily a service function which can only be
measured in economic terms through revenues
received for these broadcasts; yet the reception of
this radio and television transmission can only be
measured in economic terms by the value of the
product (i.e., radio and television sets) used for
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this purpose by the consumer. Because neither the
product nor the service can exist without the other,
the rate of commercial growth of the two indus-
tries has been measured by combining the value of
the output of television and radie manufacturing
witk the corresponding value of television and
radio broadcasting revenues for the years under
study. Although this method of measurement un-
derstates the true economic importance and growth
of the two industries by excluging the value of the
sales and service operations that are an important
art of radio and television set manufacturing, it
is reasonably consistent with the methods used to
measure the rate of diffusion of other techno-
logical innovations.
he value of output for the radio and television
industry is shown individually and in total in
exhibit 20. A more detailed analysis and com-
arison of the rate of economic growth of these in-
ustries is presented in exhibit 21. The most
significant fact revealed by these exhibits is the
extremely rapid rate of commercial growth ex-
perienced by both industries durin their early
stages of development. Interms of absolute meas-

Txamir 20. THE EcoNoMic GRowTH OF Rap1o AND TELEVISION BROADCASTING
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ExuiBiT 21. COMPARATIVE RATES OF EcoNoMmICc GROWTH
FOR THE RADIO AND TELEVISION INDUSTRIES

Lapsed time from
commercial intro-
Criteria for evaluation duction (years)
Radio | Television
Date of commercial introduction .u.-eooceeeeceee-- 1922 1045
Absg(l)ute economic criteria in $ million output: ! ’ )
300 e e 3 24
250 e e - 4 3
600 - 7 3+
760_. 8 4
1,000. - 21 44
1,500, oo e e e >42 b
Relative economic criteria in percent of GNP:
0,10 e ameecmcem e mmceemce—————————————— 3 3+
(15 1 S e emeame—m————— 4 4
0,200 o e —— 6 4
0.25. . - 7 4--
050 - e e - 22 )
0,78 e e e — ;e ———————— - >42 19

1 Adjusted to the 1957-69 index of wholesale prices.

ures, the radio industry was able to attain a level
of output of $750 million in 8 years and television
in about 4 years. As measured in relation to gross
national product, a similar situation is evident,
with the radio industry reaching a level of 0.25
gercent of GNP in 7 years and the television in-

ustry reaching the same level in slightly more
than & years. At that point, the rate o% growth of
the radio industry declined but continued for the
television industry, reaching an almost unbeliev-
able level of 1.5 billion (0.50 percent of GNP)
within 5 years from the date of commercial intro-
duction.

To some extent, the television industry’s rapid
growth can be attributed to the fact that much of
the basic foundation upon which the industry was
built (i.e., studio facilities, personnel, advertising
agencies, appliance stores, etc.) was already in
existence because of the radio industry. Radio did
not have this foundation, and essentially had to
create an entire new industry structure upon which
to build. Yet the economic growth of this indus-
try is impressive in comparison to most technologi-
cal innovations.

The large amount of research and development
is a factor which probably contributed signifi-

cantly to the rapid growth of the radio industry.
During the period of commercial development, a
substantial portion of the funding for research
and development was underwritten by private in-
dividuals in hopes of eventually earning a profit on
their investment through the sale or licensing of
resulting patents. Although most of these private
investments were notably unsuccessful, they did

rovide a continuous flow of research funds dur-
mg the critical phases of radio’s technical develop-
ment.

During the early period of the radio industry’s
growth, emphasis on research continued but the
source of the funds changed. The four companies
that dominated the radio industry from 1910 to
1930, American Telephone & Telegraph, General
Electric, Radio Corp. of America, and Westing-
house, were all research oriented and invested sub-
stantial amounts of corporate funds in radio re-
search and development. (A.T. & T. alone spent
$21 million on direct radio research in a 15-year
period, and an additional $25 million on closely
related research.) This support of technical re-
search was accompanied by even larger invest-
ments in exploiting the opportunities in radio,
which uncoubtedly further accelerated the com-
mercial growth ofy the industry. The investment
in both research and commercial development was
possible because of the financial resources of the
companies in the field. It is unlikely that the rate
of technical and economic progress would have
been nearly as rapid if a large number of small
comﬁanies had dominated the radio industry.

The most significant conclusion that can be de-
rived from this admittedly brief study of the com-
mercial growth of these industries is the very rapid
rate of diffusion possible for technological mnova-
tions with consumer application. The fact that a
new-consumer industry (radio) can be created and
reach a level of $750 million in 8 years, and that
another innovation (television) introduced within
an existing consumer industry can attain a level of
$1.5 billion in 5 years suggests that the rate of dif-
fusion of technological mnovations in consumer
product areas may be considerably greater than
that for innovations in industrial product aress.

-

- - ——, -




5. Major Technological Innovations in the Field of Food Preservation

Man has historically located his home accordin,
to the availability of food and water. He coul
trave] only so long as he remained close to sources
of both, and he was forced to move if the local
supply of either vanished. To travel when neither
was available, he had to provide means of taking
them with him and keeping them in a usable con-
dition. The voyages o C%lum‘bus and Magella..
sug%est that man had found adequate, if not en-
tirely satisfactory, techniques for preserving food
several hundred years ago.

Even the method of food preservation. most
widely used today, canning, is an old develop-
ment—the process of preserving foods by heating
in sealed metal and glass containers dates back to
the early 19th century. The growth of the can-
ning industry would {)e of interest to this study,
but lack of economic data makes it unsuitable.
This investi%ation, consequently, is focused on two
more recent developments in the field of food proc-
essing, quick freezing and freeze drying. The
former has already proven its commercial impor-
tance; the latter is beginning to demonstrate that
it may have an important role to play in the field
of food preservation in the future.

Frozen Foods

Freezing to preserve foods is an ancient practice
with Eskimos and others in cooler climates, but
the use of freezing commercially to preserve food
did not materialize until the 20th century. The
development of food freezing evolved from several
distinet directions. Basic technological develo;t))-
ments concerned with methods for producing sub-
freezing temperatures began with tlge 17th century
discovery of a process to make artificial ice. Fur-
ther advances were made during the 19th century
when several patents were granted for food pres-
ervation processes involving immersion in ice and
brine (see exhibit 22). However, the advent of
mechanical refrigeration in the 1800’s was the
basic technological discovery that enabled the
frozen food industry to become a commercial food
preservation process. Mechanical refrigeration
came into use for preserving boatloads of meat
bound for England in the 1880°s but it was the
accidental freezing of one of those cargoes that
led to the use of freezing as a commercial food
preservation process.

The second major factor which contributed to
the creation of the frozen food industry was the

ExHIBIT 22. CHRONOLOGY OF THE DISCOVERY AND DEVELOP-
MENT OF FROZEN Foops

Incubation Period:

1842 : Benjamin obtained an English patent for a process
of preserving meats by freezing through immersion in
ice and brine—one of several food freezing patents
granted in the 19th century.

1880: Mechanical refrigeration, the basic foundation for
today’s food freezing industry, was used to preservc a
boatload of meat transported from Australia to Eng-
land ; the unintentional freezing of one cargo led to the
use of freezing as a standard practice.

1908: Baker, in Colorado, successfully froze fruits—one of
the earliest attempts to broaden the scope of frozen
foods beyond meats and fish.

Commercial Development:

1916 : Three German researchers showed the benefit of quick
freezing (hours rather than days) in preserving food
quality.

1917 : Clarence Birdseye began his investigations into
frozen food, emphasizing development of methods of
freezing foods in small containers suitable for pur-
chase by the consumer.

Commercial Growth:

1925 : General Seafoods Co., established by Birdseye, began
production of frozen fish.

1927 : The belt freezer was introduced, permitting produc.
tion on a continuous basis.

1929 : The first commercial frozen food pack was put on the
market after considerable experimentation by General
Foods Corp.

1937 : Household freezers grew rapidly and provided the ve-
hicle which brought frozen foods into the home on a
widespread scale.

1946 : The postwar period initiated new consumer interest
in convenience foods. This combined with the ability
to pay a premium for frozen foods and the introduc-
tion of freezers for home use to provide a great
impetus to the growth of the frozen food industry.

1947 : Overproduction and overestimation of consumer ac-
ceptance drove many producers from the industry.

1954 : “TV dinners” were introduced and were the har-
binger of a broad line of frozen food products marketed
during the 1950’s and 1960's.

slow accumulation of a technology of freezing vari-
ous foods to produce an acceptable consumer prod-
uct. Until about 1900, work had been concentrated
on the preservation of meats and fish. Gradually
development efforts were extended to include fruits
and vegetables, but progress was slow because dif-
ferent food products react differently to freezing.
ﬁThe complexity of this is evident by the use of
reezinf equipment engineered to a specific type
of food.) It was not until 1916 that the rate of
freezing was recognized as the significant factor
in maintaining the quality of frozen foods.
Both mechanical refrigeration and the develop-
ment of a technology set the stage for the introduc-
tion of frozen foods as a consumer product. For
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all practical purposes, the industry began in 1925
when Clarence Birdseye formed the General Sea-
foods Co. to produce frozen fish using a batch-type
immersion process. Shortly thereafter, the belt
freezer was introduced, continuous production be-
came possible, and the General Foods Corp. began
to offer a broader line of frozen foods.

From that point, the growth of the frozen food
industry became dependent on other factors. Cer-
tainly the economic prosperity of the mid-1920’s
fostered the introduction of frozen foods since
money was available for such luxury items as
frozen foods. Correspondingly, the depression of
the 1930’s made higher frozen food prices unat-
tractive to large segments of the consumer market.
Moreover, very little refrigeration equipment was
available to transport frozen foods, keep and dis-
play them in stores, and keep them frozen at home.

The advent of World War IT provided an un-
expected stimulus to the growth of the frozen food
industry. Foods preserved by conventional can-
ning processes had to be packaged in tin cans which
were needed for military food supplies, but frozen
foods could be packaged in less critical materials.
Therefore, frozen foods were declared nonessential,
with the result that the growth of the frozen foods
industry was actually fostered by wartime restric-
tions on canned foods.

The post-World War II period witnessed the
emergence of frozen foods as a major industry.
Its growth was closely associated with the tremen-
dous upsurge in consumer purchases of appliances,
including refrigerators with freezer compartments,
and increasing personal income which left more
money in the food budget for the purchase of con-
venience foods. Despite the resulting pros%arity
the post-World War IT period was one of upheava,
in the industry. The postwar boom was antici-
pated by so many producers that overproduction
occurred, and eventually resulted in severe compe-
tition that forced about 200 producers out of the
business.

The explosive growth of the industry was fos-
tered by the advent of frozen orange juice, other
concentrates, and various frozen Fre ared spe-
cialties which resulted in a thirteenfold expansion
in the industry during the last 15 years. Al-
though technological advances were made during
that period (some as an outgrowth of cryogenic
research associated with outer space exploration),
it is noteworthy that the spectacular growth of
frozen foods at that time is largely unrelated to
the technology of food processing. Instead, the
industry’s growth is directly attributable to sus-
tained economic prosperity, the variety and quality
of the foods offered, and the enormous potential
of the consumer food market.

Freeze-Dried Foods

Freeze drying is a method of preserving foods
that combines the earlier known processes of freez-
ing and dehydration. The basic technological
concepts of freeze drying grew out of medical re-
search on the preservation of blood. The primary
impetus to the development of freeze drying was
supplied by the Armed Forces® interest in foods
made more readily transportable by eliminating
water content. The need was revived during the
Korean war but only modest results were obtained
until 1955 when a new method was developed with
considerable commercial promiss (see exhibit 23).

Examir 23. CHRONOLOGY OF THE DISCOVERY AND DEVELOP-
MENT OF I'REEZE-DRIED FooDs

Basio Research and Investigation:
1940's: The principles of freeze drying were developed by
medical research in the preservation of blood.
1940’s: Freeze drying was sought as & means of maklag
foods more easily transportable under wartime con-
ditions by eliminating the water in foods.
Incubation Period:
1951: The Korean war revived the militery need for more
easily transportable food.
Oommercial Development:
1956: A commercially promising method of freeze drying
foods was developed.
Oommercial Growth:
1961 : Freeze-dried foods were introduced to the civilian
market.
1965: Several food manufacturers introduced cereals that
incorporated freeze-dried fruits in packages.

This method involved freezing the food, sub-
jecting it to a vacuum, and then applying heat,
which results in the sublimation of the water in it.
In the absence of water, the natural deterioration
of food ceases because all bacterial and enzymatic
action is suspended. Freeze drying is applicable
to a variety of foods; it preserves the nutritional
constituents and has very little effect on the struc-
ture and size of the food, but it causes some de-
tracting changes in appearance.

Since 1961, when freeze-dried foods were intro-
duced to the consumer market, many producers
have entered the field. For the most part, they are
established firms in the food field, active in food
research, and with access to substantial research
funds—a necessity with freeze drying since the
process is expensive in terms of facility require-
ments. An estimated 21 freeze-dryinﬁ plants are
now operating in North America, with others un-
der construction.

The commercial growth of freeze-dried foods
has closely paralleled that of frozen foods. Be-
cause the process is still relatively expensive in
comparison to other methods of food preservation,
its use has primarily been limited to such specialty
items as mushrooms and foods for campers. The
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Examir 24. EconoMio GROWTH o INNOVATIONS IN THE FIELD OF Foop PRESERVATIVES
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first widespread use of freeze-dried foods for con-
sumer application was in the preparation of cer-
tain soups. More recently, several food manufac-
turers have introduced new dry cereal products
that contain freeze-dried fruits. The primary dif-
ference between freeze-dried foods and frozen
foods is that no special refrigeration or other
equipment is neededp for freeze-dried foods either
at the retail outlet or in the home; that they can
be stored at room temperature should assist the
gommercial growth of freeze-dried foods in the
uture.

Conclusions

The history of the commercial growth of both
frozen and freeze-dried foods is shown in exhibit
94, and a comparison of the relative and absolute
growth for these innovations is summarized in ex-
hibit 25. As indicated above, the commercial
growth of frozen foods was relatively slow, requir-
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Exgreir 25. COMPARISON OF THE RATE OF COMMERCIAL
GrowTH FOR FrROZEN AND FREEZE-DRIED FoODS

Lapsed 2?:%% from commer-
cfal introduction (years)

Criteria for evaluation
Frozen foods | Freeze-dried
foods
Date of commercial introduction....cecacaaans 1926 1061

1 Adjusted to the 1057-59 index of wholesale prices.
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ing 9 years to reach a level equal to 0.02 percent of
GNP, and 26 years to attain 0.20 percent of GNP.
This slow rate of growth was attributable to two
factors—economic conditions during the 1930,
and the need for retail and consumer storage facili-
ties for frozen foods. However, since attaining
the 0.20-percent level, the frozen foods industry
has grown very rapidly. Where it required 27
years for output to reach a level equal to 0.20 per-
cent of GNP, only 5 more years were required to

reach a level of 0.50 percent of GNP and an addi-
tional 7 years to reach 0.75 percent of GNP.
Unfortunately, the commercial growth of freeze-
dried foods has not reached a point where com-
arisons of these rates of growth can be made.
reeze-dried foods did attain the lowest absolute
economic level ($50 million) in 4 years versus 10
ears for frezen foods, but because of the 36-year
interval betveen the introduction of the two inno-
vations, this comparison is somewhat meaningless.
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6. Major Technological Innovations in the Pharmaceutical Field

The study of recent major technological inno-
vations in the pharmaceutical field differs from the
other portions of this investigation since the ri-
mary impact of pharmaceutical innovations has
been more social than economic. Although the
pharmaceutical industry is not an_insignificant

art of our industrial economy (industry output
in 1964 exceeded $800 million), the social effects of
pharmaceutical innovations have far outweighed
this economic contribution. To a large extent,
the present concern for the population explosion
is a direct outgrowth of these technological inno-
vations: Antibiotics have reduced death rates at
all age levels and contributed to the ever-increasing
lifespan of our population; furthermore, they have
made important contributions to the general health
and well-being of thic country’s population, re-
sulting in such indirect benefits as greater overall
labor productivity due to fewer illnesses and a re-
duction in lost working time by members of the
labor force.

Two recent technological innovations in the
pharmaceutical field are of particular interest to
this investigation—vitamins and antibiotics. Not
only have these two products made important con-
tributions to the health of our country and of the
world, but together they comprise the major por-
tion of the output of the pharmaceutical industry.
Antibiotics accounted for approximately 60 per-
cent of total industry output in 1963, and vitamins
an additional 12 percent.

Vitamins

Vitamins are organic compounds that are a
minute but very essential part of everyone’s diet.
The existence and nature of vitamins was first
demonstrated in a medical study of beriberi in
1897 (see exhibit 26). The next step in the dis-
covery of vitamins occurred 15 years later, when
scurvy was found to be a disease caused by vitamin
deficiency. By 1927, it became clear that vitamins
played an important health role as further research
demonstrated a definite connection between vita-
min deficiencies and such diseases as rickets, pel-
lagra, and pernicious anemia. Most of the re-
search during this 80-year period was concentrated
on problems and diseases associated with dietary
deficiencies, with only a limited effort to develop-
ing answers to these problems.

BxEmIT 26. CHRONOLOGY OF THE DISCOVERY AND DEVELOP-
MENT OF VITAMINS

Basio Research and Investigation:

1897 : Bikman induced beriberi in chickens, restored them to
health by controlling their diet, and established the
concept of deficiency diseases.

1912 : Holst and Frohlieh produced and cured scurvy in
guinea pigs, thereby identifying foods containing anti-
scorbutic agents.

Incubation Period:

1918: The existence and effects of vitamin A were first
recognized.

1918 ¢ Mellanby determined that a vitamin was the effective
agent in cod liver oil that controlled rickets.

1922 : Vitamin B was first identified by Bvans and Bishop.

1924 : Investigators determined that the salutary effects of
sunlight on humans were due to formation of vitamin
D in the body as a result of ultraviolet radiation.

1925 : Goldberg demonstrated that pellagra was a deficiency
disease.

Commercial Development:
1026 : Jansen and Donath isolated Thiamine (vitamin B;),
the first vitamin obtained in pure form.
1927 : Minot and Murphy discovered that pernicious anemia
could be treated with large amounts of whole liver.
1930 : Pure vitamin D was isolated by several groups In Ger-
many and England.
1932 Ascorbic acid (vitamin C), the antiscurvy agent, was
isolated.
1933 ¢ The chemical structure of vitamin A was established.
1933 : Riboflavin was recognized as a vitamin (Bj).
1934 : Dam induced hemorrhages in chickens through lack of
vitamin Kj.
1936 : Vitamin B was isolated in a pure form.
Commercial Growth:

1937 : The approximate date when vitamin C, ascorbic acld,
was introduced commevcially.
Nicotinic acid (Niacin) was identified as the vitamin
involved in pellagra.
Vitamin Bs was isolated independently by five differ-
ent laboratories.
The chemical structure of vitamin B was determined.
Folic acid was discovered.
Vitamin Bs was synthesized.
Snell and Strong Introduced the microbiological
method for determining the vitamin content of foods,
replacing the crude and costly animal diet technique.
Vitamin K was isolated and chemically identified.
Snell demonstrated the existence of two other forms
of vitamin B,.
The nature of folic acid was established.
Vitamin B33 was Isolated.
The human ailment caused by lack of vitamin Bs was
established.
The chemical structure of vitamin B,z the most com-
plicated vitamin structure known to date, was
determined.

1937:
1938:

1938:
1938:
1939:
1939:

1940
1942:

1946:
1948:
1950

1956

The first vitamin was isolated in 1926 with the
discovery of vitamin B, the key to the control of
beriberi, after a 26-year search. The second vita-
min to be isolated, vitamin C, required 20 years of
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ExuiBIT 27, THE PACE OF VITAMIN RESEARCH

Vitamin compound Year search Number of

‘. began years to isolate

B L - 1897 20
1O 1012 20
¥, S 1913 20
Dacn._.. 1018 12
E..._. e ——— 1922 14
Niaein_.. eerneceetecacmee———— 1025 12
B 1927 21
......................................... 1034 ]
B - 1936 2

research. TFrom this point, the pace of research
and development in the vitamin field began to ac-
celerate rather rapidly (see exhibit 27.).

This acceleration can be attributed to two fac-
tors—the refinement of research techniques and
the commitment of more time and funds to the
task of isolating vitamins as their importance to
health became increasingly evident. However,
the time required to isolate some vitamin com-
pounds was also a function of their complexity,
the reason that 21 years was required to isolate the
most complex vitamin, B,,. After these vitamins
were isolated, additional time was needed to deter-
mine their chemical structure and discover how to
synthesize them before commercial production
could be undertaken.

The first commercial production of vitamins
began in about 1937, with the introduction of vita-
min C, and was followed 2 years later by niacin.
The commercial growth of vitamins has been less
than spectacular for three reasons:

1. The development of new vitamin compounds
has taken place over a long period of time.

2. Vitamin comgounds are relatively inexpen-
sive when produced in large quantities.

_ 3. The total per capita consumption of vitamins
is by necessity very low because daily requirements
are small,

_In combination, these factors place a very defi-
nite limitation on the potential size of the vita-
min market, and, therefore, on its past and future
rate of commercial growth.

Antibiotics

The role of bacteria in causing infection has
been known to medical science since the time of
Pasteur in the 1870', but very little work was done
on developing agents that would attack bacteria
within the body until the last 25 years. Most of
the earlier research was concerned with antiseptic
agents. Penicillin, the first antibiotic, was acci-
dentally discovered by Fleming in 1929, but the
publication of his results did not arouse interest
Tor another 10 years (see exhibit 28). This lack
of interest is particularly difficult to explain since
Fleming demonstrated that penicillin was not
toxic to human cells, whereas the antiseptics then

STUDIES: EMPLOYMENT IMPACT OF TECHNOLOGICAL CHANGE

ExuisIT 28, CHRONOLOGY OF THE DISCOVERY AND DEVELOP-
MENT OF ANTIBIOTICS

Incubition Period:

1929 : Sir Alexander ¥leming announced the accidental dis-
covery of penicillin and Its strong antibacterial
action.

1939 A group of investigators at Oxford undertook a study
of penicfllin.

Oommercial Development:

1940 : The Oxford group, headed by Sir Howard Florey,

succeeded in concentrating penicillin and demon-

strated its remarkable curative properties.
Oommercial Growth:

1941: After developing methods of production and extrac-
tion, Florey induced U.S. authorities to begin pro-
duction of penicillin.

1944 : Production of penicillin was still regarded as ex-
perimental, with nearly the entire output destined
for the Armed Forces.

1944 : Streptomycin was first identified.

1945 : Penicillin began to reach civilian markets.

1957 : Chloramphenicol, the first of the broad spectrum anti-
biotics, was identified and tested.

1948: Chlortetracycline (aurecomycin) was discovered and
tested,

1950 : Oxytetracycline (terramycin) was discovered.

1950 : Chloramphenicol was chemically synthesized.

1953 : Tetracycline (achromycin) became available, largely
replacing aureomycin and terramycin in medical
practice because it produced fewer side reactions.

in common use were even more toxic to human cells
than bacteria. .

Initial commercial development work on peni-
cillin was begun at Oxford in 1989, and withip
2 years it was in production. Much of the impetus
to its commercial development and growth was
%’rovided by wart'me requirements, and during

orld War II the Government purchased the
entire penicillin output of the pharmaceutical
industry.

Penicillin proved so effective as an antibiotic
that it spurred considerable research in this field
during and after the war. As a result, more than
500 antibiotic agents have been investigated in
depth, but only about 10 percent of these com-
pounds have proved suitable for clinical use, and
three—penicillin, dihydrostreptomyecin, and tetra-
cycline—account for the major portion of indus-
try output. Of these, tetracycline bas displayed
the most dramatic growth, reaching an output
level of $150 million within the fivst 4 years of its
introduction.

The commercial growth of antibiotics has been
much faster than vitamins, partially because its
commercial development and growth were largely
financed by the Federal Government, but more
importantly because antibiotics are considerably
more costly than vitamins. For example, the aver-
age price per pound for antibiotics was $301 in
1950 and $67 in 1964—approximately 10 times the
per pound cost of vitamins, However, antibiotics,
like vitamins, appear to have a ceiling on their use
(there being just so much disease in this country)
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ExmiIT 29. TaE EcoNoMic GROWTH OF TECENOLOGIOAL INNOVATIONS IN THE PRARMACEUTICAL IFIELD
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that limits the size of the market for these phar-
maceuticals.

Conclusions

A comparison of the rate of commercial growth
for both vitamins and antibiotics, as well as the
g}ll'owth of the entire pharmaceutical industry, i3
shown in exhibits 29 and 80. As suggested above,
antibiotics have had a considerably Faster rats of
commerecial growth than vitamins, principally be-
cause the size of the total antibiotics market has
been considerably larger. Both these innovations
reached a level of output equal to 0.02 percent of
GNP in 5 years, but antibiotics continued this
rapid growth, reaching a level of 0.10 percent of
GNP in 10 years. The output of vitamins has yet
to reach a level equal to 0.05 percent of GNP and

probably never will. This comparison illustrates
the importance of the total market in determining
the economic impact of an innovation-

Exureit 30. CoMPARATIVE RATES OF COMMERCIAL
GROWTH FOR ANTIBIOTICS AND VITAMINS

Lagsed time from commer-
cial introduction (years
Criteria for evaluation
Antibiotics | Vitamins
Dato of commereial introduetion...oomoocece- 1940 1937
‘Absolute economle criteria in output:
$50,000,000.c-cmcecceacnmccaaaaman 4 5
$100,000,000-—eccucncmmmam-smccaammmmmnaaaa. 8-
$250,000,000... —cceee 10 >28
Rel%tge economic criterls in percent of GNP: 5 5
008 T 5 >%8
0.10.. b (1 P,
0.16.-. - 3 [,

1Adjusted to the 1957-58 index of wholesale prices.




SR

!
l
!
l

7. Major Technological Innovations in the Transportation Field

The automobile and the airplane are particularly
fitting subjects for this investigation of techno-
logical innovations because perhaps in no other
area have advances in technology been more dra-
matic during the last 60 to 70 years than in the field
of transportation. The development of the auto-
mobile and other motor vehicles (trucks, tractors,
motorcycles, etc.) provided a personal mode of
transportation with unparalleled mobility and
speed, and at the same time brough many far-
reaching social and economic changes which have
created major problems in our society. For ex-
ample, the rapid growth of the suburbs with the
subsequent decline in urban populations and air
pollution by exhaust gases are both directly and
indirectly associated with the increasingly impor-
}:ia,nt role the automobile has come to play in our

ves.

The impact of the automobile on this country’s
economy 1s undeniable. Automobile manufacture
accounts for an important portion of the output
of the steel and flat glass industries, and it is a
significant consumer of plastics, aluminum
fai)rics, and other materials. Manufacturers of
motor vehicles and parts employ over 600,000 peo-
ple, and an additional 2,400,000 are employeg in
areas directly related to the industry ; for example,
iasoline and service stations and car dealers.

dded to this total are the many thousands of em-
ployees in industries su plying the auto industry
and its component suppliers with basic raw mate-
rials. Further, the petroleum industry owes its
growth and most of its present size directly to the
motor vehicle industry.” By virtue of its size (in
1964, industry cutput was $19.1 billion) the motor
vehicle industry has become one of the keystones
in our national economy.

In a similar manner, the development of the air-
plane as a means of public transportation is also
%roducing significant changes in our economy.

¥y increasing the speed by which individuals and
freight can be transported by a factor of 10 during
the Tast 40 to 50 years, the airplane has contrib-
uted greatly to the elimination of traditional
regional and national boundaries and has helped
foster the emergence of a truly national economy.
With the continuing development of larger capac-
ity high speed aircraft, another major new factor
is being introduced into the transportation econ-
omy of this country.

The aircraft industry has also become an im-
portant part of our industrial economy ; although
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not as great as that of the motor vehicle industry,
it is still substantial. The industry’s output, ex-
cluding military aircraft production, currently
exceeds $1 billion, and commercial airline revenues
are in excess of é3 billion. In terms of employ-
ment, there are over 400,000 workers in the indus-
try, excluding those engaged in missile and space
work, with an additicnal 200,000 employed in the
commercial airlines.

Motor Vehicles

The development of the automobile occurred
with the industrial revolution underway and at the
end of a century deeply involved in the develop-
ment and exploitation of any and all sources of
power—steam, hot air, ammonia, and later, gas,
oil, and gasoline (see exhibit 31). Power sources
were being used 1n stationary as well as mobile
applications, but the initial impetus was furnished
by continuing experimentation with various mobile
power sources, particularly the steam engine and
the resultant steam powered vehicles. Concepts
were evolved and mechanisms invented for the
steam-driven vehicle which were employed later
in the design of internal combustion engines and
the automobile. By 1850, steam engine design for
mobile application was at a technical plateau, and
interest and activity were being redirected to-
ward the development of smaller, more efficient
and safer engines.

Although the automobile is often looked upon
as a “tinkerer’s product,” the key to its develop-
ment actually lies in two scientific discoveries—the
definition of the laws of thermodynamics, which
permitted a more specific approach to engine de-
sign, and the development of processes to convert
coal to gas. The latter, plus the exploitation of

etroleum deposits in the United States for il-
uminating gas, provided a high-energy readily
available alternative to steam. ]Eargely because of
these events, a commercially successful gas engine
was developed by 1860, followed in 1886 by a four-
cylinder internal combustion engine.

Considering the interest in the internal com-
bustion engine, the incubation period for the auto-
mobile was quite long—17 years. Two technical
deterrents were largely responsible for this delay.
The first was that internal combustion engines, ini-
tially designed for stationary powerplant applica-
tions, were consequently too cumbersome and
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Exuieir 81. CHRONOLOGY OF THE DISCOVERY AND DEVELOP-
MENT OF THE AUTOMOBILE

Basic Rescarch and Investigation:

1680 : The first explosion engine (using gunpowder) with a
piston and cylinder was developed.

1690 : The first piston and cylinder steam engine was in-
vented.

1769 : The high-pressure steam engine was developed by
Watt using principles similar to those found in the
modern engine.

1770 : The first steam powered vehicle was developed by
Cugnat to pull artillery.

1821 : The steam powered vehicle was Introduced as a com-
mercial product.

1833 : Differential gearing was developed.

1844 : Goodyear patented the vulcanized rubber tire.

1845 Joule formulated a mathematical statement of the
first law of thermodynamics relating heat and
mechanical energy.

1851: A compressed gas engine ignited by a Jump spark
was patented.

1860 : Gas engine with an electric spark ignition three times
more efficient than steam engines was developed by
Lenois.

1866 : Otto and Langen perfected & successful two-cycle and
four-cycle gas engine,

Incubation Period:

1872: A two-cylinder engine using fuel oil was patented by
Brayton in the United States.

1880 : A gasoline engine was invented in England by Lawson,

1883 : Daimler developed and manufactured a high-speed,
self-ignition, gasoline-operated engine.

1887 : First car powered by the Daimler engine was manu-
factured.

1889 : The pneumatic tire was patented by Dunlop (Ireland).

1890 ;: Olds Gasoline Engine Works was organized.

Oommercial Development:

1892: The automobile chassis was designed by Levassor
(France).

1893 : Pontiac Buggy Co. was incorporated.

Oomme. cial Growth:

1895 : The first United States designed and manufactured
automobile was marketed.

1897 : Olds Motor Vehicle Co. was organized.

1899 : The first factory for the exclusive production of auto-
mobiles was bualt.

1902 : Cadillac Motor Co. was organized.

1903 : Buick Motor Co. was organized.

1903 : Ford Motor Co. was established.

heavy to be used as mobile powerplants. The sec-
ond Iay in the very complicated flame ignition sys-
tem used on internal combustion engines which
were unable to achieve the high rate of rotation
required for motor vehicle applications. These
%roblems were resolved 1 1883 when Daimler in
ermany developed and patented an internal com-
bustion engine with the gesired characteristics.
The subsequent period required to develop a
satisfactory commercial motor vehicle engine was
very short. In France, less than 4 years elapsed
between the development and application of Da.im-
ler’s high-powered internal combustion engine to
an automobile for commercial production. By
1890, France’s automobile industry was well es-
tablished and in production. The establishment
of the automobile industry in this country lagged
behind France’s by about 10 years, since much of
the experimentation in motor vehicles was being
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undertaken by individuals and small firms with
very little knowledge of the progress being made
in Kurope. Surprisingly, initial commercia] inter-
est in the automobile was shown by bicycle manu-
facturers, at that time a growing industry, who
were among the first to produce electric and gaso-
line powered cars.

With the commercial intr. laction of the auto-
mobile in 1895 by bicycle manufacturers, carriage
and wagon manufacturers also logically entered
the business. By the turn of the century, a number
of firms were actively engaged in manufacturin
automobiles, and a variety of steam, electric, an
gasoline powered cars were being produced. As
the industry grew, a split between the high-priced
and low-priced cars developed which climaxed
with the introduction in 1908 of Ford’s Model T
and the formation of the General Motors Corp.
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