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SUMMARY OF OBJECTIVES, METHODOLOGY AND CONCLUSIONS

A. Objectives

Our overall objective was to analyze the manpower and skill
impact of technological change. The specific objectives of the
present phase were:

1) to apply the skill-profile methodology developed in the course
of previously reported pilot investigations to direct labor in
further types of technological change, thereby enlarging the
available data base and permitting more positive conclusions to
be reached;

2) to extend the methodology and/or modify it to obtain parallel
data for indirect labor in a subset of the processes studied;
and

3) to provide an overview of the manpower demand pattern indicated
by the data and draw conclusions relative to manpower policy.

B. Methodology

1) Outline of the "skill profile" method

The basic conceptual tool used is the "skill profile". This
is the distribution of total manhours required to produce a unit
product (or service) along the scale from least to most highly-
skilled labor. A suitable basis for the construction of such skill
scales has been established using skill factor scores derived from
job evaluation schemes used in most industries.

Unlike headcounts, comparison between skill profiles of
newer and older processes permits statistically controlled conclu-
sions to be drawn concerning tht impact of technological change on
manpower and skill requirements, provided that precautions are taken
to control the effects of the following factors: (i) processes to
be compared must be matched for the nature and quality of their
material inputs and outputs; (ii) they must be in a steady state to
avoid contamination by transiently increased manhour and/or skill
requirements due to process development, debugging, etc.; (iii) or-
ganizational differences between firms must be controlled by repli-
cating each comparison in at least two firms.

Given these controls, paired comparisons of the manpower and
skill demand pattern before and after a specific technological ad-
vance can be made fully quantitative by the statistical technique of
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analysis of variance. The effect of central interest in the present
study was the (skill level X technology) interaction which was
tested for significance against the residual variance in the (skill

level X technology X firm) interaction term. When the variance
ratio was significant at a selected confidence level, it was in-
ferred that the observed change in skill profile had been caused by
the technological change studied.

2) Selection of further direct-labor case studies

The skill profile method which had previously been developed
for direct labor only in the pilot investigations of selected tech-
nological changes in commercial banks, the steel industry and the
aerospace industry, was applied in further direct-labor studies on
technological changes in electricity generation, oil refineries, air
separation, and airline passenger reservation systems. As before,
these cases were each selected as being typical of a large class of
similar technological changes in the same and other industries. In

each case a fairly recent and pronounced technological advance had
become stabilized and was deemed likely to replace the older tech-
nology in the near future.

3) Extension of the "skill-profile" method to indirect labor

Preliminary assessment of the applicability of the same
method to indirect labor pointed up a number of difficulties which
had to be resolved before data collection could begin. The most
troublesome of these concerned the identification of the indirect
labor force. While direct labor can be identified through its
physical proximity to a process, indirect labor is less well de-
fined. A criterion of "process relatedness" was finally adopted,
only those functions being included whose withdrawal would cause a
rapid decay in process performance. Using this criterion, it was

found that indirect labor could be traced and allocated to unit pro-
duct. This led to the inclusion of maintenance and first level
supervision, planning and scheduling, and to the exclusion of tech-
nical and research personnel and higher management. In conventional

usage these are generally considered overhead functions.

Certain practical difficulties were encountered in acquiring
data for indirect labor skill profiles. Records broken down in
sufficient detail to allow the accurate allocation of manhours to
unit product were only infrequently available, and retrospective
breakdowns of data were found liable to introduce significant dis-
tortion. Also job evaluation for indirect labor and reconciliation
to derive joint skill distributions sometimes presented problems.
Nevertheless, the feasibility of applying the skill profile method
to indirect labor was established, and complete (direct + indirect
labor) profiles were obtained for a sizeable subset of the total
case-study complement.

10



C. Limitations and Sources of Uncertainty

1) Incomplete indirect labor data

By far the largest source of uncertainty encountered in
interpreting our overall results arose from the very incomplete
coverage of indirect labor which we had been able to acquire with-
in the time and resources available. It has become clear from the
studies completed on a pilot basis that direct labor data taken
alone yield a misleading picture of the overall manpower and skill
impact of a given technological change. It has therefore been
necessary to emphasize conclusions based on total data where these
were available, even though for lack of replication they were not
tested for statistical significance. A very modest further research
effort would suffice to round out and substantiate the present con-
clusions by completing the 18 comparisons undertaken.

2) Variable efficiency of manpower utilization

Certain other disturbing factors could not be fully inves-
tigated within the constraints of time and research effort available.
Of these the most important was probably the relative effectiveness
of manpower utilization across processes and technologies.

In certain cases it was evident that processes were over-
manned, in the sense that reducing the complement of some or all
skill levels would be likely to cause little or no decline in out-
put. In these cases there is a significant potential for increased
labor productivity without further technological change, obtainable
by taking up what we have termed "organizational slack". Manpower
forecasts predicated on the existing deployment of manhours and
skills by process and technology (i.e., based on observed skill
profiles) are therefore likely to err on the side of overestimation
of future manpower demand. This under-utilization of manpower pro-
bably declines with the time for which a given technology level has
been established. Since in our cases the newer technology had
generally been operating for only a comparatively short time (2-3
years), our estimates of the change in manpower demand might be
expected to err on the low side. Despite this factor we observed
statistically significant changes in the majority of cases. (See
Table 8.8)

3) Lack of comparability of iob evaluation scores across

industries

In drawing conclusions we needed to standardize the scales
used for grouping skill levels and constructing skill profiles.
Since, however, every industry uses its own rating scheme, the skill
scales used were different for the set of processes studied within
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each industry. This not only precluded direct cross-industry gener-
alization but called for considerable caution in comparing the sizes
of the change in skill level due to technological advance in one
process relative to another. What appears as a small change on one
skill sc'le may be equivalent to a much larger shift on another.
At a later stage and after some experimentation, we therefore adopted
a system of bench marks obtained by comparison of selected job des-
criptions across industries (see Appendix G). This led to "common
denominator" scales making skill profiles broadly comparable. Con-

siderably more effort than we could afford would have been needed
to establish a fully standardized universal skill scale.

D. Substantive Conclusions on the Manpower and Skill Impact of

Technological Change"

1) Technological changes studied

The following cases have been examined:

1. Application of stored-program digital computers, magnetic tape
data storage, and machine readable data coding, to commercial
data processing

Process Studied: Check Processing and Account Posting

Industry: Commercial Banking

S.I.C. No.: 6022, 6025

2. Replacement of batch by continuous processing of bulk materials
with analog automatic control

Process Studied: Annealing, Galvanizing, and Tinplating Steel
Strip

Industry: Steel

S.I.C. No.: 3312

3. Application of automatic digital pre-programming and analog auto-
matic control techniques to cutting, shaping, and forming three-
dimensional solid components.

Process Studied: Production of Complex Aircraft Parts

Industry: Aerospace

S.I.C. No.: 3722, 3723

*
This section integrates the results obtained in the present phase

of the research with those obtained earlier (Ref. 1).

iv

19



4. Application of pre-programmed digital data storage, information
processing and transmission to systems meeting geographically
widespread demands for service occurring at random in time and
space ("random demand real time services")

Process Studied: Airline Passenger Reservation System

Industry: Air Transportation

S.I.C. No.: 4511

5." Application of stored program digital computers to online
monitoring and integrated control of continuous production
processes previously under conventional (analog) automatic
control

a) Open-loop (computer used for data logging, monitoring,
annunciation and performance calculations)

Process Studied: Electricity Generation (thermal)

Industry: Electric Utilities

S.I.C. No.: 4911

b) Partially closed-loop (computer controls some but not all
of the process variables)

Process Studied: Hydrocarbon Cracking (oil refinery)

Industry: Oil Industry

S.I.C. No.: 2911

c) Fully closed-loop (computer controls all process variables)

Process Studied: Air Liquefaction and Separation

Industry: Chemical Industry

S.I.C. No.: 2813

6. Centralization of manual control over manufacturing and service
processes by the use of remote sensors and status indicators,
analog data transmission, and remotely actuated control elements

Process Studied: Electricity Generation (thermal)

Industry: Electric Utilities

S.I.C. No.: 4911

Each of these changes may be taken as typical of a fairly wide range
of similar technological changes occurring in the same and other
industries and services, and together they represent a substantial
fraction of current manufacturing and service industry.

*On closer examination of this type of technological change it be-
came clear that we were dealing with three distinct subtypes, and
hence that a single sample would not validly represent the popula-
tion of computer controlled processes.

v
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Six out of the eight types of technological change involved
digital computer applications, five (#2, 3, and 5a, b, c) involved
analog automatic control, and all involved electrical, pneumatic or
or other forms of automatic data storage and transmission. However,
none of them involved major increases in the application of mechan-
ical power to replace human muscle power. This concentration on
partial automation rather than primary mechanization (advanced in
mechanical memory, data transfer and data processing as against
further application of mechanical motive power) fairly represents
current trends in production and service technology. With the
possible exception of agriculture it would have been difficult to
find significant case material falling into the class of primary
mechanization. However, full automation (leading to unattended
operation) was only encountered in one case (5c).

2) Labor Productivity

a) Direct Labor (18 comparisons covering 8 types of tech-
nological change)

Labor productivity increased in 72% of cases, and re-
mained the same in 28%; direct labor productivity was not reduced
by any of the technological changes. The largest increase noted was
+1,850% of the pre-change productivity, but this was exceptional
and normal increases ranged from +25% to +275%. Computer process
control was anomalous in that installation of partial computer
process control produced no productivity gain, whereas installation
of full computer process control (unattended operation) produced a
very large gain.

The greatest gains were recorded in those cases where
the pre-change technology required the greatest amount of direct
human intervention in the process.

b) Total Labor (direct + indirect; 8 comparisons covering
6 types of technological change)

In most cases (88%) inclusion of indirect labor data re-
duced the productivity gains computed from direct labor alone, and
in two types of technological change the result emerged as a small
net reduction in labor productivity (-2% to -10%). This dilution
was most evident in manufacturing processes with large engineering
maintenance requirements. Here the proportion of indirect labor
tended to increase with technological change.

*Primary data on which these conclusions are based is presented in
Table 8.1, p. 146.

vi
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c) Absolute versus Marginal Labor Productivity

Several sets of data pointed up the need to distinguish
between elastic and inelastic components of the labor force on a
given process. As a general rule, partially but not fully auto-
mated technology, representing the great bulk of post-change pro-
cesses,shoNs large marginal but modest absolute labor productivity.
However, the one fully automated process studied (#5c; air-separation)
showed both large marginal and large absolute productivity increase.

The former case may be described as "labor-static" and
is a condition which many important industries have apparently al-
ready entered. The latter, "zero-labor," condition still constitutes
an insignificantly small, though growing, proportion of actually
operating processes in the industrial sector. The rate of spread
of labor-static and zero-labor processes warrant special study in
relation to future manpower policy.

d) Comparison between Organizations

There was substantial variance between organizations in
productivity gains recorded due to identical (or near identical)
technological changes. This appeared to be associated mainly with
the organizational efficiency with which both older and newer pro-
cesses were exploited and partly reflects the timing of the change-
over in individual organizations, since later adoption of a new
technology tends to go with more efficient deployment of the labor
force.

Changes in skill profile

a) Overall Statistical Significance

The limited amount of indirect-labor data that could
be acquired within our resources unfortunately did not permit sta-
tistically controlled comparisons between pre-and post-change skill
profiles for the total process related work force. However, analysis
of variance of direct-labor manhour demands by skill level showed
highly significant change of skill profile in 2 of the 7 types and
subtypes of technological advance for which analyses could be com-
pleted, slightly to moderately significant changes in '3 more, and
complete lack of change in the remaining 2. In one of these cases
(airline reservations) the low level of confidence was apparently
due to large error variance rather than to small changes in skill
profile. The skill profile change due to the eighth technological
change (computer-controlled air separation) was large, but could not
be statistically tested for lack of a second organization in which
to replicate the study. This result would almost certainly have
been highly significant, so that overall more than 1/3 of the cases
yield strong evidence that technology has an impact on skill level.

v115



b) Changes in Mean Skill Level'

0 Direct Labor (18 comparisons, 8 types of technolo-
gical change)

Mean direct labor skill levels increased in 50%
of individual comparisons, remained unchanged in 33%, and declined
in 17%. Averaging over types of technological change, 4 out of 8
(50%) showed increases, 2 were unchanged, and 1 (12%) showed a
decrease. In the remaining case, direct labor had been eliminated,
so that the post-change directlabor skill level did not exist.

The largest increase in skill level (+70%) was re-
corded in moving from decentralized to centralized control of large
process plant. The next largest increase (+20%) occurred in moving
from batch to continuous processing of bulk materials. The single
small decrease (-6%) was recorded in numerical-control machining.
Taking these results together, our direct-labor data thus supports
the widely held view that technological advance tends to increase
skill demand.

ii) Total Labor (direct + indirect; 5 comparisons
covering 5 types of technological change)

The mean post-change skill level computed for the
total process-related labor force was increased in 2 out of 5 cases (40%)
and reduced in 3 out of 5 (60%). Thus on the (admittedly inadequate )

data available the above statement must be reversed, and the final
conclusion drawn that on the average technological change tends to
decrease the skill demanded of the process-related work force in manu-
facturing and service industry.

Except in one case (the computerization of check
processing in banks) skill increases observed in the direct labor
force were largely cancelled out by decreases at indirect labor
level. The most striking instance here was centralization of pro-
cess-control where a direct labor skill level increase averaging
+70% was converted to a net decline of -6% by including indirect
labor.

It seems that marked increases in overall skill
level are associated with technological advance only in the service
sector, where indirect labor demands are relatively low. In the
manufacturing sector the pattern is rather one of changing the

Data summarized in Table 8.2, p. 160.

Limited resources precluded acquisition of indirect labor data in
the remaining 13 cases. Collateral evidence cited in Chapter 8
supports the present conclusion.
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distribution of a more or less constant set of skill levels among
the various directly and indirectly process-related roles.

c) Impact of Technological Change on Specific Skill Levels

The changes in productivity and in mean skill level
summarized above were the aggregate consequences of a complex pattern
of changes in the skill profiles of the various processes. Certain
of these more detailed observations are summarized here.

i) Lower skill levels ("unskilled labor")

Only 28% of the pre-change processes required 1/10
or more of their direct labor force at lower skill levels, and the
post-change proportion declined to 17%. Put another way, a pre-
change average of 7.4% of the labor force classified in lower skill
levels was reduced to a post-change average of 4.1%. But in the 8
cases for which indirect labor data was available the net swing
appeared much smaller, and there was only a very small (0.1%) and
certainly insignificant swing away from lower skill levels. Thus
we must conclude that "unskilled" labor continues to account for
about 5% of the total process-related labor force despite major
technological change in the processes Studfed.

In absolute terms there was a decrease in lower
skill requirements evaluated per unit of product or service.

ii) Medium skill levels ("semiskilled labor")

The processes studied varied widely in the pre-
change proportion of middle-level skills required, and showed either
no change or a decline in this direct-labor skill component.

However, the addition of indirect labor again diluted
the result, for 2 out of 8 (25%) of the comparisons showed post-
change increases in the proportion of medium-skilled workers in the
labor force, and the overall average result was a quite insignificant
decline of -0.6%. Thus we conclude that technological change has on
the avera e no effect on the ro ortion of medium-level skills in
the total process-related work force.

Again, this unchanged proportion is consistent with
the fact that due to productivity increase, there was a decline in
absolute medium-level skill demand per unit product. A tendency to
shift medium-level skill demands from direct into indirect labor
accounts for the apparent dilution of the direct-labor observations.

Data summarized in Tables 8.3 - 8.6, pp. 161-163.
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iii) Higher skill levels ("skilled labor")

The pre-change direct labor demand for higher-
level skills varied from 100% to 0% of the labor force. In all

cases the post-change demand was increased, generally in amounts
exactly matching the decreases observed at medium-skill levels.
Here again the inclusion of indirect labor changed the picture very
markedly, again leaving little or no change in the proportion of
higher-skilled labor, due to technological change for the total
process-related work force.

The unchanged proportion of the total labor force
at higher-skill levels together with higher productivity reflects a
small but definite average reduction in higher-skilled manhours per
unit product.

In this case it seems that there has been a ten-
dency to shift highly skilled labor out of the indirect into the
direct labor work force. This broadly indicates the use of small,
versatile highly skilled direct operating teams instead of larger
less skilled crews, with a corresponding reduction in required
maintenance and supervisory skills.

4) Impact of technological change on work force educational
levels*

With the one exception noted below, the newer technology
required a better educated labor force than the old in each case,
though differences were small, and the general nature of the pro-
cess had more effect than the technological change inself.

Specific educational requirements by process are discussed
in the relevant chapters and in Section 8.4.

E. Policy Implications

1) Structural unemployment due to technological change, short-
term training and retraining

The view, at one time widely expressed, that automation (and
by extension technological change in general) cause increased skill
demand finds no support in our data. We infer that while structural
unemployment (in a carefully defined sense; Chapter 9) may be a real

phenomenon, it is not primarily due to technological progress. In the

light of this result, active short-term government intervention in the
labor market by way of training and retraining schemes designed to
bring the supply of skills into line with changed demand, cannot be

Data summarized in Table 8.7, p. 168.

x
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justified by reference to technologically induced changes on the demand
side of the labor market.

2) Long-term training and education for advanced technology

It appears from the pattern of results together with collateral
qualitative data obtained from management and previous literature, that
the extent and pace of technological change is constrained by manpower
supply considerations, rather than the reverse. This implies that
promising new industrial and service developments are being postponed
or abandoned as infeasible due to (long term) lack of adequate man-
power supply. It appears that the most critical shortage is at the
level of routine operation and maintenance, where planners cannot
count on a continuing supply of skilled personnel familiar with the
newer technologies based on analog and digital information, storage,
programmed processing and automatic control. Private industry appears
unable or unwilling to implement long-term training programs geared to
supply this type of worker in sufficient numbers, and promising techno-
logical developments are therefore stillborn.

We recommend that consideration should be given to government
support for longer-range training programs of apprenticeship type,
intended to train labor force entrants in modern production and service
technology as applied in specific industries, with the objective of
removing manpower supply constraints on the exploitation of high-
production technology by providing a steady supply of highly qualified
operating and maintenance personnel for potential new processes.

3) Impact of laborstaticity and reduced labor elasticit on

full employment policies

Our case-study data, supported by other previously published
case studies, indicate that technological advances tend to displace labor
from direct production roles. The substitution of indirect for direct
labor causes a greater decline in marginal than in average labor require-
ment per unit product. This in turn causes loss of short-term labor
elasticity with respect to demand or production, and in the case of
full mechanization with partial automation, the result is labor-
staticity, i.e. short-term (1-3 year) unresponsiveness of employment
to changes in demand for the product.

Examination of aggregate production/employment series for the
industries in question, and for other industries, supports this conclu-
sion and suggests that about 41% of a sample sector of the labor force
for which data were readily available (total employment 13.5 M.), was
employed in laborstatic industry in the period 1957-63. Laborstaticity
appears to be concentrated in consumer nondurable industries and in
highly organized bulk services. Little or no data is currently avail-
able on the rate of spread of laborstaticity.

xi
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This development renders it essential to consider the differ-
ential short-term employment impact of increases (or decreases) in

demand by specific industrial sector as a function of their technological
status, when contemplating the use of fiscal or monetary adjustments
intended to secure near-full employment, or control inflation.

Further study of existing data will be required to provide the
complete analysis of labor elasticity needed to permit confident pre-
diction of the employment consequences of specific patterns of demand
by industry. Longer-range projection of the potential effects of labor-
staticity would entail fuller investigation of its underlying techno-
logical and organizational causes.

xi i
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CHAPTER 1: INTRODUCTION AND OUTLINE OF PREVIOUS RESULTS

The research reported below represents an expansion and de-
velopment of earlier work by the present authors repori3d in October
1966 under the title "Evaluation of Changes in Skill Profile and
Job Content Due to Technological Change: Methodology and Pilot
Results from the Banking, Steel and Aerospace Industries" (1).
The overall objectives and rationale of the research program were
set forth at length in Chapters 1 and 2 of that document and will
not be repeated in detail here. However, a brief review of its
background and purpose is given for the convenience of the reader
unfamiliar with the previous report.

1.1 Structural Unemployment and the Skill Demands of Newer Processes

At the time the research program was initiated (1964), a debate
was in progress between the "structural" and "deficient aggregate
demand" schools of thought on unemployment. The question was whether
the levels of unemployment current at that time, persistently aver-
aging about 6% of the participating labor force and judged unduly
high, could be explained entirely by deficiencies in aggregate de-
mand, or whether structural factors in the labor market were also
preventing full employment. Proponents of the structuralist view
claimed that lack of adequate skills to cope with the (supposedly)
increased demands of the newer highly-mechanized and automated tech-
nologies was a major new factor preventing normal operation of the
labor market, and thus producing persistent underfull employment.
It was held that economic policy should take explicit account of
this factor. No conclusive evidence was however adduced to confirm
the structuralist hypothesis, which perforce remained one of several
competing explanations for the aggregate statistical unemployment
experience of the nation.

We initially set out to prove (or disprove) the hypothesis
that automation and technological change impose increased skill
demands on the secondary and tertiary sectors of the economy, that
is the manufacturing and service industries labor force. Our pilot
results, reported in 1966, were positive, i.e., showed mean increases
in skill level, thus supporting the structuralist position, and
extended results in the present report confirm and strengthen this
outcome.

Meanwhile, the structuralist view has been strongly reinforced
both by the subsequent behavior of the U.S. economy, and by the
results of direct "subemployment" surveys by the U.S. Department
of Labor, Bureau of Labor Statistics.
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1.1.1 Unemployment history during the current period of economic

growth

National unemployment experience during 1960-1968, graphed in
Figure l.l,strongly indicates the existence of structural factors
preventing full employment. The steady downward trend in 1964
and early 1965 was halted around the 3.5-3.8 % level, and despite
economic boom conditions accompanied by a degree of inflation, has
not broken this barrier. Overall employment has not reached the
98.5-99 % level that would be the characteristic result of strong
demand operating on a labor market unconstrained except by local
frictional factors, as seen in several European countries. In view
of this experience, and after taking due account of the uneven dis-
tribution of unemployment over the participating labor force, it

seems no longer possible to entertain "deficient aggregate demand"
as a complete explanation of persistent unemployment, though aggre-
gate demand is obviously a major influence; some of the hardcore
unemployment, affecting perhaps 2 or 3% of the total labor force,
must be due to structural factors.

1.1.2 Sub-employment surveys

The result of studies reported by the U.S. Department of Labor
in 1967 (2) also provide direct evidence of structural factors and
give some indicatior of their quantitative significance. Examina-
tion of 1965-1966 data for the 20 largest U.S. metropolitan areas
including about 1 million of the total unemployed, showed wide
variations (2.7-6.0 %) in average unemployment rates with the unem-
ployment rate for nonwhites 3 of more times higher than that for
whites, and even higher for nonwhite teenagers. These rates had
been estimated from sample surveys based on the traditional defini-
tion of unemployment as "not working but actively looking for work."
Intensive surveys of subemployment made in November 1966 in ten
slum areas of eight major cities used a broader definition including
those working part-time but looking for full-time work; those earning
less than $60.00 per week; those able to work but not actively seeking
employment; those (mostly males) "unfound" in these and earlier sur-
veys. The results showed subemployment rans ranging from 24.6%
(Roxbury Area, Boston) to 47.4% (East and West Sides, San Antonio),
with a mean rate for ten areas of 33.9%. While this indicates the
existence of a more serious problem than had been believed to prevail,
more important in the present context are the direct explanations
given by the unemployed or subemployed for their condition. 43.9%
indicated a lack of necessary education, training, skills or experience
and 17.4% reported age as a barrier to employment (too young or too
old). Employment Service analyses and a Milwaukee study by profes-
sional caseworkers and guidance counsellors also point to 30.50 %
of the unemployed as being handicapped by lack of skill. Other
personal factors found to be significant causes of subemployment
were criminal records, health problems and transportation problems;
in the November 1966 survey only 17% reported that no jobs were
available. A Philadelphia comparison of job vacancies with unemployed
points up the situation.

00
cr
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Slum Unemployed Citywide Vacancies

White Collar 15% 38%
Craftsmen 15 23

Operatives 11 21

Laborers 26 5

Service 23 13

Never Worked 22

These results, albeit covering slum areas only, remove all doubt
that deficiencies of skill are a major factor responsible for un-
employment.

1.1.3 The how and why of structural unemployment

Given this conclusion, the important question remains to which
of the many possible structural factors one should assign major res-
ponsibility for underemployment. Plausible contenders apart from
skill deficiency are geographical immobility; lack of transportation;
age distribution and the reluctance of employers to hire older workers;
racial discrimination. Skill level shortcomings may be variously
associated with inadequate and incompleted education, lack of training
or work experience in relation to job demands, or a combination of
some or all of these factors.

While each of these and perhaps other structural factors no
doubt affects the aggregate statistical situation, previously pub-
lished discussions (Refs. 3,4) have postulated that the skill de-
ficiency group of factors is the major one at the present time,
and assigned the major share of its genesis to progressive tech-
nological change causing "phase-out" of previously serviceable
general laborer skills.

The data cited above only reveal the importance of skill de-
ficiency as a cause of subemployment, they do not assign reasons
for the lack of job opportunities at the unskilled and semi-skilled
level. Without further data we cannot confidently link the problem
of subemployment in the slums and elsewhere to the characteristics
of modern technology and automation, plausible though this inference
may seem. The objective of the present research, to obtain direct
evidence that the current pattern of technological change entails
skill upgrading, therefore takes on new significance as the last
link in a chain connecting macroeconomic experience in the national
labor market to technological progress in the nation's industries
and services. This objective retains its importance and is even
reinforced by macroeconomic events that were confidently expected
in early 1966 to enforce rejection of the structural hypothesis and
with it the problem of changing skill demands.

1.2 Outline Objectives and Results of Phase

At the outset of the research we undertook an analysis of the

23
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methodological prerequisites for acquiring valid evidence of changes
in skill demand due to technological change (see Chapter 2 below),
concluding that few if any previous observers had succeeded in con-
trolling (in the statistical sense) enough of the potentially dis-
turbing factors to permit them to draw unequivocal conclusions on
the impact of technological change on skill demands. As an initial
objective we set out to design and conduct pilot case studies that
would meet all the requirements determined by our methodological
analysis.

More recently we have applied the resulting criteria and data
processing procedures to a number of studies reported in the earlier
literature. While all of them were deficient in one or more aspect
of methodology they nevertheless contained data which could be
transformed into the format needed to provide reasonably valid
indices of skill impact for various technological changes in dif-

ferent sectors of modern industry (Ref. 9). While these were some-
times at variance with the original authors' conclusions, the general
impression derived from some 10 specific cases was of a distinct
upward shift in skill level accompanied by a marked increase in
productivity (i.e., reduction in total manhours per unit product).

Our own early case studies were selected to represent certain
important types of advance in production technology, viz., elect-
ronic data processing, flow processing of bulk materials, and nu-
merically controlled machine tools. We were able to overcome several
initial difficulties in implementing the necessary statistical con-
trols, and obtained fully quantitative results from two organizations
for each of the three process types. Results were expressed as
"skill profiles," i.e., labor requirements expressed in manhours
per unit product, broken down by skill level. With these data in
hand before/after comparisons were drawn on labor productivity,
mean skill level, and various other indices regarded as supplementary
or subsidiary, viz., mean education level, mean job experience, etc.

As had been expected, the direct labor skill profiles thus
derived all showed major reductions in per unit manhour require-
ment due to technological advance, i.e., increased labor produc-

tivity. Mean skill levels were also found to have increased to
a modest but statistically significant extent in all cases, except
in the last named case (numerically controlled machining) where
there was a significant decrease. However there was little sign
of an absolute increase in higher-level skill requirements per unit
of output in any of the cases.

In three out of four processes studied it was also possible
to forecast overall future manpower requirements by skill level

for the U.S.A. This was done by using data on the rate of diffu-
sion of each process, combined with our skill profiles. The reader
is referred to Reference 1 for a full quantitative statement of
the results obtained in case studies A through C.

At the conclusion of the initial phase of the research, there-
fore, we possessed a clear definitive picture of the pattern of
change in skill demands attributable to three major and widely

2
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diffused types of technological change, each conclusion being derived
from a single well-controlled sample study.

The present phase of the study is concerned with two issues.
First we wished to extend the previous results to include indirect
labor, thus completing the methodological development,and demon-
strating the feasibility of fully quantitative estimates of the
manpower impact of technology; and second, we sought to expand the
range of technology types studied, to permit more generalized sub-
stantive conclusions on the actual historical impact of currently
ongoing technological advance.

The first of these issues is covered in Chapters 3 and 4, and
the second in Chapters 2 and 5-7. The overall conclusions from
the research are presented and discussed in Chapter 8.
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CHAPTER 2: PROCESS TYPES, SELECTION OF CASE MATERIAL, AND

GENERALIZATION OF RESULTS

2.1 Statistical Basis of the Sampling Procedure

Since the purpose of the research was to assess the impact
of technological change on skill levels, education and experience
required of the manufacturing (secondary sector) and service (ter-
tiary sector) industry work force, and since we planned to use a
microeconomic or case-study approach, the selection of suitable
case material was one of our major concerns in this research. In

deploying severely limited resources we decided that most informa-
tion would be gained by exhaustive analysis of the effects of tech-
nological change in a number of specific but widely different pro-
cesses. Each process chosen for study was therefore selected to
represent as broad a range of currently ongoing technological advance
as possible and hence to permit as wide generalization as possible
from the strictly limited number of data points that could be se-
cured.

In statistical terms this procedure is one of estimating the
characteristics of a population by inference from a small sample.
While in certain cases the proper procedure to secure an unbiased
estimate is random sampling, i.e., choosing the case material by
means statistically independent of the data obtained, this rule
does not appear to apply to the present problem. The reason is
that we already possess a great deal of information about the charac-
teristics of the population of processes, enough to classify them
into a number of groups on criteria likely to be correlated with
the variable under study. Maximum information gain from a given
number of case studies therefore calls for sampling as many such
groups as possible and restricting the conclusions to the set of
groups which have been sampled. As shown by previous field studies
the main characteristic of a given process likely to affect the
skill impact of technological change is not the industry or service
in which it is located, but the nature of the technological change
itself. Thus an important preliminary to selecting case material
is the setting up of an inventory or taxonomy of process types with
a number of instances of each. Ideally, one would then choose at
random a single instance from each category, and continue until
either resources are exhausted or the observed results showed enough
agreement to permit inferring that the variable studied is uncor-
related with the criteria used for setting up the inventory.

There are many types of processes and technological changes
that are common to several industries; for example, conventional
metal-cutting machine tools and their numerical control successors
are used in the aerospace, automobile, heavy and light electrical
equipment, and other industries; mechanical and subsequently



electronic data processing is used in commercial banks, government,
military, insurance, transportation, retail trade. Ideally one
would select a random instance of each type from a list of such
common cross-industry process types. However, no inventory or taxo-
nomy of processes was initially available to guide the selection,
and ensure that it would be truly representative. Since we could
not afford to compile such a taxonomy explicitly, we fell back on
general knowledge and experience of industry acquired during previous
field studies, together with perusal of the current technological
literature to guide our selection of case material, with the results
given below.

2.2 Selection of Previous Case Studies

The results outlined in Chapter 1 above covered the following
three types of advance in industrial and service technology:

Technological Change 1: Application of stored-program digital com-
puters, magnetic tape data storage, and
machine readable data coding, to commercial
data processing.

Specific Case Studied: Check Processing and Account Posting
Industry: Commercial Banking--S.I.C.* #6022 and 6025
Results apply to similar technological changes (E.D.P. Applications)
in:

Federal and State Government
Insurance
Consumer Credit Services
Retail Trade and Marketing
Sales Organizations
Stock Control, Payroll Accounting, Production Planning and

Scheduling in Manufacturing Industry
Military Logistic Services
Industrial and Scientific Research Organizations
Health and Welfare Services

Technological Change 2: Replacement of batch by continuous proces-
sing of bulk materials, with analog auto-
matic control.

Specific Case Studied: Annealing, Galvanizing, and Tinplating
Steel Strip

Industry: Steel--S.I.C. #3312
Results apply to similar technological changes in:

Nonferrous Metal Industries
Some Types of Mining

Department of Commerce Standard Industrial Classification (1967
Revision).
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Paper and Pulp Industry
Chemical Industry
Oil Industry
Printing and Publishing
Cement

Technological Change 3: Application of automatic digital pre-pro-
gramming and analog automatic control tech-
niques to cutting, shaping and forming
three-dimensional solid components.

Specific Case Studied: Production of Complex Aircraft Parts
Industry: Aerospace--S.I.C. #3722-3
Results apply to similar technological changes in:

Automobile Industry
Electrical Equipment Manufacturing
Shipbuilding

On analyzing further instances of these three types of tech-
nological advance occuring in the different manufacturing and ser-
vice sectors of the economy listed above one might plausibly expect
to find changes in skill profile and mean skill level similar to
those observed in the sample instances and reported below. Our
conclusions therefore cover a significantly larger part of the total
labor force than might be thought from the limited number of case
studies.

This line of thought is not developed in detail here and its
definitive implementation will entail a significant effort in iden-
tifying and listing similar process types in the different indus-
tries and sectors of the economy such as those tentatively listed
above. Each of the three studies should be regarded as an indicator
for a much larger population or family of related economic activities,
in all of which one might expect to find similar changes in skill
level and skill profile as technological advance proceeds.

2.3 Selection of Present Case Studies

In order to extend the coverage of technology types as widely
as possible on the general sampling bzsis indicated above, we ini-
tially selected three further processes for study in the second
phase of the research, but due to difficulty in locating suitable
research sites we were forced to abandon one of them (pre-program-
med automatic assembly). Only two of the further types of tech-
nological advance initially selected were therefore studied, namely:

Technological Change 4: Application of pre-programmed digital data
storage, information processing and trans-
mission to systems meeting geographically
widespread demands for service occurring
at random in time and space ("random-demand
real time services").

29
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Specific Case Studied: Airline Passenger Reservation System
Industry: Air Transportation--S.I.C. #4511
Results apply to similar technological changes in:

Surface Transportation
Public Utilities
Retail Trade and Marketing
Banking
Communications
Health Services
Brokerage

Technological Change 5: Application of stored program digital com-
puters to online monitoring and integrated
control of continuous production processes
previously under conventional (analog)
automatic control.

On closer examination of this type of technological change
it became clear that we were dealing with at least three,and pos-
sibly more, distinct sub-types, and hence that a single sample would
not validly represent the population of computer-controlled pro-
cesses. The results of our further investigation, detailed in
Chapter 6 below, served to identify these as follows:

5a. Electricity Generating Plant--computer used mainly for data
logging, monitoring and annunciation (Electric Utilities,
Standard Industrial Classification #4911)

5b. Oil Refinery Catalytic Cracking--computer controls some but
not all of the process variables (Oil Industry--S.I.C. #2911)

5c. Air Separation Plant--computer controls all process variables
(Chemical Industry--S.I.C. #2813)

Results apply to similar technological changes in:
Chemicals, Petrochemicals, and Plastics Manufacturing
Cement
Pulp and Paper
Food-Processing
Iron and Steel
Shipping

The case study selected for 5a above also afforded an oppor-
tunity to secure data on another distinct type of technological
advance, and this was added to the list ex post, facto, viz.

Technological Change 6: Centralization of manual control over manu-
facturing and service processes by the use
of remote sensors and status indicators,
analog data transmission, and remotely ac-
tuated control elements.
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Specific Case Studied: Electricity Generating Plant
Industry: Electric Utility--S.I.C. #4911
Results apply to similar technological changes in:

Iron and Steel
Chemical, Petrochemical, and Plastics Manufacturing
Mining
Pulp and Paper Industry
Cement Industry, etc.

2.4. General Nature of Technological Advances Studied

It will be noted that five out of the eight technology types
studied ( #1, 4 and 5) use digital computers directly, six (#2, 3,
5a, b, c and 6) involve analog automatic control, and all of them
involve electrical, pneumatic or other forms of automatic data
storage and transmission. However, none of them involve more than
minor increases in the application of mechanical power to replace
human muscle power. This concentration on what may be generally
characterized as advances in mechanical memory, data transfer and
data processing as against further application of mechanical motive
power, was involuntary in the sense that most technological advances
now in progress belong to the former class, and it would have been
difficult to find significant case material falling into the latter
class, with the possible exception of field agriculture where certain
field crop harvesting operations are still in process of what may
be termed primary mechanization.

To the extent that most technological advances currently in
progress, including those studied here, involve mechanization of
information processes rather than further applications of mechani-
cal power they all fall under the heading of automation, and form
part of the second major phase of the industrial revolution as dis-
cussed by Crossman (Refs. 10, 11) among numerous other commentators.

However, as also noted by Crossman, it is mainly information
storage, transfer and processing operations directly involved in
the production process that are currently being mechanized. In-

direct functions such as allocation of work, plant maintenance,
planning and scheduling, calibration of instruments, storage and
inventory, and development functions such as changes in working
methods, plant and system design and redesign, are as yet only
being automated in isolated and sporadic fashion. This will be
apparent from the later discussion of technology used to perform
indirect work (see Chapter 3).

31
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CHAPTER 3: METHODOLOGY: GENERAL AND INDIRECT LABOR

3.1 Formal Statement of Methodology

As noted above, our analysis of deficiencies in the methodology
and statistical designs of various earlier microeconomic case studies
of the impact of technological advance on skill demands reviewed in
Ref. 1, together with re-examination of data gathered in our own
earlier qualitative field studies (Refs. 5 and 6), led us at the
outset of the research to formulate a list of prerequisites for the
acquisition of valid evidence demonstrating changes in skill demand
due to technological change. These will now be stated formally.

3.1.1 Controls needed to secure matched-pair comparison

To test the hypothesis that a given technological change in-
volving replacement of an older (lower level) method or process,
TL1, by a newer (higher level) one, TL2*, has caused a change
(upward or downward) in the skill level of the work force, the
following controls must first be established to ensure compara-
bility.

Product

1) TL1 and TL2 must produce essentially the same product or ser-
vice. Otherwise an observed change in skill level might be
due to a change in the product rather than in the process
technology.

2) TL1 and TL2 must either operate at the same output level, or
their labor requirements must be prorated to the same level.
Otherwise observed changes in skill level might be due to
different production volumes, rather than to technology level
as such (see, e.g., cases J and K

3) Manpower inputs must be specifically linked to tasks performed

The development given here assumes that interest centers on tech-
nology level. However any other comparison between two (or more)
manufacturing and service processes, say two competitors at essen-
tially the same technological level, requires the same set of
controls.

**
Proration assumes constant elasticity of output with labor input,

a condition which often fails in modern large-scale plants. See

discussion in Chapter 5 below.
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in TL1 and TL2 so that skill demands actually imposed by the
respective processes are compared. This requires direct obser-
vation or careful inquiry as to the nature of tasks carried
out by labor in each case. It further implies that the or,iani-
zationally-defined "job" concept must be abandoned in favor of
the more process-oriented "task". This is because a single
job may include tasks related to several different processes,
and conversely fractional contributions may be made by several
job holders towards meeting the labor requirements of a given
process.

Stationarity

4) TL1 and TL2 must both be in a steady state; in particular the
newer process TL2 must have passed out of the development and
debugging stage characteristic of new technologies, otherwise
an observed increase in skill demand might really be due to
the (temporary) presence of the extra skilled help which is
normally needed in the commissioning phase of a new venture.
The older process TL1 may also be disturbed if it is near com-
plete phase-out, due to withdrawal of higher level personnel.
While the steady-state condition cannot be precisely defined,
in the present study we adopted the criterion that the processes
being compared should both have been in continuous operation for
two or more years at the time of observation.

Organization

5) TL1 and TL2 must be studied in two or more firms or organi-
zations and the results should agree. Otherwise observed
changes in labor requirement and skills might be specific to
one organization, and/or be attributable to organizational
changes rather than to technology as such (e.g., indirect
labor in case J below).

Skill scale

6) The measuring instrument used to assess relative levels of
skill, ability and responsibility must be reliable- and free
from bias with respect to technology level. A particular
danger is that the observer or analyst may be less accus-
tomed to the newer equipment, working methods and unfamiliar
environment of TL2, and hence judge the required skills to
more complex. This bias can be reduced or eliminated by
securing data from skill analysts known to be equally con-
versant with TL1 and TL2, which generally restricts choice to
personnel in the industry being studied.

The term "reliable" is used here in the technical sense defined,
for instance, by Guilford (Ref. 7).
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3.1.2 Statistical tests to exclude the null hypothesis

Assuming that matched-pair comparability has been established
between two (or more) processes in two (or more) organizations, and
that the requisite empirical data has been obtained, we may test
the hypothesis that there has been a consequent change in skill
level. Since there is nearly always some difference, this reduces
to the problem of establishing that the observed difference is not
due to chance fluctuation.

Testing the null hypothesis

As usual in statistical inference, we proceed to test the null
hypothesis,in this case that no skill change has actually occurred.
If the probability that the observed data could have been generated
by this state of affairs is sufficiently high, we draw negative
conclusions. But if it is below, say, p = 0.1 (10% significance)
we conclude that a change has occurred and we may proceed to esti-
mate its size and direction. This significance test entails
forming an estimate of the magnitude of the error variance affecting
the result.

In this case the most sensitive method appears to be analysis
of variance applied to manhour inputs per unit product. Manpower
inputs are readily acquired ratio-scaled data that can be deter
mined to any desired precision. In order to test for a change in
skill level we need only to classify these manhour inputs into two
or more skill levels, so thata fairly coarse skill scale is
acceptable providing it is unbiased with respect to technology.

Assuming that we have manhour data from two (or more) processes
(TL1, TL2), from two or more organizations (01, 02), classified
into two (or more) skill levels (S1, S2), a three factor analysis
of variance is called for, with the following main effects and
interactions.

Main Effects

Process (TechnGlogy Level) TL

Skill Level

Organization 0

Interactions

Organization X Skill Level

Process X Organization

Process X Skill Level

Residual

34

(0 X S)

(TL x 0)

(TL x S)

(TL X 0 x S)
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We expect the first main effect, which reflects productivity increase
resulting from investment in the new technology to show a highly
significant F-ratio. The second main effect is determined by our
choice of grouping by skill level, that is on the choice of skill
scale and grouping intervals used. It is under the analyst's control
and ideally its F-ratio should be made insignificantly different
from unity, i.e., the skill-scale intervals should be so selected
that the manhour inputs are evenly distributed. The third main
effect, due to differences between organizations, would ideally also
be insignificant, though a modestly significant result does not
vitiate the comparison we are interested in.

The first interaction (0 X S) will be small if the skill scale
is unbiased with respect to organization and if organizational
policy on skill allocation is similar. The second interaction
(TL X 0) measures differences of overall productiv'ty between
organizations and will ideally also be small if the organizations
invest equally efficiently. The triple interaction term (TL ,X 0 X S)
measures variations in the double interactions descr:bed above and
will also generally be small.

Since we cannot meaningfully partition the manhour by skill
level data from each process to 1.--oduce true replication, we are
forced to use the variance estimate from this triple interaction
to estimate the residual error against which the significance of
the main effects and double interactions are tested. If the
(0 X S) and (TL X 0) variance estimates are found insignificant on
this basis, they may legitimately be pooled with the (TL X 0 X S)
estimate to improve the residual-error estimate.

Finally the variance estimate derived from the interaction of
process type with skill level (TL X S) is the one used to test the
major hypothesis. If its F-ratio with the pooled residual-error
estimate described above proves significant at some previously
chosen (generally low) probability level, we can be sure that there
has been a change in skill level genuinely associated with the
technological level change from TL1 to TL2.

The sensitivity of this test, that is, how small a change in
skill level proves significant, will depend mainly on the amount
of extraneous variation found in manhour input between organiza-
tions, and particularly on how closely they agree on the allocation
of skill levels to tasks in the two processes. Lack of signifi-
cance does not necessarily imply absence of skill change, but
rather that the evidence is insufficient to demonstrate it.
Conversely, a high level of significance does not necessarily
indicate a major effect, only one which was particularly clearly
observed.

3.1.3 Evaluation of the magnitude of change in skill demand

Provided that the analysis of variance described above has
demonstrated the existence of a real difference in skill level
between TL1 and TL2, we may proceed to evaluate its magnitude by
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suitable choice of descriptive statistics. However, manpower changes
from one process to another are usually complex and we do not expect
to be able to find any single perfect descriptor. Further, the
relative importance of different statistics will certainly vary
according to the scientific or policy question which it is desired
to answer at any given time, so we deem it best to present data in

several different ways. The following statistics are considered
most generally useful.

Percent change in mean skill level and/or mean educational level

and/or mean job experience required

Given an ordinal scale on which job and task requirements can
be ordered, and corresponding hour inputs per unit product, we may
express overall changes in percentage form. Thus if process TL1
requires 20 manhours per unit product at skill level 100 factor
points plus 10 manhours at skill level 150, while TL2 requires 10
manhours at skill level 100 plus 8 manhours at skill level 150, the
mean skill increase is computed as follows:

10
Mean skill level for TL1 = (100 X219 + (150 x ---) = 116.7 points

30 30

10 8
Mean skill level for TL2 = (100 X T-8-) + (150 X TO = 122.2 points

Percentage change =
122.2 - 116.;

+ 4.7%
.116.7 116.7

While this statistic certainly reflects the overall skill impact of
the change from TL1 to TL2, it must be treated with caution since
the skill levels which are combined using manhour data are generally
not referred to an absolute datum or benchmark, and hence the same
actual change in skill demand may show different percentage results
to observers using different skill scales.

The nearest approach to a true ratio scale of skill levels is
probably that provided by educational requirements measured in
years of school and college. Unfortunately, we have generally
found it difficult to establish such levels unequivocally for a
given job or task. Similar remarks apply to job experience, and
we have thus found it preferable to work with job evaluation data,
establishing reference levels and making comparisons as described
elsewhere in the report. When carefully applied, these do appear
to yield meaningful percent change data when computed as in the
above example.

313
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Percentage increase or decrease of labor input in specific skill

brackets

For research and policy purposes concerned with such issues as
training at specific levels, labor-market analysis, and prediction
of skill shortages, it may be more useful to know how much more
(or less) manpower will be needed at specific levels than simply
how much change there will be in overall skill demands. This

statistic may be computed directly from the skill profiles, which
are manhour data broken down by skill level. For instance, suppose
we are studying the employment of laborers, with skill levels (on a
particular job evaluation scale) in the range 80-120 points.
Process TL1 requires 13.5 manhours per unit product in this bracket,
while Process TL2 requires only 8.7. The impact of the technological
change on this skill bracket (assuming constant demand) may
immediately be estimated at

100 x
(13.5 8.7) - 100 x L:- = 35.5% decline ,

-

13.5 13.5

the new demand for laborers being 64.5% of the old. This will be
independent of what may perhaps be a 15% increase in requirements
at skilled craftsman level.

Skill profiles

The most comprehensive way of presenting and evaluating results
from which both the above results can be derived, is to give the
distribution of required manhour inputs by skill level for each of
the processes in question. These distributions are termed "skill
profiles" in what follows. They are presented in all cases. In

general, we have not found it useful to subdivide into more than
about 7 to 10 skill brackets, because at this point chance sampling
variations in assignment to brackets become important.

3.2 Pilot Trials of General MethodologyDirect Labor

Following the analysis of methodological requirements which led
to the projection of the new methodology formally stated above, the
first phase of the research (already reported in Ref. 1) was con-
cerned with testing the feasibility of establishing the controls
needed for matched-pair comparisons and with acquiring test batches
of the data described above. This was done by two pilot studies of a
major technological change, each conducted in a single organization.
The cases were selected mainly for ease of access and of data
acquisition, and were located in banks (check processing; machine
aided manual versus electronic data-processing systems) and steel
works (steel finishing; sheet dipping versus continuous strip
coating processes). These studies demonstrated that the basic
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method of matched-pair comparison using skill-profile data was
workable, but pointed up three difficulties:

a) Older and newer processes tended not to be found side by
side in the same firm for more than brief overlap periods,
and firms did not always retain adequately detailed records
of operating conditions in superseded processes.

b) Few technological advances could be fully isolated, since
managements usually take the opportunity afforded by the
introduction of a new process to improve organization,
introduce new product lines, change plant layout, etc.
It was not always easy to separate these out and record
the impact of the technology in a pure state. For in-
stance the adoption of a newer EDP-based check-processing
system permitted banks to introduce additional customer
services such as automatic loan repayments, a credit card
service and so forth. The effects of these additions had
to be removed to maintain proper control.

c) The impact of a given technological change on the labor
force was found to have no distinct boundaries, effects
being traceable with decreasing amplitude in direct labor,
indirect labor, overhead functions and thence to quite
distant parts of the organization; it was found difficult
to delimit the segment of the labor force concerned.

In the two pilot studies these three obstacles were overcome
respectively by careful selection of suitable case material, by
dissecting out the effort devoted to new ventures and recording
only that part of it explicitly concerned with generating the
predefined product or service, and by limiting consideration to
direct labor.

3.2.1 First series of paired comparisons--direct labor only

Having established the basic feasibility of the method, two
further processes where major technological changes had occurred
were selected according to the sampling principles laid down in
Chapter 2, for study in two firms each. These were in the steel
industry (annealing; box versus continuous heat treatment method)
and in the traditionally important field of metal processing
(machining complex aircraft components from metal castings; con-
ventional versus numerically-controlled machine tools). Also the
two original pilot studies were each extended to a second organi-
zation thus completing the projected statistical design of the
"experiment" for four distinct processes. Data acquired in the
eight case studies thus completed was all restricted to direct
labor. Care was taken to establish comparability of product across
technological levels in each case.
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With experience, we found it increasingly easy to acquire the
basic quantitative data on process operation, manhour inputs,
product specification and output units, skill levels, educational
levels and job experience. In later studies most of our time and
effort was devoted to study of the process and analysis of task
types, to comparative study of older and newer methods, and to
assessing the status of the newer methods in relation to competitive
processes and projected future technologies, in order to provide
ins"ghts into the probable diffusion of new technologies through
industry.

3.3 Extension to Indirect Labor

3.3.1 Introduction

As noted above, the initial series of eight case studies dealt
with changes in skill demand attributable to direct labor only. It

was recognized at the time that this would provide only a partial
answer to the question of whether overall skill demand tends to
increase in newer technologies, and a major goal of the second
phase of the research has therefore been to extend the coverage of
the new methodology to indirect labor, in order to secure completed
comparisons for as many of the previously studied cases as possible.
At a methodological level we also wished to develop criteria for
deciding how much attention should be devoted to indirect and over-
head labor in future studies, concerned either with specific
processes or with skill surveys of larger segments of industries
and services undergoing technological change.

While the conclusions drawn from the initial studies were
confined to direct production labor inputs, a restriction adopted
initially to permit completion of a reasonable number of case
studies within the research period, this was not a major handicap
since in all cases qualitative assessments of the relative weighting
of direct and indirect labor (by management informants, and from
our own direct observation) indicated that omission of the latter
would only affect the results to a minor extent. This claim was
based on two distinct arguments, first that indirect labor require-
ments of each of these processes appeared to represent only a
small percentage of the total labor input; and second, that the
skill demands for indirect labor were apparently less affected by
the technological changes than those for direct labor. These
subjective impressions have been borne out in substantive results
of research reported below.

While the omission of indirect labor was acceptable in pilot
studies, final conclusions on the impact of technology cannot be
drawn from direct labor data only. Previous ob!.-.ervers have

pointed to a general tendency for indirect labor contributions to
increase with the level of mechanization, an effect which would
bias absolute skill demand estimates downwards if attention were
confined to direct labor. In other words, an overall increase in
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skill demands of newer technologies might well be concentrated in
maintenance and other indirect functions. The total skill profiles
could be markedly affected by even quite small increases in high-
level maintenance skills. More complete data were therefore needed
to establish the actual magnitude of this effect in each sample
case study.

3.3.2 Methodology for studying indirect-labor skill impact

The first objective of the present research was therefore to
establish methods for measuring the skill demands of processes at
indirect-labor level. We do not know of any previous studies where
this has been done explicitly, and a fortiori no one has attempted
to assess indirect-labor demands while also controlling for type
and volume of product, allocation of tasks to processes, organi-
zational changes, and the other factors listed above.

While the necessary controls had already been established for
the four initial pairs of processes, further exploration was needed
to establish means of identifying relevant indirect-labor inputs,
delimiting the labor force to be considered in before/after com-
parisons of older and newer processes, measuring per unit manhour
inputs, and evaluating skill levels. These methodological issues
have been addressed in two pilot case studies which were essentially
extensions of the earlier ones, conducted in the banking and steel
industries.

Though the methodology finally developed for indirect labor is
a little less precise than that for direct labor, it has neverthe-
less proved feasible to achieve adequate statistical control and
precision of measurement permitting fully valid conclusions. The
developed methodology has therefore been utilized to complete as
many of the further case studies as time and facilities permitted.

3.3.3 Distinction between direct and indirect labor

There is no sharp dividing line between direct, indirect and
overhead manhour inputs to manufacturing and service processes,
and the boundaries tend to become more blurred with further
mechanization and automation.

The definition of direct labor used in Ref. 1 was:

... personnel engaged in jobs or tasks making a direct
contribution to the conversion of material inputs into
products or to the execution of services ordered by
customers

and excluded categories were listed as follows:
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- personnel wholly employed in maintaining, servicing or
repairing the tools or machines used by direct labor to
effect conversions on material inputs to products, or
required for the processing of data linked to the
execution of services;

supervisory personnel forming part of the line function;

managerial, staff, engineering or research personnel
constituting the organization, coordinating and
supportive function;

purchasing, sales and accounting personnel.

The first of these definitions simply repeats the word "direct"
in a slightly more specific context. When conducting deeper inves-
tigations into indirect-labor skills, an operational need arose for
better criteria to distinguish direct from indirect contributions.
For instance, does the operator who actuates a switch causing a
conveyor to move materials from one point to another make a "direct"
contribution or not? Although his action on the material is quite
indirect, the answer is presumably that he does, since without his
action production would not proceed. But what about the operator
who adjusts the set-point on a flow-controller? In this case the
action is indirect,and due to automatic control its omission would
not bring the process to a halt, or cause it to produce at unac-
ceptable quality for perhaps several hours. Yet this must a
apparently be treated as a direct-labor input since management
undoubtedly regards it so. On the other hand, recalibration of an
instrument, which may have quite similar effects to changing a set-
point, is definitely regarded as an indirect-labor function. It

seems that these two cases lie one on each side of the boundary
between direct and indirect labor. Hence the proper distinction
seems to lie in the timing of the impact which omission of the labor
input in question would have on the process.

Accordingly we adopted an operational criterion of "process-
relatedness", that is directness of labor involvement, based on
how soon withdrawal of the labor input in question would cause a
significant drop in quantity, and/or departure from acceptable
quality, of the product or service. Direct-labor inputs are
those highly "process-related" ones whose omission causes rapid
decay of system performance, while indirect-labor inputs are
those whose omission will cause deterioration only after a longer
period.."' The terms "rapidly" and "longer period" were interpreted

We considered the possibility of using "half-life" to provide a
more fully quantitative index cf directness of labor inputs. By
analogy with radioactive decay, the half-life of a process is its

mean time to failure following total withdrawal of a given section
of the work force. The half-life of a manual assembly process
would be zero, that of a numerically-controlled machining process

(continued)
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relative to the inherent timing of the process rather than on an
absolute time scale (for further discussion of this point, see
Woodward, Reference 12).

Our criterion of process-relatedness of tasks and labor inputs
was found to agree quite well with those normally used id)/ management,
and to produce subjectively good decisions in the numerous marginal
cases encountered in the field studies.

3.3.4 Indirect versus overhead labor

Overhead labor may be defined as that part of the labor force
which, if withdrawn, would have no effect on the given process (at
a technological level) and is hence process unrelated. The sales
force obviously falls in this category, as do personnel, industrial
relations, etc. Attempts to distinguish between indirect and over-
head labor may appear at first sight fruitless since, in the limit,
one can regard the whole of an organization as indirectly necessary
to support the operation of any single process within it. Again,
therefore, the distinction between indirect and overhead labor is
one of degree rather than kind. Operationally speaking,we dealt
with each case individually by extension of the criterion of process-
relatedness (or its inverse) used for distinguishing direct and
indirect labor.

Thus, there are many technological jobs and functions associated
with a given process which, if not performed, would yet cause no
degradation of systems performance over however long a period,
given that the system was functioning to specification at a refer-
ence time. Instances are programming in EDP systems, product
design engineering, and parts programming for numerically-controlled
machine tools. As these labor inputs contribute to development of
new process or product or to introduction of new organizational
activities, they must be regarded as being part of micro-level
capital investment directed toward system improvement which is
going on continually in most industrial and service organizations.
They are considered to fall within the overhead category.

3.3.5 Classification of specific functions

The following classification scheme which was used in the
Bureau of Labor Statistics report series "Trends in Manhours per
Unit" (Ref. 14) formed the starting point for our allocation of

about one-half hour, of a modern electricity generating plant
several hours, and of a computer-controlled air separation plant
several days. The longer the half-life, the less "direct" is the
labor in question. In general, maintenance and planning labor ex-
hibit greater half-lives than, for instance, assembly and machining
labor. However this degree of quantative precision was deemed
unnecessary for our present purpose.
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specific functions to direct, indirect and overhead categories.

Direct Labor

Machine Set Up
Machining
Mechanical Working
Fabrication
Subassembly
Assembly
Finishing
Painting
Packing

Indirect Labor

Maintenance
Shipping
Receiving
Warehousing
Materials Handling
Shop Supervision
Timekeeping
Inspection
Production Engineering
Production Control
Tools Control
Materials Control

Overhead Labor

Developmental Engineering
Sales
Company Administration
Personnel
Employment Management
Industrial Relations
Payroll Records
Purchasing

Following the above rationale, we preferred to reclassify in-
spection as direct labor, since if withdrawn this immediately
causes a loss of product quality in the sense that the product is
no longer known to meet its specifications. Shipping, receiving,
warehousing, and materials handling are also direct functions, since
the complete production process (including delivery to the con-
sumer) rapidly ceases if they are withdrawn. Production engineering
is clearly an overhead function, since it is concerned with develop-
ment of new products and processes rather than ongoing ones; its
cessation has no effect on ongoing production.

Of the remaining indirect functions we have found Maintenance,
Shop Supervision, and Production Control (including planning and
scheduling) to require significant manpower inputs, while Time-
keeping, Tools Control and Materials Control did not make
identifiable demands at the process level. Our final listings
for indirect and overhead functions therefore read as follows:

Indirect Labor

Maintenance
Shop Supervisial
Production Scheduling and

Control

(Timekeeping)
(Materials Control)
(Tools Control)

43

Overhead Labor

Production Engineering
Developmental Engineering
Purchasing
Sales
Personnel Administration
Company Administration
Employment Management
Industrial Relations and Salary
Administration

Payroll Records
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3.3.6 Allocation of process and proration per unit product

Allocation of labor manhours to specific processes under study
is progressively more difficult for direct, indirect and overhead
labor since the tasks are successively less closely associated with
individual plant and specific production operations. In most cases
the activities of a direct labor group are confined to a single
plant and/or process, but the activities of indirect labor usually
contribute to several different ones, and it is difficult to
allocate recorded manhours to a particular one under study. Over-
head labor presents the same problem to an even greater extent.
The problem of allocating indirect labor manhour inputs to specific
processes, and the cognate one of prorating theta by product quan-
tity, caused most of the difficulty experienced acquiring valid
data on indirect labor.

Firms and processes differ widely in organization of mainte-
nance effort and recording of work done. In general, each case
must be treated on its merits. However, most maintenance, super-
vision and planning work is usually done by personnel permanently
assigned to relatively few processes, and the quantitative uncer-
tainty due to more peripheral and irregular activities is usually
smaller than might be anticipated from a mere list of job titles
or activities.

3.3.7 Skill level assessment

In most cases the job evaluation schemes set up by management
extend or can be extended to shop supervision, maintenance and
production planning personnel. We have experienced little difficulty
in this area. For further discussion see individual case studies.

3.4 Technology of Maintenance and Production Control

Since each of these studies investigates the impact of a
single specified technological change, rather than technological
change in general, on labor force skills and manpower requirements,
it is necessary to avoid contaminating the main effect '.3y failing
to discriminate the effects of distinct technological changes
affecting maintenance and other indirect activity which is not in-
volved in the process itself. For instance, there is a tendency to
maintain newer instrumentation, automatic control and digital
computer systems by detecting and replacing faulty modules rather
than by the older method of directly repairing components. This
leads to a marked reduction in skilled maintenance manhour require-
ments per unit product, with a countervailing increase in less skilled
labor at the central module repair facility. While this is a
significant technological advance in itself, it would be erroneous
to treat it as part, for instance,of the installation of an EDP
system.
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Wherever possible we have therefore ensured that the technology
and methods used for indirect tasks were the same before and after
the implementation of the major technological change which was the
primary focus of the study. Where this was not so, appropriate
corrections were made in data reduction, or are pointed out in
discussion of specific results.
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CHAPTER 4: METHODOLOGY FOR ASSESSING SKILL IMPACT OF TECHNOLOGICAL

CHANGE AT INDIRECT LABOR LEVEL: PILOT STUDIES IN

DEMAND-DEPOSIT ACCOUNTING AND STEEL-STRIP ANNEALING

4.1 Introduction

The two studies reported in this chapter investigate changes
in skill demands at indirect labor level due to technological change.
They were extensions of previously conducted studies on direct labor
skill demands, intended to test the feasibility of obtaining com-
plete (direct and indirect labor) skill profiles for selected manu-
facturirg and service processes, and of comparing these across
technology levels. The general methodology used is set out in
Chapter 3 above, and full process descriptions will be found in
Appendices I and II, Ref. I.

The processes studied were:

a) Check processing and account posting for demand-deposit accoun-
ting in a multi-branch bank (see Ref. 1, Section 4.1 and Ap-

pendix I).

Older Technology (TL1) -- Machine-aided hand process (finally
phased out around 1967)

Newer Technology (TL2) -- Electronic data-processing system
(installed in 1959)

b) Annealing steel strip, part of the steel-finishing process
(see Ref. 1., Section 4.3 and Appendix II).

Older Technology (TL1) -- Box annealing (in current operation)
Newer Technology (TL2) -- Continuous-strip annealing (intro-

duced around 1950)

These two pairs of processes were each studied in a single organi-

zation.

The data presented below have been combined with the earlier
direct-labor data to provide overall skill-profile comparisons for
the two technological changes in question.
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4.2 Pilot Study 1: Indirect-Labor Requirements of Check Processing

at Two Technological Levels

Identifying Indirect Labor in a Bank

Evidence of a considerable impact of the partial computeri-
zation of demand deposit accounting on direct labor employed in
processing checks and posting accounts in two multi-branch banks
has been presented in a previous report (Ref. 1). In both banks,
the introduction some years ago of central electronic data proces-
sing installations led to the abandonment throughout most of the
network of branch offices, of manual sorting, record keeping and
account posting machinery. Some outlying offices, however, had
not yet been linked to the central computer installations and it
wa: this circumstance which enabled a comparative study of the man-
power and skill requirements of the older and newer information
processing technologies. Computerization, it was shown, reduced
the direct labor manhours needed to p'r'ocess 1000 checks and deposit
slips by just under 50% in Bank A and by some 20% in Bank B; at
the same time the mean skill level was higher by 10% in the first,
by 16% in the second bank, reflecting the computerized systems'
demands for a more skilled direct labor force.

The cooperation of Bank A was subsequently enlisted for a
supplementary study of the indirect labor requirements of its manual
and computerized systems of check processin9 and account posting.
One component of the indirect labor force that immediately sug-
gested itself was supervision. Beyond this, the application of the
criterion of "process-relatedness" pointed at two departments, part
of whose functions seemed likely to be performed by indirect labor.
They were:

1. Centralized Services--Though mainly concerned with special
handling of items (i.e., with extensions of the information
processing work done by direct labor), this department also
contains a mechanical equipment maintenance section, whose
staff of 70 must unquestionably br classified as indirect
labor.*

2. The Purchasing, Supplies and Services Department - -the main
functions of which are described by its title, but which is
also involved in the design, format and quality control of
all forms including checks used by customers, and in ware-
housing, record storage, furniture maintenance, etc. Though

Bank A's mechanical section does not maintain, repair or service
the computers and auxiliary equipment at the EDP installations.
This maintenance is done by Field Representatives who are on the
computer manufacturer's payroll, but are permanently assigned to
each EDP center.

4
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the relevant personnel could be identified, its per unit man-
hours were far too small to warrant inclusion in the study.

Maintenance and Repair Demands of the Older and Newer Technologies

A fairly precise idea of the effects of technological advances
on maintenance activities can be gained by simply surveying the
machinery found in a branch office still outside the computerized
system and comparing it with the equipment of an EDP center and of
a branch office linked to it. This parallels the approach adopted
in the direct-labor study were the interest lay in showing how the
manpower and skill effects found were related to differences in
the operations and methods used in the technologically, older and
newer plants of the demand-deposit accounting system.

One aspect of the technological changes now penetrating all
office work is especially highlighted by the lists shown in Table
4.1: the rapidly progressing mechanization of information proces-
sing. Aside from there being more kinds of machines in the newer
system, the inventory of machines is much larger. Even leaving the
EDP center machines out of account, there has been a marked pro-
liferation of conventional machinery at the EDP-linked branch offices.
This is reflected in the absolute number of manhours going into all
repair work. In the branch office, representative of the older
technology, about 10 man-minutes of repair work are required per
week per business machine for a total of about 1-3/4 manhours. In

a typical EDP-linked branch office some 11 man-minutes of repairs
were needed per week per business machine yielding a total of over
4-3/4 manhours. A ratio of three machim:s in the newer to every
one in the older branch offices is probably not far off the mark.

On the other hand there were no indications of any significant
increase in the complexity of conventional machinery, at least in-
sofar as it might make higher demands on repairmen in terms of diag-
nosing the causes of failure and putting it right.

The electronic data processing and associated equipment at
the computer centers is another matter. As the manufacturer's
Field Representatives were constantly in attendance throughout each
shift, it proved impossible to deduce from observations how much
attention the computer equipment demands. Only detailed activity
analysis could provide the answer. We therefore included all their
time in the totals given below for indirect labor.

Changes in Per Unit Manhour Skill Requirements

The methods employed for determining the per unit manhours
of operating supervisors were exactly the same as those used in
the direct labor studies previously reported; as supervisors are
included in the bank's job evaluation plan, their skill ratings
were readily available. Mechanical Maintenance presented more of
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a problem. As explained in Appendix A, Section 2, different methods
had to be devised to arrive at the manhour inputs of the bank's own
Mechanical Section on the one hand, and the Manufacturer's Field
Representatives on the other; the raw Mechanical Maintenance manhour
data will be found in Section 4 of Appendix A. The skill ratings
of individual maintenance men included with the manhour data are
researchers' estimates.

Table 4.2 sets the total direct and indirect manhours per 1000
items processed by the manual technology (TL1) against the total
manhours expended in the application of the computer-centered tech-
nology (TL2), the per unit manhours of supervi3ion and maintenance'
also being shown separately. As can be seen from the table the
indirect labor inputs at TL2 are smaller than at TL1 both absolutely
and relatively, due to the evident diminution in the need for per
unit supervisory manhours. The relative maintenance requirements
have nearly doubled, but as maintenance inputs amount to less than
1% under either technology, this is of no appreciable consequence.
In all, the per unit manhours savings attendant upon the introduc-
tion of electronic data processing is very close to 50%.

The mean skill levels for the total work force are about 15%
higher than for the direct labor force alone at each of the two
technology levels. The difference between the mean skill levels
at TL1 and TL2, however, is about the same as it was for direct
labor alone (Table 4,3), and this despite the very much increased
skill demands in the maintenance component of the indirect labor
force (+41%); this latter increase had no effect precisely because
maintenance manhours account for so small a percentage of the total
input. The increased skill level within the maintenance work force
is largely the outcome of the inclusion of the computer mar ufacturer's
Field Representatives whose skill was rated extremely high (see
Appendix A, Section 4). The changes at each skill level for the
composite work force are 3!ven in Table 4.4 and in skirl profile
form in Figure 4.1. For discussion see Section 4.4 below and
Chapters 8 and 9.

4.3 Pilot Study 2: Indirect-Labor Recjlirements of Annealing at

Two Technological Levels

Process Description

The processes of Batch and Continuous Annealing have been des-
cribed in detail in a previous report (Ref. ]) which was exclusively
concerned with the direct labor manpower and skill requirements of

A more detailed breakdown of Maintenance manhours is given in
Table A-1, Appendix A.
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TABLE 4.1: OFFICE MACHINERY USED IN THE OLDER AND NEWER CHECK

PROCESSING AND ACCOUNT POSTING SYSTEMS

Bank Branch Office Not Attached
to EDP Center (TL1)

Bookkeeping Machines

Adding Machines

Microfilmers

Proofing Machines

EDP-linked Branch Office (TL2)

Bookkeeping Machines

Adding Machines

Microfilmers

Proofing Machines

Dollar Amount Encoders

Account Number Encoders

EDP Center (TL2)

Reader Sorters

Photoreaders

Flexowriters

Tape Drives

Computers

Printers

Adding Machines

Joggers

Miscellaneous Machines Common to Older and Newer systems

Typewriters

Postage Meter Machines

Sealers

Check Perforators

Numbering Machines

Electric Time Stamps and Clocks

Coin Counters

Addressograph Machines

Duplicating Machines
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TABLE 4.2: DIRECT AND INDIRECT LABOR PER UNIT

MANHOURS IN CHECK PROCESSING

Manhours Per 1000 Items
Manhoues as % of

Total for
Technology Level

TL1 TL2 % Change TL1 TL2

Direct Labor

Indirect Labor

Maintenance

Supervision

Other

30.33

4.51

0.18

4.33

small

15.97

1.74

0.17

1.57

small

-47.3

-61.4

- 5.6

-63.9

87.1

12.9

90.2

9.8

0.9

8.9

Total 34.84 17.71 -49.1 100.0 100.0

TABLE 4.3: DIRECT AND INDIRECT LABOR MEAN SKIlL LEVELS

Mean Skill Levels

TL1 TL2 % Change

Direct Labor 112.3 pts.* 118.2 pts. + 9.4

Indirect Labor 187.3 pts. 222.0 pts. +26.0

Maintenance 176.5 262.0 +41

Supervision 187.7 217.7 +18

Total Work
Force

121.9 pts. 128.4 pts. + 9.3

Base level (minimum skill score) = 52.0 points.
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TABLE 4.4: COMPOSITE (DIRECT AND INDIRECT LABOR) SKILL
DISTRIBUTIONS FOR MACHINE AIDED CHECK
PROCESSING (TL1) AND EDP SYSTEM (TL2)

Organization: Firm A

Process: Check Processing and Account Posting

Product Unit: 1000 Items

Technology (Level 1): Machine-Aided Hand Processing

Technology (Level 2): Computerized Processing

Source of Data: Direct Observation and Company Records

Period: 1965-1966 [Del..) Acquired - Spring 1967J

1 2 3 4 5 6 7 8 9 10 11

Skill

Level

Skill

Point

Range

Manhours Per
1000 Items

Manhours as % of
Total for

Technology Level

Number of
Job Types

TL1 TL2 Change TLl TL2 Change TL1 TL2 Change

6

c
cn 5

x 4

157-

130-156

106-129

89-105

72- 88

52- 71

4.5

0.01

17.3

13.0

0.0

0.0

1.9

2.2

9.2

3.7

0.7

0.0

- 2.6

+ 2.2

- 8.1

9.3

+ 0.7

0.0

12.9

0.0

49.7

37.4

0.0

0.0

10.7

12.4

52.0

20.9

4.0

0.0

- 2.2

+12.4

+ 2.3

-16.5

+ 4.0

0.0

2

1

1

3

0

0

9

8

10

4

1

0
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Totals 34.8 17.7 -17.1 100.0 100.0 0.0 7 32 +25

Net Manhour Change -49.1%

Mean skill Level Standard Deviation

Technology (Level 1) 121.9 26.0

Technology (Level 2) 128.4 39.5

Change + 6.5 (1-9.370Y
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FIGURE 4.1: COMPOSITE SKILL PROFILES (DIRECT AND INDIRECT LABOR)
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these processes. In batch annealing--the older technology heat
treatment is applied to steel strip coils stacked on bases by
means of a transportable box-shaped furnace which is lowered over
the coils and connected to gas and air supply mains. Under the
newer technology of continuous annealing, the steel strip is
uncoiled and passed through stationary heat treatment furnaces.
As the older technology is still in widespread use, the availa-
bility of the requisite data was ensured. The batch annealing
technology includes a separate cleaning line; on the newer process,
strip cleaning is an integral part of the process.

Structure of the Indirect Labor Force

As previously mentioned, selection of the components of the
indirect labor force for more detailed study was made on the
criterion of "process-relatedness". Discussions with management
and examination of the organization charts in Firm C, to which
this study was confined, pointed to three groups which conformed
to the above criterion:

Operating SupervisiGn

Production Planning

Maintenance

These three groups are distinguished by heavy outlines and by
cross-hatching in Figure 4.2. The other -2.unctions shown in the
figure are staff functions whose work is not wholly confined to
annealing, but is distributed over all the steel works' finishing
departments: the pipe mill, wire and wire products, sheet
finishing, tin finishiny and cold reduction. Cold reduction,
aside from the two annealing lines, includes a cleaning line,
pickling and cold rolling. It was clear from the start that the
amount of time the above staff functions devote to each finishing
department is negligible to the point of exerting no discernible
influence on profiles based on manhours/10 tons.

Further analysis, however, soon showed that production planning
and maintenance--the two functions selected for closer study--also
have their duties spread over the whole works. Thus Production
Planning consists in effect of five distinct successive stages:
Order Entry, Steel Providing, Production Scheduling, Warehousing
and Shipping (for more detailed descriptions see Appendix 3,
Section 1). But with the sole exception of Production Scheduling,
it is impossible to determine how many manhours out of the total
effort going into, say, warehousing goes specifically towards the
product being rnnealed--except that this contribution is exceedingly
small. If a reasonably accurate allocation of scheduling manhours
to the annealing processes is possible, this is because specific
product lines are explicitly assigned to individual schedulers who
are responsible for routing the material through them.
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Allocating maintenance labor manhours also posed problems. As

can be seen by reference to Figure 4.2 the maintenance duties are
divided between two independent though loosely connected systems.
One of these, assigned maintenance, has a plant-wid complement of
about 200 men split into three grouts, each permanently located in
a particular mill. The cold reduction crew of 6 assigned mainte-
nance men attends to the batch annealing with its associated cleaning
line, but also to the cold rolling and pickling lines. Its duties
include trouble shooting, inspection and minor day-to-day repairs
of the lines while they are running.

Any mill or process can also call on the services of the
central maintenance department whose strength is about 285 men.
Central maintenance crews may be brought in to reinforce assigned
maintenance especially in emergencies. However, the bulk of their
time is spent on major, long-time repairs requiring special skills.
This is reflected in the organization of the central maintenance
department which comprises half a dozen or so specialized shops.
The main ones are the Machine Sh)p which repairs and rehabilitates
worn, and builds new, components; the Electrical Shop which repairs
and replaces electrical equipment; and the Instrument and Meter
Shop which repairs electronic and electrical parts and carries out
periodic inspection of these parts throughout the plant. There are
also Rigger, Construction, Carpenter, Pipe and Paint Shops. Cen-
tral maintenance work is requisitioned through job orders sent in
by individual units.

At the end of each shift every maintenance man nands in a job
card, and these cards were a major source of data in the present
research. The job cards of assigned maintenance men contain a
record of the production lines serviced during the shift, the
number of hours worked on each, as well as the man's badge number;
central maintenance men enter the job order number (instead of
the production lines serviced), and the hours worked on this
order. Job cards are only kept for a relatively short time and
for more extensive research it would be necessary to arrange for
their retention. This also applies to job orders and requisitions.

Other information needed were the craft of each maintenance man
who had worked on the annealing lines, and the skill rating associ-
ated with his craft. How the various items of information were
combined to derive skill proviles is explained in Appendis B,
Section 2.

Manhour allocations were no problem with regard to Operating
Supervision, since the first line foremen stay permanently with
th- direct labor (operating) crews they are in charge of, and the
Gt. i-Jral Foremen were able to estimate how much of their time is
spent on each line.
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Comparative Operating Supervision Manhours and Skill Levels

As evident from Figure 4.2, the batch annealing and the con-
tinuous annealing lines each have their own Turn Foreman, and share
a General Foreman and an Assistant General Foreman. The latter
two Supervisors each spend about 60% of their time on the continu-
ous,and 40% on the batch annealing,processes. The cleaning line
which, as previously pointed out, prepares the strip for batch
annealing,and has been considered jointly with this process through-
out the present studies, shares a General Foreman and a Turn Foreman
with the Cold Rolling mill, enlisting about 1% of the former's and
10-15% of the latter's time. Turn Foremen are one per shift,
General Foremen one per day (5 days per week only).

Calculations based on the raw data in Appendix B, Section 3
show that twice as many supervisory manhours were required per
unit product heat treated on the continuous (newer technology)
line, than by the batch or box process including cleaning line.
The actual figures were 0.32 manhours, or about 20 man-minutes per
10 tons for continuous, and 0.16, or about 10 man-minutes on batch
annealing. The difference is traceable to the fact that, while the
continuous line is in perpetual motion and requires fairly fre-
quent attention from supervisory personnel, the coils soaking or
cooling under the box furnace require Jnly relatively infrequent
and sporadic attention.

As the continuous line makes larger demands than the batch
annealing line on the time of the General Foreman and Assistant
General Foreman whose estimated skill ratings are higher than
those of the Turn Foreman, the mean skill level on this line was
somewhat higher (a rise of 0.1, from 8.9 to 9.0).

Comparative Scheduling Manhours and Skill Levels

It should be recalled that out of the five activity phases
composing the Production Planning function, Scheduling is the
only one related closely enough to individual steel finishing
processes for a per unit product manhour allocation to be valid
and meaningful. Tne process-relatedness of scheduling is con-
firmed by the finding that within Production Planning it was this:
activity alone in which any changes had to be made when continuous
annealing was introduced.

Computations based on a per process breakdown of scheduling
office manhours showed chat about 0.11 manhours, or 6-7 man-
minutes of the assigned schedulers' time, went toward the processing
of 10 tons of strip through the continuous annealing line, and
about 0.04 manhours,or less than 3 man - minutes, toward the processing
of the same amount of strip through the combined cleaning line/box
annealing equipment.

The reason why scheduling of material through the continuous
line takes up more time lies in the constraints the new technology
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imposes on routing procedures. To achieve maximum efficiency on
the continuous line, for example, the sequence of coil_ to be fed
to the line must be carefully prearranged: their order must be
such that wider strip coils always precede narrower strip ones.
No such requirement applies to the older annealing process, where
coils can be stacked on the same bases virtually without regard to
the width of the strip.

Even so the total manhour input was found to be too small to
exert a discernible effect on the total per unit manpower require-
ments.

Comparison of Maintenance Manpower and Skill Requirements

The continuous and box annealing processes are so unlike in
every respect that an uninitiated observer would find it hard to
believe from inspecting the equipment that they serve essentially
the same purpose. As the continuous line is both mechanically and
electrically much more complex, it was anticipated that its main-
tenance requirements would be substantially higher.

The results showed that,while for either process assigned
maintenance accounted for over two thirds of the total maintenance
labor input, the continuous line required 9% more assigned mainte-
nance and 27.5% more central maintenance manhours per 10 tons of
strip than the older batch annealing process including the
cleaning line. Moreover, the mean skill level of the central
maintenance input into the continuous line was 11% higher than
that for the older line.

In all other respects the differences are slight. The over-
all maintenance labor skill profiles of the two lines are not
grossly dissimilar in shape, both being strongly skewed towards
the upper end of the skill scale. Separate profiles for the two
components of the maintenance force are given in Figures B-3 and
B-4 in Appendix B, Section 2; these too are in each case broadly
comparable, but they also show clearly that the highest skill
inputs are supplied by central maintenance. Averaged over the
two annealing lines, the mean skill level of assigned maintenance
is 5.8, that for central maintenance 7.7, a difference of over
30%. This however is not at all unexpected, as central maintenance
is deliberately conceived as a pool of specialized skills capable
of dealing with situations that assigned maintenance crews cannot
handle unaided.

Combined Results of Direct and Indirect Labor Studies of Annealing

The final step in the analysis of the manpower and skill
requirements of the technologically older and newer steel strip
annealing technologies was the aggregation of the data presented
both in the previous report and in the immediately preceding
sections of this report.
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Table 4.5 below summarizes the total manhour inputs contri-
buted to the heat treatment of 10 tons of steel strip by the
operators on each of the two processes, and by what has been
described as process-related indirect labor: operating supervision
and the maintenance and scheduling functions.

TABLE 4.5: SUMMARY OF DIRECT AND INDIRECT LABOR MANHOURS IN THE
BATCH (TL1) AND CONTINUOUS (TL2) ANNEALING TECHNOLOGIES

Manhours Per 10 Tons
Manhours as
of Total for

Technology Level

Batch Continuous % Batch Continuous
TL1 TL2 Change TL1 TL2

Direct Labor 2.11 1.36 35.5 58.5 41.6

Indirect Labor 1.49 1.91 + 28.2 41.4 58.4

Maintenance 1.29 1.48 + 14.7 35.9 45.3

Supervision 0.16 0.32 +100 4.5 9.8

Scheduling 0.11 0.11 +175 1.1 3.3

Total 3.60 3.27 9.1 100 100

Two findings reflected in this table deserve special note.
First, whereas the continuous annealing process requires 35%
fewer direct labor manhours per 10 tons than the older (batch)
annealing process, this advantage is almost completely lost when
indirect labor manhours are taken into account; continuous an-
nealing requires nearly 30% more indirect labor per unit product.
In all, the total manhour requirements of continuous annealing
are only about 9% less.

Next, there was a remarkable switch in the relative propor-
tion of direct and indirect manhours. On the older process the
direct labor manhours accounted for nearly 60%, and the indirect
manhours for just over 40% of the total input; on the newer
process these percentages were almost exactly reversed. The main
component responsible for the reversal is maintenance, which
alone contributed more manhours to continuous annealing than
direct labor.

The breakdown by skill level of the combined per unit
direct/indirect manhours inputs of the two processes being com-
pared is shown in Table 4.7 and Figure 4.3. On the batch
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annealing process just over one third of the required per unit
manhour inputs are at skill levels above 5.5; on the continuous
process nearly one half are above this skill level value. The

rise of 22.7% in mean skill level, though directly consequent on
this shift in the distribution, owes virtually nothing to skill
requirement changes in the indirect work force, where the mean
rose by only 4.7%, as shown in Table 4.6 below, which summarizes
the changes in skill level.

TABLE 4.6: SUMMARY OF DIRECT AND INDIRECT LABOR MEAN SKILL LEVELS;
TL1 - BATCH ANNEALING, TL2 - CONTINUOUS PROCESS

Mean Skill Levels

TL1 TL2 % Change

Direct labor

Indirect Labor

Maintenance

Supervision

Scheduling

3.0*

6.4

6.2

8.9

3.0

3.7

6.7

6.5

9.0

2.9

+23.3

+ 4.7

+4.8

+1.1

-3.3

Total Workforce 4.4 5.4 +22.7

Base level (minimum skill score) = 0.0

Annealing in the firm studied is thus a case of a process
where the comparatively modest productivity gains accruing from a
major capital investment in technologically advanced production
equipment have been offset to a very considerable degree by the
need for specially skilled--and therefore more costly--manpower.
(For further discussion see the next section and Chapters 8, 9.)

4.4 Discussion of Results Obtained from Pilot Studies 1 and 2

Check processing and account posting in banks, and annealing
of strip in steelworks, were the first processes whose indirect
labor requirements were assessed, the objective being to sup-
plement the direct labor comparisons previously reported and thus
to provide a more complete account of the manpower effects of
technological advance shown in Chapter 2 above. Each of the two
processes is representative of a wider family of processes whose
technological development has followed, or will follow, a broadly
similar course. Demand deposit accounting typifies many cases
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where electronic dataprocessing replaces manual methods, while
annealing exemplifies the transition from batch to continuous
manufacturing processes. The two cases show a marked contrast in
impact of technological change at indirect-labor level.

In demand deposit accounting, indirect labor represents only
about 10-15% of the total labor force, and most of this is super-
vision, which is little affected by the technological change.
The slight drop in supervisory manhours from 14% to 10% of the
corresponding direct labor perhaps indicates a trend to self-
supervision on the newer more automatic processes. Maintenance
(including external contract labor) represents a very small propor-
tion of the total labor force in both older and newer processes.
The greater quantity and complexity of the office machinery emz
ployed in the newer system is undoubtedly the main factor accounting
for the increase from half to one per cent of the total labor input
per unit product.

The skill levels of these two components of indirect labor
were, as expected, higher on average than those of direct labor in
both cases, and there was a greater increase in skill level with
technological change than in the case of direct labor. But because
indirect labor is a small proportion of the total, its higher
skills affect the overall skill levels and changes to only a small
degree. Thus the newer technology requires a skill level on
average about 9% higher than the older technology, or a 3% in-
crease over the estimate formed on direct labor alone.

The situation in annealing is altogether different. While
the direct labor requirements of the newer (continuous) line are
only about two thirds of those of the older (batch) process,
indirect labor requirements on this line showed a marked (nearly
50%) increase, reducing the decreases in total labor requirement
from older to newer process below 10%. Supervision, at 5 to 10%
of direct labor, represents a small part of this while maintenance
is the major contributor, with an absolute increase of 15%
(0.2 manhours). It requires a higher proportion of the total
labor input than direct work on the newer process. This too is a
reversal from the older process, where the direct input was greater.
Thus the newer process emerges as only marginally (9%) more pro-
ductive than the old; and since the maintenance force here pre-
dominantly requires skill levels well above those of the direct
labor force, with pay rates correspondingly higher, it is doubtful
that the company has achieved any labor cost reduction at all to
offset the initially higher investment for continuous annealing
equipment.

From the standpoint of methodology it is clear that omission
of the indirect labor contribution to the overall skill profiles
caused little bias in the previously reported data for mean skill
level from both these cases (Table 4.8). To this extent our
previous argument for excluding indirect labor from consideration
is corroborated. On the other hand, a sizeable discrepancy
appeared in the estimates of changes in per unit labor requirements
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TABLE 4.7: COMPOSITE (DIRECT AND INDIRECT LABOR) SKILL
DISTRIBUTIONS FOR BATCH (TL1) AND
CONTINUOUS (TL2) ANNEALING PROCESSES

Organization: Firm C

Process: Annealing Product Unit: 10 Tons

Technology (Level 1): Box Annealing

Technology (Level 2): Continuous Annealing

Source of Data: Direct Observation and Company Records

Period: September 1966 [Data Acquired - Winter 1966-1967]

1 2 3 4 5 6 7 8 9 10 11

Skill

Level

Skill

Point
Range

Manhours Per
10 Tons

Manhours as % of
Total for

Technology Level

Number of
Job Types

TL1 TL2 Change TL1 TL2 Change TL1 TL2 Change

N
---

."("i

0

N a-

10.5-11.4
9.5-10.4
8.5 -.9.4

7.5- 8.4
6.5- 7.4

5.5- 6.4
4.5- 5.4

3.5- 4.4
2.5- 3.4

1.5- 2.4
o.5- 1.4
0.o- 0.4

0.07
0.02
0.28
0.19
0.28

0.34
0.36

0.11

1.75

0.02
0.17
0.01

0.11

0.07
0.41

0.23
0.27

0.47
0.27

0.27
1.00

0.06
0.10
0.01

+0.04
+0.05
+0.13
+0.04
-0.01

+0.13
-0.09

+0.16
-0.75

+0.04
-0.07
0.00

1.9

0.6
7.3
5.3
7.8

9.4
10.0

3.0
48.6

0.6
4.7
0.3

3.3
2.1

12.5

7.0
8.3

14.4
8.3

8.3
30.6

1.8

3.1

0.3

+1.4
+1.5
+4.7
+1.7
+0.5

+5.0
-1.7

+5.3
-18.0

+1.2
-1.6
0.0

1

2

5

6

9

2

5

4
14

3

4
2

1

2

4
8

13

1

4

5

9

4
1

1

0

0

-1

+2
+4

-1

-1

+1

-5

+1

-3

-1

=

-0

=0

o..)1

Totals 3.60 3.27 -0.33 100.0 100.0 0.0 57 53 -4

Net Manhour Change -9.2%

Mean Skill Level Standard Deviation

Technology (Level 1) 2.4

Technology (Level 2) 5.4 2.5

Change +1.0 (+22.7%)
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FIGURE 4.3: COMPOSITE SKILL PROFILES (DIRECT
AND INDIRECT LABOR)
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of the second (steel) process due mainly to increase in indirect
activity. This appears to substantiate the view expressed earlier,
and by other writers, that automation of manufacturing processes
is associated with increase in proportionate weighting of indirect
labor.

However, comparison with the results of subsequent studies
detailed below suggests that the technological change from batch
to continuous processing of materials may be atypical of the
general run of technological advances, showing a larger than
normal increase in indirect labor requirements.

The pilot results also indicate that supervision and main-
tenance between them account for the bulk of the indirect labor
input, and hence suggest that further studies should include
these particular components of the labor force in order to ensure
reliable results. However, supervision may be excluded with little
risk of serious bias since it tends to be a fixed percentage of
direct labor.



CHAPTER 5: IMPACT OF REMOTE CONTROL CENTRALIZATION ON SKILL DEMANDS

IN ELECTRIC POWER GENERATION (DIRECT AND INDIRECT LABOR)

5.1 Introduction

Background and results of a skill profile comparison between
decentralized and centralized control systems for electric power
generation are presented in this chapter. This particular type of
technological change was not included in the original list drawn
up in the planning phase of the project. However, an unexpected
opportunity arose to assess its impact in the two electric utility
firms selected originally for investigation of the effects of in-
troducing process control computers. Following the format adopted
in our earlier report (Ref. 1) we present first a general and tech-
nological description of the process, then a description of the
technological advance being studied, followed by results and discus-
sion of our inquiry into consequent changes in manpower requirements
and skill profiles.

The technological advance in question consists in the centrali-
zation of previously dispersed control functions, permitting the
whole operating crew to be located together in central control rooms
with consequent improvement in ability to exchange tasks and func-
tions. This change is made feasible by advances in automatic and
remote control technology and instrumentation, but has a marked
effect on work organization and operator skill requirements. Its

skill impact is therefore of general interest.

One of the two firms where these studies were carried out also
agreed to an extension to indirect labor. It is thus possible to
present an overall estimate of the manpower and skill effects of
centralization. This permits a distinction to be drawn between the
effects of centralization and computerization, two technological
advances which are commonly confused.

5.2 Decentralized and Centralized Control in Electric Power

Generation

Recent Trends in Power Generation Technology

Thoutlo the modern power plant is impressive in the bulk and
complexity of its equipment, the process of generating electricity
is based on the simple principle that the rotation of a magnet with-
in wire coils induces movement of the electrons in the wire; the
propagation of this movement along the wire constitutes the flow
of electric current. In a power plant the magnet and wire coils



are encased, forming a generator. The rotating magnet which is
the core of the generator is extended into a shaft actuated by a
turbine, consisting of rows of circular frames each holding hundreds
of small blades set at an angle to the frame. By directing jets
of steam or streams of water against the blades, the frames are
made to revolve thus spinning the generator shaft.

The use of steam or water for driving turbines underlies the
distinction between steam power generation,(accounting for more
than 4/5 of total U.S. electricity production), and hydroelectric
generation. The present studies were conducted throughout in steam
power plants which utilize oil and/or natural gas as fuel for pro-
ducing steam; these conventional fuels have recently started to be
displaced by nuclear energy.

In power plants built before the late 1940's, steam produced
in several boilers is fed to a common supply point which in turn
distributes it to individual turbines; the supply point is known
as a "header". The header system has the merit that one or more
boilers can be laid off for overhaul or repair without shutdown
of the generators. With boilers of older construction, typically
breaking down within one to four months from the date of repair
or overhaul, this was a major consideration.

A breakthrough in boiler construction which raised their re-
liability to near 100%, led to a new conception in the design of
power plants as a whole. Capable of operating at very substantially
higher pressures and temperatures,and with a much greater steam out-
put capacity, the new type of boiler can reportedly be operated
without overhaul for periods of up to four years. The new, large,

high capacity boilers also call for less initial capital outlay
than several small boilers. Accordingly, the header system has
given way to the one boiler/one turbine/one generator "unit" system.
Improvements in turbine and generator design allow the greatly
increased steam output from the new boilers to be translated into
higher power outputs. Some of the most recently installed single
units have three or more times the capacity of some of the entire
older power plants.

These developments in operating equipment have been paral-
leled by the concentration of control functions in central control
rooms, allowing a greater measure of coordination both within the
plant and between the plant and dispatch function which mediates
between customer demand and the network of power plants. Unlike
other products, the power plant output cannot be stored and the
whole network,as well as individual plants within it, must be cap-
able of rapidly responding to short -term fluctuations in demand.
Because of this, and because of the disruptive effects power failures
have on an economy which has grown more and more dependent on elec-
tric power availability, the problem of maintaining and improving
control over production is one of the standing preoccupations of
the industry.
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Even in the oldest plants many of the process variables are
regulated by local automatic control loops; these are linked to
control boards mounted close to the operating equipment permitting
manual override. With centralization, the control boards were re-
tained as relay boards and important instrument measurements are
transmitted to new integrated panels in the central control room.
Pneumatically actuated valves were installed to permit remote
manual control from the central control room to be substituted for
local automatic control whenever necessary. Conversion from the
"header" to the consolidated one boiler/one turbine/ens generator
"unit" system facilitated implementation of centralized control.

Present practice favors the use of one central control room
to every two "units': and the allocation of a complete crew to it.
To link four or more units to a single control room, apart from
presenting technical difficulties, is considered by some engineers
to place an excessive load on the crews and to endanger both per-
sonnel and equipment.

As of March 1965, 81 digital process control computers were
in use in steam electric power plants across the nation (Ref. 13).
increased safety, improvement in continuity of service, and reduc-
tion in fuel, operating and maintenance costs are usually given as
the main reasons for the installation of process control computers.
However, the amount of control exercised by the computers that
were actually installed in generating plants of most of the larger
utility companies in the U.S. falls far short of being either com-
plete or continuous. Closed-loop operation is confined to start-
ups and shutdowns, which are relatively infrequent events, while
in the day to day operation of power plants the computer is emp-
loyed mainly to warn operators of unusual plant conditions. Other-
wise the major portion of computer capacity is devoted to data-
logging and to performance calculations. All in all, the impact
of process computers to date has been small.

The overall impression gained by the investigators in the
firms studied is of an industry in a state of consolidation of
recent technological advances: even with the growing use of nuclear
energy, the operational and organizational pattern now established
in the newer plants is not expected to change,except in relatively
minor respects.

More detailed descriptions of the steam electric power genera-
tion process, and of some of the more important control aspects of
this process, will be found in Appendix C, Section 2.

Definition of Technology Levels

Electric power plants were originally selected for study as
being typical of industrial processes where conventional (analog)
automatic control was being replaced by, more or less direct com-
puter control. During our preliminary inquiries it became evident
that centralization of control is a necessary prerequisite to
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computerization, and generally antedates it by some years. While
in certain cases the two developments tend to merge, they represent
distinct stages of technological progress, centralized non-computerized
control being the typical system in use in process plant in the re-
cent past. Put another way, the decision to centralize control
must precede the decision to computerize, but the former does not
imply the latter. However, sophisticated analog automatic control
technology, the possession of reliable remote actuated control
devices, and reliable remote reading instrumentation are prerequisite
to centralization. Once these technological advances are consoli-
dated in a given process industry, centralization is a natural, in-

deed inevitable,step to take. Therefore centralization really implies
arrival at an advanced technological level in automatic control
and instrumentation.

Some electricity generating concerns have decided that com-
puterization does not currently repay its cost, and for these cases
centralized automatic/manual control is the standard current tech-
nology.

In the light of the above considerations, it was decided to
investigate and develop skill profiles for three technology levels,
defined respectively as non-centralized (TL1), centralized (TL2)
and centralized/computerized (TL3) process control. Plants opera-
ting at each of these three levels were found in both cooperating
utilities, which are identified by the code letter; J and K.

The analysis in this chapter will be confined to comparisons
between the non-centralized and centralized control technologies;
both modes of control can also be viewed as forms of semi-automatic
control. Comparisons between the centralized and centralized/com-
puterized control modes are included in the next chapter, where they
figure alongside other studies of the effects on manpower and skill
requirements of manual and computer control respectively.

The comparison was unfortunately complicated in some of the
power plant case studies by differences in control technology coin-
ciding with differences in plant capacity. Where this occurs it
is impossible to determine whether a given decrease in manhours
per unit output (106 kwhr) should be ascribed to altered control
methods or equipment or merely to a fortuitous increase in capacity.
To escape from this dilemma the manhours expanded in toto and at
each skill level were related to plant operating hour as well as
to unit output. Any manhour changes per unit output are effectively
net changes, whereas changes per plant operating hour result ex-
clusively from changed methods of operation and control.

Description of Non-Centralized and Centralized Plants

It would have been desirable to select, at least in each com-
pany, plants identical in every respect except for the independent
variable of non-centralized and centralized control. As evident
from the table following, this aim was only partially achieved.
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On a priori grounds it further seemed particularly important to
find in both companies plants matched in generating capacity and
in the number of boilers and turbine-generators. Plants Jl and
J2a met this criterion perfectly, while Plants Kl and K2, though ap-
proximately equal as to number of pieces of operating equipment,
had very different capacities. It was this difference which com-
pelled a supplementary analysis of skill profiles related to plant
operating hours.

TABLE 5.1: CHARACTERISTICS OF NON-CENTRALLY (TL1)

AND CENTRALLY (T1.2) CONTROLLED POWER PLANTS

Plant Code Name J1
--

J2a Kl K2

Built In 1949

--

1954
(Modernized) 1930 1961

Control
System

(Technology
Level)

Non-
Centralized

(TL1)

Centralized
(TL2)

Non-
Centralized

(TL1)

Centralized
(TL2)

Main Plant
Design Features

Header System
with Single
Stage, Single
Flow /

1%irbine

Units

As Jl

Header System
with Vertical,

Compound,
Single-Flow

Turbine Units

Unit System
with Cross-

Compound, Four
Flow,Turbine

Units

Generating
Capacity

Number of
Boilers

Number of.
Turbine-

Generators

Steam
Generating.
Capacity Per

Boiler

Capacity of
Each Turbine-
Generator

300 MW

7

4

400,000 lb/hr

75 MW

300 MW

7

4

400,000 lb/hr

75 MW

122 MW

3

2

500,000 lb/hr

61 MW

660 MW

2

2

2,160,000 lb/hr

330 MW
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With regard to the independent variable, plants Jl and Kl are
typical examples of decentralized control which was general to all
power plants built in the 1930's and 1940's. Perhaps the term "dis-
persed" control would have been more descriptive of the older system
then "non-centralized". Individual operators were stationed at
the boilers, the turbines, the hmiler feed pumps, and at various
auxiliary equipment locations. The control boards situated in im-

mediate proximity to each piece of equipment only displayed status
information about this operating equipment, coordination of activities
being maintained through voice communication. The operators, though
thoroughly familiar with the equipment under their immediate control,
had only very superficial notions about other operating equipment
or the functioning of the system as a whole. Rotation within op-
erating crews was apparently not widely practised. A simplified
generalized representation of the manning scheme in a non-centra-
lized plant is shown in Figure 5.1. More detailed flow diagrams
and manning schemes for the two plants are included in Appendix C,
Figures C6 and C10.

Of the two plants representative of the centralized control
technology, plant J2a is physically identical with plant Jl; a cen-
tral control room was set up in 1954 and all the control gear inside
it is simply a duplicate version of the remotely located panels
(which were left in situ). Plant K2 on the other hand was from
the start conceived as a one boiler/one turbine/one generator "unit"
system,with a central control room as an integral part of the system.
The steam-generating capacity of its two boilers (Table 5.1), which
produce over four times as much steam as did the two boilers in
plant Kl, is the main factor responsible for its much larger over-
all power generating capacity, which compares favorably with the
most up-to-data plants in the U.S.

Some of the technical aspects of centralized control have been
outlined in the introductory section,and further explanations are
given in Appendix C,which also contains separate flow diagrams of
plants J2a and K2. A graphic overall impression of the manning of
centralized plants is conveyed by the simplified diagram in Figure 5.2.

5.3 Manpower and Skill Impact of Centralization

To characterize the changes in the work system brought about
by the centralization of control functions, it is insufficient to
refer merely to the concentration of previously dispersed operators
within the walls of a central control room,or to the reduction in
the size of the working crews. Each operator in the central room
must now be "polyvalent" in the sense that he has to understand and
be able to deal with the exigencies of the whole system. For this
he needs initially a much broader conception of the system, and
must in the course of his experience build up a much more extensive
and diversified schema of its functioning. On top of this he must
sustain a substantially higher level of vigilance. He is constantly
reminded of the potentially catastrophic consequences of failure,
and encouraged to broaden his theoretical knowledge. More and more
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managements of electrical utilities tend to view the training of
their operators not as a relatively brief episode with a definite
terminal point but rather as a continuing process. This should
be borne in mind in assessing the quantitative shifts in the skill
distributions.

Changes in Manhour Requirements

As the output capacity of Plant Jl remained the same after
its conversion into centrally controlled Plant J2a, the percentage
decrease in the total manhour inputs is the same whether unit pro-
duct (Table 5.2a and Figure 5.3a) or plant operating hour (Table 5.2b
and Figure 5.3b) is taken as basis for computation. The decrease
is close to 50%, and is strikingly similar to the decrease recorded
for the two plants in Firm K when considered on the per plant opera-
ting basis (Table 5.3b and Figure 5.4b). These manhour reductions
are ascribable entirely to the change in the control technology
used, which is evidently capable of halving the manpower require-
ments of a generating plant.

This certainly amounts to a marked improvement in labor utili-
zation. However, where the centralized control technology coin-
cides with the installation of higher output capacity equipment,
as happened in Plant K2, the per unit kwhr manhour reductions are
much greater. To produce a kwhr in Plant K2 required less than
la of the manhours needed in Plant Kl.

That the newer control technologies demand more skill on the
part of the operating crews is shown unambiguously by the very
large increases in mean skill levels from TL1 to TL2 and also by
the shifts in the distribution which have radically changed the
shape of the skill profiles. The mean skill level of the operator
in Plant J2a is some 40% higher than in Plant Jl; and in Plant K2
it is nearly 80% higher then in Plant Kl. In the centralized plants
of both firms operators in the higher skill level categories now
constitute all or most of the crews. There are however some notable
differences between the two centralized plants. The Plant K2 profile
which is skewed towards the highest skill levels retains some lower
level manhours; the Plant J2a profile has no lower skill manhours,
and the medium skill manhours still predominate over the highest
skills.

The changes in the skill distributions between TL1 and TL2
were tested for statistical significance by two analyses of vari-
ance, one based on per unit output and the other on per plant basis.
In each case variance estimates were obtained for three skill levels

Manhours by skill level have in each instance been related both
to unit output (106 kwhr) and to plant operating hour. Tables and
skill profile diagrams developed on these alternative bases are
presented facing each other separately for Plants J1, J2a and for
Plants Kl, K2. The reasons for this expedient are explained on p.48.
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TABLE 5.2: DIRECT LABOR FORCE SKILL DISTRIBUTIONS FOR NON-CENTRALLY
(TL1) AND CENTRALLY (TL2) CONTROLLED POWER PLANTS IN UTILITY J

(a) Basis: 106 kwhr

Organization: Electric Utility J

Process: Power Production by Steam-Electric Process

Technology (Level 1): Non-Centralized Control

Technology (Level 2): Centralized Control

Source of Data: Direct Observation and Firm's Records

Period: 1950-1952 (TL1) and 1964-1967 (TL2) [Data Acquired - Winter 1966]

1 2 3 4 I 5 6 I 7 8 9 1 10 11

Skill

Level

Skill
Point
Range

Manhours Per

10 kwhr

Manhours as % of
Total for

Technology Level

Number of
Job Types

TL1 TL2 Change TL1 TL2 Change TL1 TL2 Change

6

li, 5

=
4

449-530

367-448

285-366

203-284

121-202

38-120

0.0

3.3

6.7

16.7

6.7

0.0

3.3

4.1

10.0

0.0

0.0

0.0

+ 3.3

+ 0.8

+ 3.3

-16.7

- 6.7

0,0

0.0

10.0

20.0

50.0

20.0

0.0

19.o

23.6

57.4

0.0

0.0

0.0

+19.0

+13.6

+37.4

-50.0

-20.0

0.0

0

1

2

3

1

0

1

1

1

0

0

0

+1

0

-1

-3

-1

0

= 3

-o
o 2

3
1

o-J 0

Totals 33.4 17.4 -16.0 100.0 100.0 0.0 7 3 -4

Net Manhour Change -47.9%

Mean Skill Level Standard Deviation

Technology (Level .1) 267.0 59.8

Technology (Level 2) 367.4: 57.9

Change 1-100.4
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(b) Basis: Plant Operating Hour

Organization: Electric Utility J

Process: Power Production by Steam Electric Process

Technology (Level 1): Non-Centralized Control

Technology (Level 2): Centralized Control

Source of Data: Direct Observation and Firm's Records

Period: 1950-1952 (TL1) and 1964-1967 (TL2) [Data Acquired Winter 1966]

1 2 3 4 5 6 7 8 9 10 11

Skill

Level

Skill

Point

Range

Manhours Per
Plant Operating

Hour

Manhours as % of
Total for

Technology Level

Number of
Job Types

TL1 TL2 Change TL1 TL2 Change TL1 TL2 Chance

6

.cm 5

4

449-530

368-448

285-366

203-284

121-202

38-120

0.0

1.0

2.0

5.0

2.0

0.0

1.0

1.2

3.0

0.0

0.0

0.0

+ 1.0

+ 0.2

+ 1.0

- 5.0

- 2.0

0.0

0.0

10.0

20.0

50.0

20.0

0.0

19.2

23.1

57.7

0.0

0.0

0.0

+19.2

+13.1

+37.7

-50.0

-20.0

0.0

0

1

2

3

1

0

1

1

1

0

0

0

+1

0

-1

-3

-1

0

5
n 3

-o
o 2

1

0
_,

Totals 10.0 5.2 - 4.8 100.0 100.0 0.0 7 3 -4

Manhour Change Due to Technological Change -48.0%

Mean Skill Level Standard Deviation

Technology (Level 1) 267.0 59.8

Technology (Level 2) 367.4 57.9

Change +100.4

76



FIGURE 5.3: DIRECT LABOR FORCE SKILL PROFILES FOR NON-CENTRALLY (TL1)
56 AND CENTRALLY (TL2) CONTROLLED POWER PLANTS IN UTILITY J

(a) Basis: 10
6

kwhr

NON-CENTRALIZED CONTROL

L

3

0

in
L

0

20

15

10

0.0

38-120

Total Manhours/10
6
kwhr = 33.4

Mean Skill Level = 267.0

16.7

6.7 6.7

3.3
0.0

CENTRALIZED CONTROL

121-202 203-284 285-366 367-448 449-530

Skill Level (In Skill Factor Points)

L

3

0
tf)

0

20

15

10

5

0
0.0 0.0 0.0

Total

Mean

Manhours/10

Skill Level

6
kwhr = 17.4

= 367.4

10.0

4.i

3.3

38-120
t

121-202
I

203-284 285-366 367-448 449-530

Skill Level (In Skill Factor Points)

CHANGES - OLD TO NEW TECHNOLOGY

5

0

- 15

- 20

6.7

3.3 3.3

0.8

16.7



4171,.rilte,st mem

(b) Basis: Plant Operating Hour
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TABLE 5.3: DIRECT LABOR FORCE SKILL DISTRIBUTIONS FOR NON-CENTRALLY
(TL1) AND CENTRALLY (TL2) CONTROLLED POWER PLANTS IN UTILITY K

(a) Basis: 10
6

kwhr

Organization: Electric Utility K

Process: Power Production by Steam-Electric Process

Technology (Level 1): Non-Centralized Control

Technology (Level 2): Centralized Control

Source of Data: Direct Observation and Firm's Records

Period: Winter 1967

1 2 3 4 1 5 6 7 8 9 1 10 11

Skill

Level

Skill

Point
Range

Manhours Per

10
6
kwhr

Manhours as % of
Total for

Technology Level

Number of
Job Types

TL1 TL2 Change TL1 TL2 Change TL1 TL2 Change

6

-5, 5

=
4

449-530

367-448

285-366

203-284

121-202

38-120

0.0

2.0

8.2

32.8

16.4

16.4

3.0

1.5

1.5

0.0

0.8

0.0

+ 3.0

0.5

- 6.7

-32.8

-15.6

-16.4

0.0

2.7

10.8

43.3

21.6

21.6

44.1

22.1

22.1

0.0

11.7

0.0

+44.1

+19.4

+11.3

-43.3

- 9.9

-21.6

0

1

1

2

1

1

2

1

1

0

1

0

+2

0

0

-2

0

-1

E
n 3

-0
o 2

1

o
-J 0

Totals 75.8 6.8 -69.0 100.0 100.0 0.0 6 5 -1

Net Manhour Change -91.0%

Mean Skill Level Standard Deviation

Technology

Technology

Change

(Level

(Level

1)

2).

216.4

386.7

+170.3

77.4

91.3

79
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(b) Basis: Plant Operating Hour

Organization: Electric Utility K

Process: Power Production by Steam-Electric Process

Technology (Level 1): Non - Centralized Control

Technology (Level 2): Centralized Control

Source of Data: Direct Observation and Firm's Records

Period: Winter 1967

1 2 3 4 5 6 7 8 9 10 11

Skill

Level

Skill

Point
Range

Manhours Per
Plant Operating

Hour

Manhours as % of
Total for

Technology Level

Number of
Job Types

TL1 TL2 Change TL1 TL2 Change TL1 TL2 Change

6

.c
cn 5

4

449-530

367-448

285-366

203-284

121-202

38-120

0.0

0.3

I.o

4.0

2.0

2.0

2.0

1.0

1.0

0.0

0.5

0.0

+ 2.0

+ 0.7

0.0

- 4.o

- 1.5

- 2.0

0.0

3.2

10.8

43.0

21.5

21.5

44.5

22.2

22.2

o.o

11.1

0.0

+44.5

+19.0

+11.4

-43.0

-10.4

-21.5

0

1

1

2

1

i

1

1

0

1

0

+2

0

0

-2

0

-1

g 3

13 2

o
-J

0

Totals 9.3 4.5 4.8 100.0 100.0 0.0

Manhour Change .Due to Technology Change -51.6%

Mean Skill Level Standard Dev la t ion

Technology (Level 1)

Technology (Level 2).

1:Naln9P

216.4

386.7

+170,3



60 FIGURE 5.4: DIRECT LABOR FORCE SKILL PROFILES FOR NON- CENTRALLY (TL1)
AND CENTRALLY (TL2) CONTROLLED POWER PLANTS IN UTILITY K
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(lower, medium, higher) and for two technology levels (non-centralized,
centralized), the "between firms" variance serving as a check on the
bias introduced by differences between the firms. The figure of
most interest is the variance ratio for the technology X skill level

interaction which is in effect a measure of the extent to which the
change in technology has affected skill requirements.

Owing mainly to the large difference in the output capacities
of plants Kl and K2, reflected in a large residual or error vari-
ance, the analysis of the manhour Per unit product data (Table 5.4a)
yielded statistically non-significant results throughout. The
same analysis based on manhours Per plant operating hour (Table 5.4b)
showed that the technology X skill level interaction contributes
more than any other effect to the total variance. Expanded ver-
sions of Tables 5.4a and 5.4b will be found in Appendix C.

Changes in Skill Content

In both utilities the variety of job types decreased as a
consequence of centralization: from 7 to 3 in Utility J, from
6 to 5 in Utility K. As foreshadowed in the profiles, new high
skill level jobs were created and low skill level jobs eliminated.

Changes in Educational. and On-the-Job Experience Requirements

Estimates of the educational levels of individual operators
were made by the researchers after discussions with management
personnel and are given in Appendix C. Benchmarks for the esti-
mates of required on-the-job experience,which are also shown in
this Appendix,were supplied by Utility J. The estimates were averaged
over both firms, and the averaged values are given in Tables 5.5
and 5.6.

Judged by the respective mean educational levels, the opera-
tors in the centralized plants seem to require only slightly more
of a general educational background then the operators in the older
non-centralized plants. However, this slight rise reflects the
complete elimination of operators without high school education.
The centralized plants are staffed exclusively by high school gradu-
ates or near high school graduates.

Requirements for on-the-job experience have risen dramatically.
The mean length of experience in the centralized plants is now 5
years, compared with less than 11 years in the non-centralized
plants. It appears that any operator with less than two years
experience is regarded as a trainee and is not allowed to take in-
dependent charge of the system. At the other end of the scale it
is noteworthy that nearly one third of what are presumably key
operators in the, centralized plants are expected to have on-the-
job experience exceeding 61 years; such a high requirement did not
exist for any operators in the older system.

83
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TABLE 5.4 : STATISTICAL SIGNIFICANCE TEST OF CHANGES IN SKILL

LEVEL REQUIREMENTS ASSOCIATED WITH CHANGES IN

TECHNOLOGY (DIRECT LABOR ONLY)

(a) Basis: 106 kwhrs

Source of Variance D.F. V.R. Significance Level

Between Skill Levels

Between Technologies

Between Firms

SL x T

SL x F

T x F

2

1

1

2

2

1

4.47

12.37

1.74

4.97

1.25

4.85

/;bie,

s,
,>/

/0.
/0

,>
0

(b) Basis: Plant Operating Hour

Source of Variance D.F. V.R. Significance Level

Between Skill Levels 2 19.92 P < 0.025

Between Technologies 1 19.94 P'< 0.025

Between Firms 1 0.49

SL x T 2 126.44 P < 0.050

SL x F .2 7.11

T x F 1 0.00
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TABLE 5.5: BEFORE AND AFTER CENTRALIZATION ESTIMATED HIGH SCHOOL
EDUCATION REQUIREMENTS, POWER GENERATION, FIRMS J AND
K (DIRECT LABOR ONLY)

High School
Education
(Years)

Average Manhours Per
Plant Operating Hour

Average Manhours as % of
Total for Each
Technology Level

TL1 TL2 Change TL1 TL2 Change

3 - 4 8.6 4.9 - 3.7 89.6 100.0 +10.4

1 - 2 0.0. 0.0 0.0 0.0 0.0 0.0

0 1.0 0.0 - 1.0 10.4 0.0 - 10.4

Mean Educational Level TL1 TL2

(Years of High School) 3.2 3.5

TABLE 5.6: BEFORE AND AFTER CENTRALIZATION.ESTIMATED.ON-THE-JOB
EXPERIENCE REQUIREMENTS, POWER GENERATION, FIRMS J
AND K

On-the-Job
Experience
(Months)

Average Manhours Per
Plant. Operating Hour

Average Manhours as % of
Total for Each
Technology Level

TL1 TL2 Change TL1 TL2 Change

78 - 114 0.0 1.5 + 1.5 0.0 30.6 +30.6

54 - 77 0.6 1.1 + 0.5 6.2 22.5 +16.3

24 - 53 0.0 2.0 + 2.0 0.0 40.8 +40.8

12 - 23 6.0 0.0 - 6.0 62.5 0.0 -62.5

0 - 11 3.0 0.3 - 2.7 31.3 6.1 -25.2

Mean Length of Experience TL1 TL2

(Months) 16.8 60.1
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It must thus be concluded that the high skill levels of the
operators in a centralized plant are for the most part a result
of the much extended on-the-job experience the operators have to
undergo. Also the requirements for,3-4 years of high school educa-
tion seems to be more strictly enforced: without this prerequisite
operators are presumably not considered capable of absorbing the
theoretical concepts and principles the mastery of which is coming
to be regarded as a conditio sine qua non of reliable and effec-
tive control performance.

Composition and Structure of Indirect Labor in Power Plants of

Utility J

Agreement was sought and obtained from Firm J to extend the
data collection to cover the main components of its indirect labor
force: maintenance and first line supervision. Not included in
the study were clerical personnel and personnel classified as over-
head--higher level supervision and plant engineers.

Unlike direct labor, which is permanently assigned to the
plant equipment, maintenance and first line supervision divide
their time between all the plants making up a generating station.
Thus any changes in technology normally react on the structure and
composition of indirect labor and this is especially so with the
maintenance force. A good illustration is provided by the two
plants K1 (non-centralized) and K2 (centralized). The changes that
took place were as much actuated by the replacement of the header
system by the unit system, as by the concentration of operating
functions in a central control room. These two types of change
tend to go together in power plants.

Replacement of header by unit systems was coincident with the
realization that any gains accruing from the much more highly pro-
ductive and reliable units would be more than cancelled out by pro-
longed layoffs,resulting from breakdowns occuring during the period
between scheduled overhauls. One way of cutting doWn repair time
would have been to build up the maintenance crews at each station- -
a very uneconomic solution as the crews would have been idle for
long periods of time. InStead it was decided to reduCe station
maintenance by about a half and to set up a fUnctionally indepen-
dent Divisional Maintenance group under its own supervision. This
group, made up of highly coordinated and speclalized squads, carries
out all overhaul work on a rotating schedule. At the request of
Station Chiefs, squads are also dispatched at short notice to rein -
force standing station maintenance crews in emergencies.

The second deVelopMent was in response to the:proliferation
of -instrumentation and:control gear. Instrument maintenance per-
sonneLateach:station was split off. fromAeneral plant maintenance.
and subordinated to the Chief Plant Engineer.
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A graphic representation of the change in organization that
took place when Jl was converted to J2a is given in Figures 5.5
and 5.6, where the manpower covered by this report is shown in heavy
outlines combined with cross hatching.

As was done in the case of the direct labor results, the man-
hours of the indirect labor components considered here will in each
instance be presented on a per unit product basis (106 kwhr) and
on a per plant operating hour basis. Changes in manhours per plant
operating hour reflect exclusively the effects of technological
changes, as they discount differences in plant capacity. Changes
in manhours per unit product on the other hand show the net effect
of both differences in capacity and/or changes in technology.

Indirect Labor Requirements in Plants Jl and J2a

Detailed breakdowns of maintenance manhours by still level
prorated to unit output (106777a771to plant operatihg hour
are given in Tables C5a and C5b and Figures C13a and C13b in Ap-
pendix C, Section 9. The main results have been summarized in
Table 5.7 below.

TABLE 5.7: CHANGES IN MAINTENANCE MANHOUR

AND SKILL REQUIREMENTS

Plant
Control
System

Type
Capacity

(MW)
'

Manhours
Per

10 kwhr

Manhours
Per Plant
Operating

Hour

Mean
Skill
Level.

No. of
Job

Types

J1.

J2a

Non-
Centralized

Centralized

ea er

Header

300.

300

31.0

26.6

9.3

8.0

262.9

258.9

12

17

Since both plants have header systems and their capacity is
also the same, it would be easy to conclude that the 14% reduction
in manhour requirements must have been a direct result of centra-
lization. In fact, however, centralization coincided with the
creation of the Divisional Maintenance group and the simultaneous
curtailment of station (in-plant) maintenance crews; and the policy
decision back of this organizational change seems to have been

---ma-i-ni r-b-as-ed ors Li% --reptantiehr-b-r-h-eader generating s y-ssystems by Unit-
systems in other plants of the Utility Company J. It is doubtful,
to say the least, that centralization had any appreciable influence
on the decision.
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The decrease in mean skill level is no more than a chance ef-
fect. More noteworthy is the rise in the number of job types from 12
to 17. another immediate consequence of the setting up of Divisional
Maintenance. It confirms, if confirmation is needed, the intended
increase in specialization of the maintenance force.

A summary of the differences in supervisory manhours and skill
requirements in Plants Jl and J2a is given in Table 5.8, the total
differences being mainly determined by the reduced requirement for
operating supervision.

TABLE 5.8: CHANGES IN FIRST-LINE SUPERVISION (OPERATING

AND MAINTENANCE) MANHOUR AND SKILL REQUIREMENTS

Plant Supervision
Manhours

Per

106 kwhr

Manhours
Per Plant

Optg.Hr.

o. of
Job Types

Mean
Skill Level

Operating 10.40 3.12 4 455.6
Jl

Maintenance 0.80 0.24 1 462.0

Total 11.20 3.36 5 I Average 456.1

Operating 3.73 1.12 3 485.9
J2a

Maintenance 1.77 0.53 8 469.5

Total 5.50 1.65 11 Averagi 480.7

Total supervisory manhours in Plant J2a are almost exactly half
of those in Plant Jl, the operating supervision manhours alone having
decreased by nearly two thirds. This decrease was directly con-
nected with centralization of control, when a single Operating Fore-
man replaced a Head Boiler Operator and J Head Turbine Operator,
both supervisory positions (see Figure 5.6). The countervailing
increase in maintenance supervision manhours mainly reflects the
setting up of Divisional Maintenance; as evident from the next to
last column of Table 5.8, seven new supervisory positions were created
for the new groups. ''

The mean skill level of the entire first-line supervision
(based on the researchers' estimates), which has risen by about
6% on average, suggests that supervisors of a higher caliber are
required in the centralized plant; this applies especially to the
operating supervisors.
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Changes in Aggregate Labor Inputs by Skill Level

To provide a comprehensive view of the manpower and skill
effects of centralization of power plant control, the results of
the direct and indirect labor studies in the plants of Utility J
have been pooled and are presented in Figures 5.7a and 5.7b.

As the non-centralized and centralized Plants Jl and J2a have
the same generating capacities, and any manhcur and skill changes
observed could thus only be due to changes in technology, it was
immaterial whether the per unit output or the per plant operating
.hour basis was used. The per unit output basis is in fact used
in Table 5.9 to show the absolute and relative manhour inputs of
each component of the work force.

TABLE 5.9: AGGREGATE CHANGES IN DIRECT AND INDIRECT

LABOR MANHOUR REQUIREMENTS

Manhours Per 10
6

kwhr .

Manhours as %
of Total for
Each Technology

Level

TL1 TL2
cy_

Chan
'
ge

TL1 TL2

Direct Labor

Indirect Labor

Maintenance

Supervisory

Clerical

,_

33.4

42.'2

31.0

.11.2

.. small

17.4 :

32.1

26.6

5.5

small

-48

-24

714

-51

44

56

41

15

35

.65

54

.11

Totals :75..6 49.5 '735 100 100

The overall effect of centralization has been a one third
reduction in total manhour requirements, the direct labor inputs
having been cut by nearly one half, the indirect labor inputs by
nearly a fourth. As a result the preponderance of indirect over
direct labor has increased to the point where the latter component
supplies two thirds of the total manhour input, the raised main-
tenance requirements being the main contributing factor. Super-
vision which accounted for 15% of the, total input at TL1 accounts
for only just over 10% in the centralized plant.



FIGURE 5.7: COMPOSITE SKILL PROFILES FOR TOTAL LABOR FORCE IN
71 POWER PLANTS J1 (NON-CENTRALIZED CONTROL) AND J2a

(CENTRALIZED CONTROL)
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Table 5.10 shows the mean skill levels at both technology
levels. Contrary to expectations, the newer technology appears
to require greatly increased skills from direct labor, while main-
tenance skills have remained about the same as at TL1,and are at
TL2 substantially below those of the direct labor force. Super-
visory skill requirements too have risen.

TABLE 5.10: AGGREGATE CHANGES IN DIRECT AND

INDIRECT LABOR SKILL REQUIREMENTS

TL1 TL2 % Change

Direct Labor 267.0 367.4 +43.8

Maintenance 262.9 258.9 - 1.8

Supervisory 456.1 480.7 + 5.9

All Labor 293.3 321.6 +11.1

Comparison of the shapes of the skill profiles for the aggre-
gate labor inputs (Figures 5.7a and 5.7b) indicates a pronounced
shift toward the higher end of the skill scale. Whereas at TL1
over 80% of all manhours were at low and lower medium skill levels,
their share has shrunk to little over 25% after centralization.

5.4 Discussion of Effects of Centralization of Control

Concentration of control activities in central control rooms
is not usually regarded as a distinct aspect, of automation, either
because, the control activities themselves are little affected, or
because centralization is overshadowed by the coincident instal-
lation of process computers, in which case any subsequent effects
in production or productivity tend to be ascribed to the computer.
What is overlooked is that centralization always poses some very
intricate problems of automatic control, design which, once solved,
advance the system most of the way towards computerization, regard-
less of whether or not a computer is actually installed. The studies
of steam electric power plants reported in Chapter 5,and in Section
6.2 of Chapter 6,helped to highlight this fact through the compari-
sons they permitted between non-centralized and centralized plants
on the one hand, and centralized and centralized/computerized plants
on the other.

The impact of centralization on the manpower requirements in
steam electric power plants was found to be considerable,and there
is every reason to assume that centralization has had, or will have,

4
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CHAPTER 6: IMPACT OF THE APPLICATION OF DIGITAL PROCESS-CONTROL

COMPUTERS ONSKILL DEMANDS OF CONTINUOUS-FLOW PROCESSES

(DIRECT AND INDIRECT LABOR)

6.1 Standard Automatic Control vs. Computer Control of Continuous

Manufacturing Processes

The introduction of digital computers for online real-time
monitoring and control of manufacturing processes represents a
distinct stage of automation, which in principle can have a major
effect on manpower, since for the first time it permits fully auto-
matic (unattended) operation. It is a new development, since the
first known applications date only from the late 1950's, and in
1963 there were only some 200 process-control computers in the
U.S.A. The current growth rate indicates that there will be about
1,500 by 1970, aggregated over all industries.

At the time of submitting the proposal (December 1965) our
technological familiarity with this type of development was strict-

- ly limited, and our initial research efforts were therefore directed
towards acquiring more detailed information on processes and appli-
cations of computers in various industries. Visits were made to oil
refineries, cement' plants, air products plants and electric power
plants.

It became clear both from the literature survey and from these
visits that there are several technologically distinct types of on-
line computer application, with markedly different allocations of
operating functions as between computer equipment, conventional
automatic-control equipment and men (including operating crew, main
tenance force and management). The matrix on page 77 sets out the
technological options actually encountered in out studies.

"A" indicates the normal allocation of function in a fully
"manually controlled" plant, such as an older cement kiln; "B"
describes a normal modern automatically-controlled plant such as
a newer cement kiln or oil refinery process without a computer;
Cl and C2 show two types of what may be called "computer-aided"
automatic-control situations in which the plant is regulated by a
number of independently operating analog (usually pneumatic)
automatic controllers with manually adjusted set-points. The

computer in this case serves two functions: 1) to log data and
make performance calculations which serve as a basis for set-point
changes which are actually carried out by technical staff or
operating crews; and/or 2) to scan instruments, detect the occur-
rence of nonstandard conditions requiring remedial action and draw
the operating crew's attention to them, without actually initiating
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corrective actions. This is known as "open-loop" on-line computer
application. In certain cases the computer may also control start-
up and shutdown sequences.

The currently most advanced on-line computer-controlled process
plants (e.g., air separation plant) have functions allotted as in D.
In this case the operating crew has been displaced entirely by a
combination of analog automatic controllers and a computer, and any
functions that cannot be carried out by the computer are allocated
to technical staff on an intermittent basis. A further technolo-
gical development known as direct-digital control (DDC), at present
rarely applied, transfers routine control functions from numerous
conventional analog devices to the (single) computer,operating on a
time-shared basis. When it does appear in quantity, DDC appears
likely to have little or no further manpower impact, representing
simply a transfer of control from one hardware device to another.

While, given the great number of possible distributions of
function between operating crew and analog and digital automatic-
control devices, the four technological stages described above are
by no means mutually exclusive or clearly demarcated, they do seem
sufficiently well defined to permit comparative manpower and skill
studies of the type desired.

The overall pattern of case study finally selected is set
out in the following table:

PROCESS
TECHNOLOGICAL LEVEL

2

Steam Electric
Generation Plants

Conventional.
Automatic
Control

Computer Control
(Type Cl and C2)

Catalytic Crackers
(Oil Industry)

Conventional
Automatic
Control

Computer Control
(Type C1 and C2)

-

Air Separation
Control

Fullyully Computer
Controlled
(Unattended)

Though showing a number of interesting features, computer control
in the cement industry was rejected as unsuitable for further study
for several reasons, the major one being that the computer-control
system was evidently not fully operational in the plant visited. The
picture in the plants visited was also complicated by a number of
overlapping technological and organizational advances whose effects
would have been difficult to isolate, among them better thermal
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design of kilns, centralization of operating facilities, increased
scale of plant, different and better materials-handling facilities,
and improved sampling and laboratory testing methods.

The remainder of this chapter sets out the results of the
three studies listed in the table above, each being treated as a
self-contained whole.

6.2 Process Computers in Electricity Generation

Process Description*

Digital process computers started to be included in power plant
design in the early 1960's, less than a decade after centralized
plants had come into operation. Very likely these two developments
were not unconnected, at least in the mindi, of some managements,
though there also appeared to be a widespread appreciation on the
part of engineers of the difficulties connected with computerization.
In the upshot, the amount of control transferred to the first
computers installed was and remains small. In one of the two uti-
lities, the feeling that computers were not paying their way became
so pronounced and prevalent that they were left out of the design
of the firm's newest plant altogether. Evidently the realization
of the computer's full potential is contingent on further advances
in automatic control and in computer reliability and enhanced
process control capability.

These considerations have a direct bearing on the studies and
results reported here. Managements of neither of the two "com-
puterized" Plants J3 and K3 look upon these installations as
being in any significant sense under computer control, with the
possible exception of start-up and shutdown operations; but as
already mentioned, these are rare events. Computers are thus
perceived mainly as means of keeping operators currently appraised
of the state of the system and of alerting them to developments
calling for urgent attention or intervention.

A summary of the main characteristics of the four plants
representative of centralized (TL2) and centralized/computerized
(TL3) control is given in. Table 6.1.

The two computerized Plants J3 and K3 are remarkably similar
in most characteristics, especially in their total generating
capacity and the number of operating equipment units. This also
holds for Plant K2 which', except for the computer, is identical
with Plant K3 in every major respect. But even Plants J2b and J3
are not unlike, at least in the number of "units" of which they
are made up. Because of the desire to keep this variable controlled,

For a general deacription of.power generation processes and control
technology.,,seethapter5 and Appendix C. -For specifics of,the
computer applications see Appendix C.
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Plant J2b was preferred to the 7 boiler, 4 turbine/generator Plant
J2a used in the preceding chapter. That J2b has a lower generating
capacity than the three other plants used in this study is from our
point of view an advantage: it enables a separation of manpower
effects due to changes in control technology from those due to
sheer increase in capacity.

Detailed flow diagrams of Plants J2b, J3 and K3 which also
include manning charts and control point locations are given in
Figures C-8, C-9 and C-12 in Appendix C.

Installation of process computers has not affected the or-
ganizational structure which had become established with centra-
lization. Nor were the existing training procedures affected in
any substantial respect: according to the managements in both
firms hardly more was involved than familiarizing operators with
the meaning of alarm messages and of methods of entering the com-
puter memory store to determine system status. The problem of
interpreting the print-outs which appear in coded form, has been
partly overcome by providing a dictionary; but this is only an
interim solution to be ultimately superseded by printing the
messages in English.

Changes in Manhour Requirements by Skill Level* (Direct Labor Only)

All that has been said up to this point adds up to the expec-
tation of little or no changes in manning, or in the skill level of
the labor force. This expectation is borne out by the analysis of
the labor inputs, whether total or broken down by skill levels.

The absence of any change is incisively demonstrated in the
skill profiles contrasting Plants K2 and K3. As the two plants are
identical in total generating capacity, the change in manhour inputs,
whether considered on the unit product (Table 6.3a and Figure 6.2a)
or on the per plant (Table 6.3b and Figure 6.2h) basis, would be
exclusively referrable to the change in control--to the introduction
of the computer. There is no evidence of any change, either in the
total labor input nor in the inputs at the various skill levels.

In the second utility company, the results of the comparisons
between centralized Plant J2b and centralized/computerized Plant J3
are different,depending on the basis adopted. Table 6.2b and
Figure 6.1b, which show the data and profiles on the per plant
basis, indicate no difference between the number of manhours used
andnodifference in the shapes of the profiles. In other words, the

*
Manhours by skill level have in each instance been related both to
unit output (106 kwhr) and to plant operating hour. Tables and
skill profile diagrams developed on these alternative but comple-
mentary bases are presented facing each other, separately for Plants
J2b, J3 and for Plants K2 and K3. The reasons for this expedient
are explained on page 48.
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TABLE 6.1: CHARACTERISTICS OF NON-COMPUTERIZED (TL2)
AND COMPUTERIZED (TL3) POWER PLANTS

meemIPATOUP"Ca103nMnroMrin''''' .

Plant Code Name J2b J3 K2 K3

Built in 1957 1963 1961 1964

Control
Technology
(Technology

Level)

Centralized

(TL2)

Centralized/
Computerized

(TL3)

Centralized

(TL2)

Centralized/
Computerized

(TL3)

Main Plant
Design Features

Unit System
with Tandem
Compound,

Triple Flow
Turbine Units

Unit System
with Cross-
Compound,
Single Flow
Turbine Units

Unit System
with Cross-
Compound,
Four Flow

Turbi.le Units

As K2

Generating
Capacity

Number of
Boilers

Number of
Turbine-
Generators

Steam
Generating
Capacity Per

Boiler

Capacity of
Each Turbine-

Generator

350 MW

2

2

1,140,000 lb/h r

175 MW

640 MW

2

2

2,305,000 lb/hr

320 MW

660 MW

2

2

2,160,000 lb/hr

330 MW

660 MW

2

2

2,160,000 lb/hr

330 MW

101

1
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TABLE 6.2: DIRECT LABOR SKILL DISTRIBUTIONS FOR NON-COMPUTERIZES (TL2)
AND COMPUTERIZED (TL3) POWER PLANTS IN UTILITY J

(a) Basis: 106kwhr

Organization: Electric Utility J

Process: Power Production by Steam-Electric Process

Technology (Level 2): Centralized Control

Technology (Level 3): Centralized/Computerized Control

Source of Data: Direct Observation and Firm's Records

Period: 1962-1966 (TL2) and 1964-1967 (TL3) [Data Acquired Winter 1967]

1 2 3 14 5

---,

7 8

-
1 10 11.

Skill

Level

Skill

Point
Range

Manhours Per
6

10 kwhr

Manhours as % of
Total for

Technology Level

Number of
Job Types

TL2 TL3 Change TL2 TL3 Change TL2 TL3 Change

6

1;1 5

x 4

449-530

367-448

285-366

203-284

121-202
.

38-120

2.9

2.9

5.7

0.0

0.0

0.0

1.6

1.6

3.1

0.0

0.0

0.0

- 1.3

- 1.3

- 2.6

0.0

0.0

0.0

25.2

25.2

49.6

0.0

0.0

0.0

25.4

25.4

49.2

0.0

0.0

0.0

+ 0.2

+ 0.2

- 0.4

0.0

0.0

m

1

1

1

0

0

0

1

1

1

0

0

0

0

0

0

0

0

0

E
m 3

-c,

w 2

3 1

3 0

Totals 11.5 6.3 - 5.2 100.0 100.0 0.0 3 3 0

Net Manhour Change -45.2%

Mean Skill Level Standard Deviation

Technology

Technology

Change

(Level

(Level

2)

3)

. 377.0

377'.0

:.0 .o

. 60.3

60.3

.:
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(b) Basis: Plant Operating Hour

Organization: Electric Utility J

Process: Power Production by Steam-Electric Process

Technology (Level 2): Centralized Control

Technology (Level 3): Centralized/Computerized Control

Source of Data: Direct Observation and Firm's Records

Period: 1962-1966 (T12) and 1964-1967 (TL3) [Data Acquired Winter 1967]

1 2 3 4 5 6 7 8 y 10 11

Skill

Level

Skill

Point

Range

Manhours Per
Plant Operating

Hour

Manhours as % of
Total for

Technology Level

Number of
Job Types

TL2 TL3 Change TL2 I TL3 Change TL2 TL3 Change

6

t, 5

= 4

449-53o

367-448

285-366

203-284

121-202

38-120

1.0

1.0

2.0

0.0

0.0

0.0

1.0

1.o

2.0

0.0

0.0

0.0

0.0

o.o

0.0

0.0

0.0

0.0

25.o

25.o

50.0

0.0

0.0

0.0

25.o

25.0

50.0

0.0

0.0

0.0

o.o

0.0

0.0

0.0

0.0

0.0

1

1

1

0

0

1

1

1

0

0

0

0

0

0

0

g 3

11 2
z

i

o.

Totals 4.0 4.o o.o 100.0 100.0 0.0 3 3 0

Manhour Change Due to Technology Change 0.0%

Mean Skill LeVel Standard Deviation

.Technology (Level 2)

Technology (LeVel 3)

Change

377.0

377.0

0.0

60.3

60.3

103
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FIGURE 6.1: DIRECT LABOR SKILL PROFILES
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TABLE 6.3: DIRECT LABOR SKILL DISTRIBUTIONS FOR NON-COMPUTERIZED (TL2)
AND COMPUTERIZED (TL3) POWER PLANTS IN UTILITY K

(a) Basis: 10
6

kwhr

Organization: Electric Utility K

Process: Power Production by Steam-Electric Process

Technology (Level 2): Centralized Control

Technology (Level 3): Centralized/Computerized Control

Source of Data: Direct Observation and Firm's Records

Period: Winter 1967

1 I 2 3 4 5 6 7 8 9 1 10 11

Skill

Level

Skill

Point

Range

Manhours Per

10
6
kwhr

Manhours as % of
Total for

Technology Level

Number of
Job Types

TL2 TL3 Change TL2 TL3 Change TL2 TL3 Change

6

c
a) 5

X.
4

449-530

367-448

285-366

203-284

121-202

38-120

3.0

1.5

1.5

0.0

0.8

0.0

3.0

1.5

1.5

0.0

0.8

0.0

0.0

0.0

0.0

0.0

0.0

0.0

44.1

22.1

22.1

0.0

11.7

0.0

44.1

22.i

22.1

0.0

11.7

0.0

0.0

0.0

0.0

0.0

0.0

2

1

1

0

1

0

2

1

1

0

0

0

0

0

0

E
m 3

-,0
0 2z

1

.-I
o

0

Totals 6.8 6.8 0.0 100.0 100.0 0.0

Net Manhour Change 0.0%

Mean Skill Level Standard Deviation

Technology (Level 2)

Technology (Level 3)

Change

386.7

386.7

0.0

91.3

91.3

108

;
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(b) Basis: Plant Operating Hour

Organization: Electric Utility K

Process: Power Production by Steam-Electric Process

Technology (Level 2): Centralized Control

Technology (Level 3): Centralized/Computerized Control

Source of Data: Direci Observation and Firm's Records

Period: Winter 1967
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1 2 3 4 5 6 7 8 9 10 11

SkillSkill
Level

Point

Range

Manhours Per
Plant Operating

Hour

Manhours as % of
Total for

Technology Leve l

Number of
Job Types

TL2 TL3 Change TL2 TL3 Change TL2 TL3 Change

6

t, 5

4

449-530

367-448

285-366

203-284

121-202

38-120

2.0

1.0

1.0

0.0

0.5

0.0

2.0

1.0

1.0

0.0

0.5

0.0

0.0

0.0

0.0

0.0

0.0

0.0

44.5

22.2

22.2

0.0

11.1

0.0

44.5

22,2

22.2

0.0

11.1

0.0

0.0

0.0

0.0

0.0

0.0

0.0

2

1

0

0

2

1

0

0

0

0

.0

g 3

I) 2
x

i

0
._.,

0

Totals 4.5 4.5 0.0 100.0 100.0 0.0 5 5 0

Manhour Change Due to Technology Change 0.0%

:Mean Skill Level Standard Deviation

Technology (Level 2)

Technology (Level 3)

Change

386.7

386.7

0.0

91.3

91.3

107.
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FIGURE 6.2: DIRECT LABOR SKILL PROFILES - POWER PLANTS IN UTILITY K

(a) Basis: 10
6

kwhr
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(b) Basis: Plant Operating Hour
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introduction of the process computer has left the manning pattern
set up in the centralized Plant J2b unaffected, exactly as is the
case with Plants K2 and K3. The decrease of 45.2% in total manhour
requirements per unit kwhr found when the per unit product basis
is used (Table 6.2a and Figure 6.1a), is purely a reflection of the
difference in the capac,ities of Plants J2b (350 MW) and J3 (640 MW).

Changes in Skill Content

Installation of the computer left the individual job types in
the operating crews as well as the number of job types, unchanged in
the plants of both utilities.

Changes in Educational and on-the-Job Experience Requirements

As shown in Tables 6.4 and 6.5 there has been no change in
either the estimated general educational or the estimated on-the-
job training requirements in Plants J3 and K3 as compared with
Plants J2b and K2.

Indirect Labor Requirements in Plants J2b and J3

Data collection on indirect labor requirements was confined to
Plants J2b and J3 whose organization corresponds broadly to that
shown in Figure 5.6. The organizational pattern represented in the
figure was designed to meet the exigencies of plants operating "unit"
rather than "header" systems, and thus applies specifically to the
two plants discussed in this section. Centralization of control in

itself played a minor part, if any, in the reorganization, the main
feature of which is the functional separation of day-to-day mainte-
nance duties,allocated to small station crews, from larger overhaul
and repair tasks performed by Divisional Maintenance squads.

A summary of maintenance manhours and mean skill levels is
given in Table 6.6 on page 90. More detailed breakdowns of these
manhours prorated to unit output (10 6 kwhr) and to plant operating
hours is contained in the Tables C-6a and C-6b and Figures C-14a
and C-14b in Appendix C, Section 9.

The smaller per unit manhour requirements of Plant J3 are
exclusively ascribable to this plant's larger capacity, which is
of secondary importance in the present context. This also holds
good for the 20% increase in per plant manhour requirements, which
have to do with the greater complexity of the operating equipment
in this plant rather than with the installation of process com-
puters. The 4% difference in mean skill levels of the maintenance
force is too small even to approach statistical significance.
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TABLE 6.6: CHANGES IN MAINTENANCE MANHOURS AND SKILL REQUIREMENTS

Plant Control System
Capacity

"..,

Manhours Manhours
Per

Mean
Skill

No. of
Job

(MW) 10610' kwhr Plant Level Types

J2b Centralized Unit 350 13.3 4.7 274.3 17

J3 Computerized Unit 640 8.8 5.7 263.8 17

Supervisory manhours per plant operating hour increased very
slightly in Plant J3 due to the creation of the position of Super-
visor of Instrumentation, whose duties are exclusively in the area
of computer maintenance.

Effects of Part-Computerized Process Control on the Total Labor Force

The consolidated results of the studies of direct and indirect
labor requirements in Plants J2b and J3 are shown in Figures 6.3a
and 6.3b. It will be immediately noted that in, contrast to the
small increase in manhour requirements when these are related tp
plant operating hour (Figure 6.3b),.the use of unit product, 10
kwhr, as a basis indicates a very marked decrease in manhours
(Figure 6.3a). This decrease, as previously emphasized, is wholly
the outcome of increased plant size and hence generating capacity,
and as such only of marginal interest in the present context,
where the prime concern is with advances in control technology.
These advances have evidently not caused significant changes in
menhour requirements.

The above considerations also apply to Tables 6.7 and 6.8
which merely summarize for ease of review of the data in Figures
6.3a and 6.3b.

The limited transfer of some control functions to the computer
has clearly left the manhour inputs almost unaffected. There was
no significant change either in the skill requirements, as shown in
Table 6.9 and by the shapes of the skill profiles in Figures 6.3a
and 6.3b.

TABLE 6.9: AGGREGATE CHANGES IN DIRECT AND
INDIRECT LABOR SKILL REQUIREMENTS

TL2 TL3 % Change

Direct Labor 377.0 377.0 0.0
Maintenance 274.3 263.8 -4.4
Supervision 480.6 485.0 +0.01

All Labor 347.2 336.7 -3.4
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TABLE 6.4: BEFORE AND AFTER COMPUTERIZATION ESTIMATED HIGH SCHOOL
EDUCATION REQUIREMENTS, POWER GENERATION, FIRMS J AND K

High School
Education

Average Manhours Per
Plant Operating Hour

Average Manhours as % of
Total for Each
Technology Level

(Years)

TL2 TL3 Change TL2 TL3 Change

3 - 4 4.3 4.3 0.0 100.0 100.0 0.0

1 - 2 0.0 0.0 0.0 0.0 0.0 0.0

0 0.0 0.0 0.0 0.0 0.0 0.0

Mean Educational Level TL2 TL3

(Years of High School) 3.5 3.5

TABLE 6.5: BEFORE AND AFTER COMPUTERIZATION ESTIMATED ON-THE-JOB
EXPERIENCE REQUIREMENTS, POWER GENERATION, FIRMS J AND K

On-the-Job
Experience
(Months)

Average Manhours Per
Plant Operating Hour

Average Manhours as % of
Total for Each
Technology Level

TL2 TL3 Change TL2 TL3 Change

78 - 114 1.5 1.5 0.0 34.9 34.9 0.0

54 - 77 1.0 1.0 0.0 23.2 23.2 0.0

24 - 53 1.5 1.5, 0.0 34.9 34.9 0.0

12 - 23 0.0 0.0 0.0 0.0 0.0 0.0

0 - 11 0.3 0.3 0.0 7.0 7.0 0.0

Mean Length of Experience TL2 TL3

(Months) 62.5 62.5
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FIGURE 6.3: COMPOSITE SKILL PROFILES FOR TOTAL LABOR FORCE IN POWER PLANTS
J2b (NON-COMPUTERIZED) AND J3 (COMPUTERIZED)

(a) Basis: 106 kwhr
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(b) Basis: Plant Operating Hour
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TABLE 6.7: AGGREGATE CHANGES IN DIRECT ANp INDIRECT
LABOR REQUIREMENTS (BASIS: 10° kwhr)

Manhours Per
10 kwhr

Manhours as %
of Total for
Each Technology

Level

TL2 TL3 % Change TL2 TL3

Direct Labor

Indirect Labor

Maintenance

Supervision

Clerical

11.4

18.1

13.3

4.8

small

6.2

11,5

8.9

2.6

small

-45.6

-36.5

-33.1

-45.8

small

38.5

61.5

45.2

16.3

small

35.0

65.0

50.0

15.0

small

Totals 29.5 17.7 -40.0 (100) (100)

TABLE 6.8: AGGREGATE CHANGES IN DIRECT AND INDIRECT LABOR
MANHOUR REQUIREMENTS (BASIS: PLANT OPERATING HOUR)

Manhours Per Plant
Operating Hour

Manhours as %
of Total for
Each Technology

Level

TL2

,---

TL3 % Change TL2 TL3

Direct Labor

Indirect Labor

Maintenance

Supervision

Clerical

4.0

6.4

4.7

1.7

small

4.0

7.4

5.7.

1.7

small

0.0

+15.9

+21.3

+0.01

small

38.5

61.5

45.2

16.3

small

35.0

65.0

50.0

15.0

small

Totals 10.4 11.4 + 9.6 (100) (100)
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6.3 Process Computers in Hydrocarbon Catalytic Cracking (Oil

Refinery Application)

Process Description

Since 1913 when the thermal cracking process was introduced
commercially, technological change has become the way of life of
the petroleum industry. This new process enabled the small yield
of straight-run gasoline, resulting from the original simple dis-
tillation of crude oil in so-called tank and later pipe stills, to
be augmented by converting the heavier distillates or fractions,
previously used as fuel oils, into additional gasoline. Not only
did the yield per barrel of crude rise to near 25%, but the syn-
thetic gasoline also proved better suited for use in internal
combustion engines.

Catalytic cracking introduced in the Thirties enabled the
yield to be raised to not far short of 50%, but theoretically even
higher yields appeared possible. The commercial exploitation of
catalytic cracking processes in the industry generally was from the
start contingent on automatic control and on instrumentation; there
was an early realization that, second only to advances in catalyst
technology, progress in automatic control would henceforth be the
main factor in improving the yield and also the quality of mar-
ketable product. Of the very large sums expended by the industry
in research and development, a substantial proportion has accor-
dingly gone for some time past into automatic control technology.

At present there seem to be four areas where research and
experimentation are mainly concentrated:

1) End-point control: The gearing of plant controllers'
set-points to the desired qualities of the end product
rather than to operating characteristics.

2) Open and closed-loop computer control: The calculation
of the desired values of plant variaL.les based on an
optimizing computer control program,and the computer
control of these variables by the adjustment of controller
set-points.

3) Direct digital computer control: The direct inputting of
process information recorded by the plant sensor elements
into an electronic computer, and the direct activation of
control elements by the computer through its output
channels.

*
This section gives an overview of the technological change. For

specifics of plant and process see Appendix D.
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4) Centralized computer control: The setting up of an
integrated computer installation controlling a number of
process plants or all process plants comprising a
refinery.

All of these developments involve the use of electronic digital
computers, and catalytic crackers are a favorite site for their
initial application. Of the ninety process computers reported to
have been installed,or to be in the process of installation, in oil
refineries throughout the world at the end of 1966, twenty-two were
in catalytic cracking plants. This made these plants a suitable
selection for the present studies.

Figure 6.4 indicates the location of the catalytic cracking
unit in relation to the other process units in a diversified oil
refinery. The diagram also provides some notion of the importance
of the catalytic cracking unit in the sense that it shows how its
component outputs serve as inputs of various auxiliary processes.
The two levels of technology considered were manual as against
partially computer initiated and maintained closed-loop process
control. These two levels of control technology are briefly
discussed below, a more detailed description is given in Appendix D,
Section 1.

Control before and after Computerization

, At the older technological level, most of the hundred odd
process variables requiring regulation were controlled by automatic
devices built into the plant. The operators carried out most func-
tions from a control room equipped with display panels containing
various recording and control instruments. Even though the job
descriptions do not indicate much of a functional differentiation
especially in the F.C.C.- units, each operator was responsible for
a certain section of the unit in terms of its associated instru-
ments. Due to the complexity of the process, the activities of the
operators were highly interrelated since more than one operator was
responsible for controlling difFerent independent variables deter-
mining the values of the same dependent variables.

The control activities of the operators mainly consisted in
adjusting the set-points of the various controllers so as to main-
tain optimal operating conditions for the unit. This meant frequent
readjustments of each set-point because of disturbances from various
sources,as well as from time-lags inherent in the process.

At the newer technological level the computer has assumed
control of a small nuaiber of the more critical process variables

F.C.C. = Fluid Catalytic Cracker
T.C.C. = Thermofor Catalytic Cracker

Ab

1.
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influencing product value and conversion*. When operating in the
closed-loop mode the computer through its control program adjusts
the set-points of the controllers associated with these variables
and maintains close to optimal operating conditions over long
periods of time. Computer control is significantly smoother, since
several set-points can be changed simultaneously and there is thus
hardly any time lag between the control-program recommendations and
changes in the set-points.

Aside from the occasions when the computer assumes direct
control over some plant variables, it is permanently available as
an aid to operators, for whom it prints cut recommended settings for
several of the manually controlled variables as calculated by its
optimizing control program. Through the scan and alarm programs,
the computer also detects and informs the operator of any malfunc-
tioning of instruments. A logging program finally provides the
operator with information on process variables at predetermined
intervals or on demand. All this information is presented to the
operator in typewritten message form.

Three modes of control may be selected by the operating crew
under the newer technology:

Manual Crntrol - This is the same as the older technological level,
i.e., operator receives no aid from the computer.

Open-Loop Control - The computer does not control any of the pro-
cess variables,but prints out an "operating guide" that provides
the operator with recommended settings for several of the con-
trollable variables, based on values derived From the optimizing
control program.

Closed-Loop Control - Besides providing the operator with an
"operating guide," the computer exercises direct control over
a small number of process variables by changing the set-points
of the controller associated with these variables.

On the two F.C.C. units, closed-loop, open-loop and manual
control are used an estimated 85, 5 and 10% of the time respec-
tively; the corresponding pttrcentages for the T.C.C. unit are
90, 0 and 10. Even though it would be possible to operate the
units for more than 85-90% of the time in the closed-loop mode,
it is at present felt by the supervisors that the system should be
retained for about 10-15% of the time on manual control in order
to prevent operators becoming "rusty" and relying too heavily on
the computer.

*
As used in this report, product value is the dollar value of pro-
cess output less the value of plant feed required to produce this
output. Conversion is the yield of lighter fractions (i.e., gaso-
lines, etc, per unit of the fresh feed.
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Effect of Computer Control on Production

For competitive reasons, the firms concerned were understand-
ably not prepared to provide data on the output of their catalytic
cracking units, which would necessarily reveal their success in
achieving increased yield of the commercially most valuable lighter
fraction products. Furthermore, improvements in the catalyst and
in instrumentation not necessarily associated with the computer in-
stallation would make it difficult to isolate the change in yield
due to the introduction of closed-loop computer control. For these
reasons, the input of gas oil into the three cracking units was used
to derive the skill profiles. This variable, which is determined
by the plant throughput capacity and thus essentially remains fixed
within a range of ± 10% (in terms of barrels per day), is insen-
sitive to improvements in the efficiency of the conversion process.

Though it has not been possible to assess quantitatively what
production gains have been made through the introduction of proces3
control computers in the three refineries, it was stated by manage-
ment that in addition to the valuable operational experience which
has accumulated from the use of the process computers to date, there
have been definite production pay-offs. Inone of the refineries it
was stated that the 2% rise in product value hoped for at the time
the computer was installed,had been substantially exceeded/ This
can only mean that' the average yield of the lighter fractions has
increased, a result which is the outcome of tighter control that per-
mits the unit to be operated closer to its critical limits, However,
throughput capacity was unaffected by computerization.

Changes in Direct Labor Manpower and Skill Requirements

The' crews in the control room of all three cracking units were
the same before and after the technological change and worked the
same hours. Some reductions in per unit labor requirements con-
sequent on the computerization of the catalytic cracking unitswould
only have appeared if these requirements could have been related
to changes in the yield of gasoline. Related to 1000 barrels of
gas oil input, the manpower requirements we're. unchanged (see Figures'
6.5, 6.6 and 6.7).

From the description of the operational procedures in the con-
trol 'room in a preceding section, it appears that the activities of
the crew were not materially affected by the introduction of the
computer. This observation receives confirmation from a comparison
of the results of activity analyses, carried out in one of the re-
fineries shc.,-tly before computerization and again recently, after
the computer had become thoroughly established. Summaries of these

*
Even .a small percent increase in product value represents a major
economic gain due to the large throughput.
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TABLE 6.10: DIRECT LABOR SKILL DISTRIBUTIONS FOR PRE-COMPUTERIZED (TL1)

AND POST - COMPUTERIZED (TL2) CONTROL OF EC.C, UNIT IN REFINERY G.

Organization: Oil Refinery G

Process: Fluid Catalytic Cracking Product Unit: 1000 Barrels

Technology (Level 1): Pre-Computerization

Technology (Level 2): Post-Computerization

Source of Data: Direct Observation

Period: Spring 1967

1 2 3 4 5 6 7 8 9 10 11

Skill

Level

Skill

Point

Range

Manhours Per
1000 Barrels

Manhour.- as % o.

Total for
Technology Level

Number of
Job Types

TL1 TL2 Change TL1 TL2 Change TL1 TL2 Change

6

.cm 5

= 4

396-461 0.9

330-395 2.2

264-329 0.0

198-263 0.0

132-197 0.0

66-131 0.0

0.9

2.2

0.0

9.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

29.0

71.0

0.0

0.0

0.0

0,0

29.0

71.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

2

5

0

0

0

0

2

5

0

0

0

0

0

0

0

0

0

0

E
D 3

0 2z
-0

0 1

-4
0

Totals. 3.1 3.1 0.0 100.0 100.0 0.0 7 7 0

Net Manhour Change 0.0%

Mean Skill Level -Standard Deviation

Technology

Technology

Change

(Level

(Level

1)

2).

368.6

368.6

0.0

17.6

17.6
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FIG. 6.5: DIRECT LABOR SKILL PROFILES F.C.C. UNIT IN REFINERY G.

F.C.C. PRE-COMPUTERIZATION

3
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TABLE 6.11: DIRECT LABOR SKILL DISTRIBUTIONS FOR PRE-COMPUTERIZED (TL1)

AND POST-COMPUTERIZATION (TL2). CONTROL OF F.C.C. UNIT IN REFINERYH.

Organization: Oil Refinery H

Process: Fluid Catalytic Cracking Product Unit: 1000 Barrels

Technology (Level 1): Pre-Computerization

Technology (Level 2): Post-Computerization

Source of Data: Direct Observation

Period: Spring 1967

1 2 3 4 1 5 6 '7 8 9 10 11

Skill

Level

Skill

Point
Range

Manhours Per
1000 Barrels

Manhours f%s as o

Total for
Technology Level

Number of
Job Types

TL1 TL2 Change TLi TL2 Change TL1 TL2 Change

6

5) 5

4

396.461

330-394

264-329

198-263

132-197

66-131

0- 65

1.0

2.5

o.o

0.0

0.0

0.0

0.0

1.0

2.5

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

28.6

71.4

0.0

0.0

0.0

0.0

0.0

28.6

71.4

0.0

0.0.

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

2

5

0

0

0

0

0

2

5

0

0

0

0

0

0

0

0

0

0

0

0

= 3

2
z

3 1

0
...,

Totals
3.5 3.5 0.0 100.0 100.0 0.0 7 7

Net Manhour Change 0.0%

Mean Skill Level Standard Deviation

Technology

Technology

Change

(Level

(Level

1)

2)

368.6

368.6

0.0

17.6

17.6
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FIG. 6.6: DIRECT LABOR SKILL PROFILES F.C.C. UNIT IN REFINERY H.

F.C.C. PRE-COMPUTERIZATION

Total Manhours/1000 Barrels = 3.5

Mean Skill Level = 368.6

0 0.0 0.0 0.

0-65 66-131 132-197 198-263 264-329 330-395 396-461
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TABLE 6.12: DIRECT LABOR FORCE SKILL DISTRIBUTIONS FOR PRE-COMPUTERIZATION

(TL1) AND POST-COMPUTERIZATION (TL2) CONTROL OF TCC UNIT IN

REFINERY I.

Organization: Oil Refinery I

Process: Thermofor Catalytic Cracking

Technology (Level 1): Pre-Computerization

Technology (Level 2): Post-Computerization

Source of Data: Direct Observation

Period: Spring 1967

Product Unit: 1000 Barrels

1 2 3 4 5 6 7 8 9 to 11

Skill

Level

Skill Manhours Per
Point 1000 Barrels
Range

Manhours as % of
Total for

Technology Level

Number of
Job Types

TL1 TL2 Change TL1 TL2 Change TL1 TL2. Change

6

c
m 5

4

396-461 4.o

330-395 0.0

264-329 0.0

198-263 0.0

132-197 0.0

66-131 0.0

0- 6 0.0

4.o

0.0

0.0

0.0

0.0

0.0

0,0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

100.0

0.0

0.0

0.0

0.0

0.0

0.0

100.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

3

0

0

0

0

0

0

3

0

0

0

0

0

0

0

0

0

0

0

0

0

= 3

-0
0 2
z

1

0
-J

Totals 4.0 4.0 0.0 100.0 100.0 0.0 3 3 0

Net Manhour Change 0.0%

Mean Skill Level Standard Deviation

Technology (Level 1)

Technology (Level 2)

Change

436.7

436.7

0.0

11.9

11.9
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FIG. 6.7: DIRECT LABOR SKILL PROFILES--T.C.C. UNIT IN REFINERY I,

PRE-COMPUTERIZATION
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results will be found in Section 5 of Appendix D. The original
purpose of the activity analyses was to ascertain the workload on
each operator with a view to its more equitable redistribution over
the crew.

It will be noted that the total effective labor input by the
whole operating crew as determined by the activity analysis has
risen from 51% (142.5 hours) to 55% (156.0 hours) per week; none
of the additional hours worked Fade gone into control and monitoring
activities. The latter have actually decreased, both absolutely
(from 100.5 hours to 94.5 hours per week) and as a percentage

(from 35.9% to 33.6%). The very slight decrease in control and
monitoring activities indicates that the impact of the computer on
total labor input is not very marked.

Comparison of the labor inputs broken down by skill levels
equally confirms little change in operational practices. Both
before and after computerization the inputs are bunched about the
highest values of the skill scale, most of the low skill-level
'-cork having been eliminated much earlier, when catalytic cxacking
displaced the older processes;- the small amount of this work which
remains has been integrated into the operators main duties (this
phenomenon is common to both catalytic processes studied, the
Fluid and the Thermofor).

Indirect Labor

The indirect labor force on catalytic cracking installations- -
both Fluid and Thermofor--is made up of supervision and maintenance.
On the F.C.C. units in the refineries studied there were two super-
visors, a Plant Supervisor and a Section Shift Supervisor, who
between them contributed about 5% of the total per unit manhours at
either technology level. The Plant Supervisor is responsible for
planning the operations of the cracking unit on the day shifts,
the Section Shift Supervisor (who additionally oversees six other
units in the Division) is in charge of the remaining shifts.

Maintenance which is provided by a separate department,
accounted for around 12% of the total per unit manhou.r input on the
computerless installations,and has increased to about 14% on the
newer technology. Maintenance planning is also taking up more of
the Supervisors' time, a good deal of it accounted for by the needs
of the computer-associated equipment.

The overall per unit manhour requirements of the F.C.C. plants
in Refineries G and H are shown in Table 6.13 and 6.14.

*A detailed description of the changes attending the introduction
of the newer cracking technology is given in U.S. Department of
Labor, Bureau of Labor Statistics Report No. 120.
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Supervision on the T.C.C. plant in Refinery I consisted of a
Unit Foreman, and Assistant Foreman and a Shift Foreman. The
activities of the first two correspond broadly to those of the
F.C.C. Plant Supervisor, those of the Shift Foreman are equivalent
in content to those of the F.C.C. Section Shift Supervisor.
However, supervisory per unit manhours account for approximately
13% of the total per unit manhours at both technology levels, com-
pared with 5% on the F.C.C. plants.

The maintenance complement on the T.C.C. plant was increased
at the newer technology level, a second Instrument Mechanic con-
cerned exclusively with the computer and its ancillary equipment
being added to the Mechanic in charge of existing controllers and
recorders.

Maintenance manhours per unit product also constituted a
higher proportion of the total per unit manhours than on the F.C.C.
plants, at both technology levels: 22% at TL1 (la on the F.C.C.
plants) and 27% at TL2 (114% on the F.C.C. plants). The increase
from TL1 to TL2 is due to the second Maintenance Mechanic's manhours.

In toto, indirect labor appears to be much more prominent in
the T.C.C. plant,where the ratio of indirect to direct manhours is
1:2,as against a ratio of 1:5 in the F.C.C. plants. The total per
unit T.C.C. manhours are given in Table 6.15. In comparing the
absolute per unit manhours with those on the two F.C.C. plants,
allowance should be made for the fact that whereas the capacities
of the latter are in the region of 17,000 barrels per shift, the
T.C.C. plant's capacity is only 6,000 barrels per shift. If this
were to be discounted, the total per unit manhours would be lower
on the T.C.C. then the F.C.C. plants.

Chan es in Educational and on-the-Job Experience Requirements

The tables in Appendix D, Section 4 give estimates of the
length of on-the-job experience required of the various operators
of the three catalytic cracking units. No specific educational
requirements, such as number of years of high school education, were
considered in evaluating the skill of the operators, even though the
three firms formally required new prospective operators to have a
high school education or equivalent. During interviews with per-
sonnel in the three firms, it was specifically mentioned by
personnel in one of the firms that the operators did not require
a high school education to perform their duties satisfactorily,
and that such an educational requirement was mainly intended to
qualify the operators for promotions,.

No appreciable change in the on-the-job experience requirements
occurred with the introduction of computer control. Even though
none of the operators had previously been involved with computers,
they were able to operate the computerized system after about two
days of formal training. The fact that the skill ratings of the
operators are determined mainly by on-the-job experience partly

la?
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Manhours per
Manhours as % of

1000 Barrels
Total for each
Technology Level

TL1 TL2 % Change TL1 TL2

Direct Labor

Indirect Labor

Maintenance

Supervision

3.50

.73

.50

.23

3.50

.86

.63

.23

0

+18

+26

0

82.7

17.3

11.8

5.5

80.3

19.7

14.4

5.3

Totals 4.23 4.36
.

+ 3 100 100

TABLE 6.13: AGGREGATE CHANGES IN DIRECT AND INDIRECT LABOR MANHOUR

REQUIREMENTS F.C.C. PLANT, REFINERY G.

Manhours per
1000 Barrels

Manhours as % of
Total for each
Technology Level

TL1 TL2 % Change TL1 TL2

Direct Labor

Indirect Labor

Maintenance

Supervision

3.10

.63

.44

.19

3.10

.74

.55

.19

0

+17

+25

0

83.1

16.9

11.8

5.1

80.7

19.3

14.3

5.0

Totals 3.73 3.84 + 3 100 100

TABLE 6.14: AGGREGATE CHANGES IN DIRECT AND INDIRECT LABOR MANHOUR

REQUIREMENTS F.C.C. PLANT, REFINERY H.
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explains why these ratings were found to be the same for the two
levels of technology. It is interesting to note that in one of the
firms the average length of actual experience of all men presently
filling the jobs of Head Operator, Unit Operator and Operator is
23, 21 and 8 years, respectively, while the comparable figures for
required experience were estimated as 9, 7 and 3.5 years only.

TABLE 6.15: AGGREGATE CHANGES IN DIRECT AND INDIRECT LABOR MAN-
HOUR REQUIREMENTS, T.C.C. PLANT, REFINERY I

Manhours Per 1000 Barrels
Manhours as % of
Total for Each
Technology Level

TL1 TL2 % Change TL1 TL2

Direct Labor

Indirect Labor

Maintenance

Supervision

4.00

2.i6

1.33

.83

4.00

2.61

1.78

.83

0

+21

+34

0

64.9

35.1

21.6

13.5

60.5

39.5

26.9

12.6

Totals 6.16 6.61 + 7 100
---

100

6.4 Process Computers in Air Separation (Chemical Industry)

Process Description

Air separation on a commercial scale meets a growing demand for
the separated components of atmospheric air, especially oxygen, nitro-
gen and argon. The process is .a two-stage one, air being first
liquefied and then fractionated. Liquefaction of air (or any other
gas) is accomplished by first cooling to condensation temperature
and then removing the latent heat of vaporization. Since conden-
sation temperatures are very low (around -250°F), the central
problem of air liquefaction is to find a refrigeration process that
effectively removes heat from a substance already at low temperature.
Most of the research effort put into modern liquefiers is concerned
with finding efficient methods of production and conservation of
refrigeration.

The idea that the components of liquid air could be separated
by applying the well-known fractional distillation methods of the
alcohol industry, was conceived by Linde and Hampson toward the end
of the last century. They realized that such methods would ulti-
mately make it possible to produce tonnage oxyjen leading to new uses
for the gas,and the development of a new industry to produce it.
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With the discovery of new applications in steel making, welding
and metal cutting, and in the field of medicine, and with the
growing use of cryogenic propellants in space vehicles, demand for
air products has been expanding at a startling rate over recent
years. There has also been an increasing demand for purer pro-
ducts. The suppliers have responded by committing resources and
directing effort to (1) low temperature research, (2) the develop-
ment of more efficient methods and equipment for air separation and
purification,and (3) the search for improved process-control equip-
ment.

On the operational side, the original single column distillation
unit in widespread use since 1902 is being replaced by multiple
column arrangements. These new units enable the efficient produc-
tion of both pure oxygen and pure nitrogen, where the older units
only produced pure oxygen and impure nitrogen.

The control aspect of an air separation plant is a principal
determinant of plant utilization, equipment efficiencies and
qualities of end products. Even though these processes were not
necessarily contingent on automatic control instrumentation, the
development of such instruments found a logical application in air
separation plants. Most modern plants employ conventional auto-
matic control instruments,and only a few of the older and smaller
plants are still entirely on manual operation. The aim for some
time past has been, if not totally closed-loop, then at least
partly closed-loop and partly open-loop computer control, with
direct digital control as the ultimate objective.

Effects of Computer Control on Production

Due to reduced electric power consumption the computerized dual
process plant is about 5-7% more efficient in the production of liquid
oxygen and liquid nitrogen than an identical plant would be under
conventional control. The yield of argon is also increased by as
much as 0-15%. The reason for this is that in a manually controlled
plant a very slight operator error may reduce argon purity to the
point where production must be dumped. This never happens in the
computerized plant. Moreover, it takes 12-14 hours before argon
production is back to normal after dumping. Oxygen and nitrogen
production is unaffected by stoppages in argon production.

Increases in efficiency and yield of the order noted above would
be sufficient by themselves to justify the installation of process-
control computers in plants of 200-300 tons per day capacity, which
is not uncommon. With capacities of this magnitude--and some
recently built plants in the U.S. have a capacity of 1000 tons per
day--manpower savings are not the main factor in the decision to
invest in a computer. In the firm studied, with a plant capacity
of only some 80 tons per day, computerization was contingent on
savings in manpower additional to efficiency and yield increases.
The projected savings of 21 operator-shifts per week, resulting in
a fivefold productivity increase, was cited in justification of the
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decision; the predicted savings were actually realized from the very
start of the computer-controlled operation.

System Reliability and Process Safety

Apart from the first few months of operation, the overall sys-
tem reliability has been extremely good. Several of the electronic
instruments, such as transmitters and set-point station hardware,
represented a relatively new line of instruments at the time of
installation and had a high initial failure rate. Even though
these instruments still do not perform entirely satisfactorily,
very few actual failures are recorded and minor inaccuracies are
catered for automatically.

The Bunker-Ramo RW-300 computer has proved to be as reliable as
it was claimed to be. Since the plants went into unattended operation
more than a year ago, the computer has not had a single breakdown.
In order to deal with any such breakdowns should they occur, the firm
has had one of its engineers trained by the computer vendor to pro-
vide immediate maintenance in case of need.

As far as process safety is concerned, an unattended plant
compares very favorably with an equivalent plant under manual con-
trol. The potential for equipment damage, especially from undetected
malfunction, has been reduced, as the computer is a more reliable
monitor of equipment and process than an operator. For fire hazards,
however, an unattended plant compares poorly with an attended one.

Details of Process

As noted above, an air separation plant performs two essen-
tially distinct functions, viz.,

1) Liquefaction of Atmospheric Air by cooling and condensation at
around -250 °F and 1-5 atmospheres pressure.

2) Fractional Distillation to separate oxygen, nitrogen, and argon
from the mixture to the desired degree of purity.

The products are stored in large insulated tanks at atmospheric
pressure and delivred to the customer in small pressurized con-
tainers or in insulated mobile tank units (bulk deliveries). Apart
from air, the only input to the process is electric power, so that
firms have considerable freedom of choice in locating plants. In

general they are situated near bulk consumers,and as a result air
separation plants are to be found in all major industrial areas;but
there are no major production centers. There are estimated to be
well over 100 plants in the U.S. comparable in size or larger than
the one studied here.
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Selection of Firm and Technology Level

The firm selected for this study provided the researchers with
the unique opportunity of analyzing the manpower impact of a tech-
nological change resulting from fully closed-loop computer control
and totally unattended operation of an air separation plant. The
plant studied (actually two identical plants operated in parallel),
which went into unattended operation in early 1966, was the first
one to achieve this objective, and was known to be the only one in
operation at the time of the study. Each plant is rated at 40 tons
per day of liquid oxygen and liquid nitrogen, this in addition to a
maximum recovery of crude argon.

The older plants are also still in full operation under manual
control at the same location. In one of these plants, built in
1957 and rated at 25 tons of liquid product per day, an operator
controls the process directly by manual adjustment of control valves.
The other unit, which went into operation in 1961 and is rated at
40 tons of liquid product per day, is equipped with conventional
automatic control instruments. One operator per shift runs both
units together.

Even though the four plants studied are at three distinct
levels of technology, only two levels were considered when ana-
lyzing the effects of technological change on manpower and skill
requirements. These were manual and computerized control, where
manual control refers to the mode of control in both older plants
(i.e., operator control with and without the aid of automatic con-
trol instruments).

Operating Procedures

At the older technological level the operator's main acti-
vities consist in monitoring and controlling the values of process
variables and in checking the performance of plant equipment. Though
the operator is not conversant with the thermodynamic theory under-
lying the process, he has been trained to recognize the most important
process relationships.

The values of the various process variables are displayed on
measuring and recording instruments, some of which are located at
various points in the plant, others on a central control panel.
Whenever discrepancies are found between the measured and desired
values of these variables, and whenever the latter values change,
the operator adjusts the control valves and set-points of the
appropriate controllers. Due to the interrelationships between
the various variables and disturbances affecting their values, the
settings for individual control valves and controllers are not self-
evident. To reach a desired state several readjustments may be
necessary.
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At the newer technological level, the digital computer operates
the entire process in the twin air separation plants. It is pro-
grammed to adjust the set-points of a large number of controllers
according to values calculated by the control program. This is
designed to maintain stable operation, optimize various equipment
efficiencies, and ensure maximum yield of oxygen and/or nitrogen
and/or argon as requested by the Distribution Manager.

Whenever the computer needs the value of a process variable for
a control computation, it first checks for instrument failure and
violation of process limits. If the scanning program, by which the
value of each variable is updated once every eight seconds, has not
indicated any such failure or violation, the computer uses the
stored value in its control computation. Any malfunctioning of
instruments and limit violations are typed out as error messages on
a remote teletypewriter located in the nearby attended plants whose
operator may then notify the maintenance department or one of the
firm's engineers. However, this is a rare occurrence.

The values of the most important process variables are typed
out on a logging teletypewriter once every hour or on demand. These
variables can also be trend-printed at any frequency. The trend-
log feature facilitates the analysis of instrument and process
problems, and is mainly used by maintenance and supervisory personnel.
Since the one computer operates the same process in twin plants, an
indexing method is used whereby the monitoring and control activities
of the computer are equally distributed between the two processes.

The only external operating control normally exercised is that
of the Distribution Manager who enters his daily production require-.
ments by means of punched tape at a remote tape-reader station in
his office. The computer responds to these commands by appropriate
modification of its operating policies to secure maximum compliance
with marketing needs.

For a more detailed description of the process and control
technologies, including the various computer programs, see
Appendix E, Section 1.

Chan es in Man ower and Skill Re uirements

Data on both direct and indirect labor inputs to the two tech-
nologies were acquired in the single firm studied by the same
methods used in previous studies. The results for the older tech-
nology were verified by qualitative comparison with data from
another two firms employing similar technologies, but as noted
above the newer technology was unique at the time of writing, and
no comparison was possible.
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Direct Labor

As shown in Table 6.16 and Figure 6.8, computer control of the
air separation plants was found to have reduced the already low
direct manhour requirements of the manually controlled plants
essentially to zero. The reduction fell just short of 100% since
an operator in the firm's nearby (older) plants was charged with
responding to visual alarm signals and to simultaneous messages on
remote teletypewriters. Receipt of an alarm message, however, did
not imply the temporary substitution of manual for computer control.
All the operator was required to do was to notify the repair and
maintenance function or management.

The mean skill level of the very small direct labor input
under the new technology was the same as under the older.

Indirect Labor

Indirect labor consists of two main components: supervision
of operating crews and maintenance. There are distinct maintenance
crews attending to mechanical equipment (i.e., compressors, expansion
engines, etc.), and others, concerned with measuring instruments,
automatic control equipment, etc.

Elimination of the need for a plant foreman was the main item
responsible for the recorded decrease of 20% in total indirect
labor manhours shown in Table 6.17. The 11.6% drop in mean skill
level was also completely accounted for by the withdrawal of the
plant foreman from the second highest skill level category.

There were no changes in either the manhour inputs or the skill
levels of the maintenance personnel--the maintenance mechanic and
his helper--or of the laboratory technician who makes a daily check
of the stream analyzer calibrations. There was a change in the man-
hour input required from the instrument technician who attends to
the pneumatic and electronic control instrumentation, but this was
so small that it is not reflected in the tables and figures.

Overall Changes in Manhour and Skill Requirements

The net effect of the change to computerized technology in the
air separation plant studies has been an impressive reduction of
over 80% in total manhour requirements (see Figure 6.9); where the
labor input for the 80 tons of product manufactured per day was
nearly 31 manhours in the manually controlled plants, it is just
short of 5 hours in the unattended plants. Nearly all of the re-
maining manhours are contributed by indirect labor - -the maintenance
crews and the technicians. These manpower savings add up to a
productivity increase of 550%, an of it due to the technological
advance in control equipment.
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TABLE 6.16: DIRECT LABOR SKILL DISTRIBUTIONS FOR NORMALLY CONTROLLED

(TL1) AND COMPUTER CONTROLLED (TL2) AIR SEPARATION PLANTS.

Organization: Air Products Firm

Process: Air Separation Product Unit: 10 Tons

Technology (Level 1): Manual Control

Technology (Level 2): Computer Control

Source of Data: Direct Observation

Period: Summer-Fall 1967

1 2 3 4 5 6 7 8 9 10 11

Skill

Level

Skill

Point

Range

Manhours PePei-

10 Tons

Manhours as % of
Total for

Technology Level

Number of
Job Types

TL1 TL2 Change TL1 TL2 Change TL1 TL2 Change.

6

ci) 5

= 4

432-503

360-431

288-359

216-287

144-215

72-143

0: 71

3.7 .0002 - 3.7 100 i00 0 1 1 0

E
m 3

-0
w 2

o
1

_,
0

Totals 3.7 .0 - 3.7 100 100 0 1 1 0

Net Manhour Change -99.99%

Mean Skill Level Standard Deviation

Technology

Technology

Change

(Level

(Level

1)

2)

160.0

160.0

0.0

13?



*......wstommumwmPoWnetVgraZMraftl.

FIG. 6.8: DIRECT LABOR SKILL PROFILESAIR SEPARATION PLANTS
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TABLE 6.17: INDIRECT LABOR SKILL DISTRIBUTIONS FOR MANUALLY CONTROLLED

(TL1) AND COMPUTER CONTROLLED (TL2) AIR SEPARATION PLANTS.

Organization: Air Products Firm

Process: Air Separation Product Unit: 10 Tons

Technology (Level 1): Manual Control

Technology (Level 2).: Compu...er Control

Source of Data: Direct Observation

Period: Summer-Fall 1967

1 2 5 6 7 8 9 10 T. 11

Skill

Level

Skill

Point

Range

Manhours Per
10 Tons

Manhours as % oof
Total for

Technology Level

Number of
Job Types

TL1 TL2 Change TL1 TL2 Change TL1 TL2 Change

6

Q, 5

4

432 -503

360-431

288-359

216-287

144-215

72-143

0- 71

0.1

0.2

0.0

0.5

0.2

0.0

0.0

0.1

0.0

0.0

0.5

0.2

0.0

0.0

0.0

- 0.2

0.0

0.0

0.0

0.0

0.0

10.0

20.0

0.0

50.0

20.0

0.0

3.0

12.5

0.0

0.0

62.5

25.0

0.0

0.0

+ 2.5

-20.0

0.0

+12.5

+ 5.0

0.0

.0.0

2

1

0

1

1

0

0

2

0

0

1

1

0

0

- 1

0

0

0

0

0

D 3

1:13 2
z

1

0
...,

Totals 1.0 0.8 - 0.2 100.0 100.0 0.0 5 4 - 1

Net Manhour Change -20%

Mean Skill Level Standard Deviation

Technology (Level 1) 307.1 59.0

Technology (Level 1) 271.6 82.4

Change 35.5 (11.6%)
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FIGURE 6.9: COMPOSITE (DIRECT AND INDIRECT LABOR)
SKILL PROFILES - AIR SEPARATION PLANTS
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The overall mean skill level of the labor force rose by some
43%, from 190.6 for the older to 271.6 for.the newer technology,
the latter skill level being of course that of the indirect labor
input, as no direct labor remains.

Changes in Educational and On-the-Job Experience Requirements

Estimates of the length of education and on-the-job experience
required of both indirect and direct labor under both technologies
are given in Appendix E, Section 4. Neither of these requirements
changed with the advent of the newer technology.

6.5 Conclusions on the Manpower and Skill Impact of Computer

Process Control

Two of the three studies reported here concerned important pro-
cesses in industries recognized to be leaders in the application of
process-control computers, so that they may be regarded as fully
representative of an advanced and well established technology. The
third concerned a currently unique development in a smaller indus-
trial grouping, but is considered a harbinger of future progress.
In many respects the findings reported above offer important correc-
tives to many current notions about both the extent of the use and
the impact of process-control computers. Especially it is evident
that in the major and technologically most adventurous industries at
the present time,process computers are not applied to secure im-
mediate and complete replacement of human operators on all plant
control and regulative functions.

Oil Industry

In all three cases of catalytic crackers--the site where at
the present time oil firms install their first and (sometimes) only
process computers--only a small fraction of the variables regulated
from the central control room come under full computer control. In

general the computer is looked upon mainly as a means of performing
more sophisticated regulation and optimization, hence securing
greater yield and efficiency. It also provides a faster means of
making system status information available to operators, and keeps
complete regular records of system time history.

Accordingly, introduction of computers did not affect the size
or skill of the operating crews to any marked extent; indirect labor
requirements even increased slightly, owing to the addition of com-
puter maintenance technicians. The basic pattern of skill distribution
is reportedly about the same as it was when catalytic crackers came
into widespread use. Like many other refinery processing plants, the
crackers are dependent for routine stable operation mainly on num-
erous conventional (analog) automatic control loops.
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The chief obstacle in the way of a more extensive deployment
of the computers in catalytic cracking installations, and presumably
elsewhere as well, lies in the software deficiencies--the lack of
program routines capable of coping with the multiplicity and com-
plexity of the conditions that can arise. As program development
progresses, more and more variables can be expected to come under
computer control, enabling the computers to operate in the closed
loop mode for longer and longer periods. Even then reductions in
direct labor requirements are likely to occur only very gradually
and are liable to be counteracted in part by increases in main-
tenance and technical requirements. There is, however, no likeli-
hood of a reversal in this progression, since the actual and future
potential contribution of computers to improved quality and higher
yield in the oil industry is beyond dispute.

Electricity Generation Industry

In the two steam electric power generation plants equipped
with process computers, their immediate impact has been even smaller
than in the refineries. Up to the present they have only been used
in the closed=loop mode for continuous control in very few functions
of the plants studied, which are among the most advanced in the
country. Computer-mediated closed-loop operation does occur for
relatively brief periods on those (infrequent) occasions when the
plant is shut down for repairs and overhaul, and again when it is

started up. Otherwise the computer acts as hardly more than a
device for alerting operators to untoward plant conditions, a source
of instant status information, and to execute rapid efficient plant
performance calculations. The latter function contributes indirectly
to optimizing yield and efficiency.

Under the circumstances no manpower changes would be expected
and none have occurred, apart from a small extra provision for
computer maintenance. There has been no change in skill require-
ments. In every essential feature the running of the plants
having computers was found to be no different from that of the
centralized plants. Because of the limited computer utilization
and absence of tangible pay-offs to compensate for the heavy
investment costs, computers are less firmly established here than
in the oil and other process industries. Further the programming
(software) problems are, according to the utilities engineers,
among the most difficult to be found anywhere. For these reasons
process computers have not been included in the design of some of
the most recent plants. Further gains in productivity that might
accrue from small reductions in operating personnel due to process
computers are dwarfed by the large gains in productivity accruing
from steadily increasing plant capacities permitted by advances
in generation (rather than control) technology.

/
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Air Separation Process

Whereas the oil refinery and power generating plant processes
can be described as being still under computer-aided semi-automatic
control, the air separation plant which was the subject of the
last study in a process industry, i$ entirely computer controlled.
The plant is at present the only one of its kind in the country, and
is almost certainly also the only example in the world of an un-
attended complex industrial production process which is completely
unattended--a process requiring zero human labor input. It is thus
the only plant conforming exactly to the popular idea of full
automation. The distribution manager simply "dials in" the amount
and type of product needed to meet the demand and it is automatically
delivered.

But generalization from the very considerable achievement
represented by this case of computer regulation should be qualified
by recognition of certain technical considerations which make full
computerization a relatively easier undertaking in air separation
plants than in refineries, generating plants and other process plants.
Firstly, the raw material, being air, is available in unlimited quan-
tities at uniform quality and with no transportation required. Secondly,
there are only three main products (oxygen, nitrogen, argon) and
little fluctuation in quality specifications. Thirdly, the process
itself, while complex with many 'iteracting variables, is subject to
very few disturbances once equilibrium conditions have been attained.
Startups and shutdowns are very infrequent.

The importance of these factors is underscored by the fact that
a single relatively low skilled operator was enough to control the
plant prior to computerization. There is no question that the thIJ
other processes studied are much more complex, and in general more
typical of the control requirements encountered in the majority of
process industries.

However, these advantages (for full automation) have so far
only been fully exploited in one single organization, replacing
effectively one single operator (per shift). Evidently the advent
of full automation through application of process computers in manu-
facturing industry is much slower and more hesitant than many pro-
phets forecast in 1945-50 when computers were first developed. But
this example shows there is now a genuine precedent for that total
abolition of direct labor requirements.

General Outlook for Further Im act of Process Computers

Despite the single instance of the zero-labor air separation
plant, our overall quantitative conclusion is that process computer
applications have little or no impact on manpower and skill require-
ments of process industry. Thus the rapid spread of their appli-
cation entails no specific labor policy. However, extrapolation from
the air separation case suggests that there may in the relatively
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distant future (perhaps the middle 1970's) be a rapid spread of
fully automatic control systems in electricity, oil, chemicaR,
paper and other process industries. The evolving technological
situation should be monitored to provide early warning of redun-
dancies among process workers if and when this development occurs.
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CHAPTER 7: IMPACT OF COMPUTER-BASED CENTRALIZATION ON RANDOM DEMAND

REAL-TIME SERVICES: AIRLINE RESERVATION SYSTEMS (DIRECT

LABOR ONLY)

7.1 Introduction

Random demand real-time service systems are those where re-
quests for service arrive at random time intervals and/or from
random sources, and must be met within relatively short fixed periods
so that batching is not possible. Supermarket checkout systems and
dial telephones are familiar examples. In many cases in these
systems the points at which service is given are distributed over
a large geographical area to suit the location of customers. Before
the advent of automation, the services were mostly provided by
human labor. Such systems are common throughout the economy; they
are particularly interesting in the context of this research since
computers and modern communications equipment are making substan-
tial inroads into the manpower and skills required; in fact, some
of these services,such as 24 hour automatic vending machines, came
as a direct result of advances in mechanization and communication
techniques. However, at present they depend solely on digital
computers.

The telephone system is probably the most familiar as well
as the most characteristic RDRT system. Other instances are elec-
tricity distribution, gas, water and utilities generally, airline,
coach and theater reservation systems, stock brokerage houses and
account services in banks supplying information on the state of
customer balances; related,but not strictly real time,are mail order
businesses, retail and distributive trades and services, etc.

It is convenient to distinguish RDRT systems which supply goods
and energy--stores, electric utilities, gas stations, etc. - -from

those which accept, supply, or transmit information and data: bank
tellers, credit bureaus, reservation systems, etc.

The, process of meeting a demand for service involves:

The recognition, recording and short term storage of cus-
tomers.' requirements.

A search for goods or information to meet them (which may
or may not include calculations and data transformations
through the available capacity).

Inventory or records of inventory to determine if and how
the customers' demands can be met.
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The transport or delivery of the product or required in-
formation back to the customer, with a request for payment.
where applicable.

In the old fashioned manual telephone exchange, for example,
the operator used to note the caller's request for a specific number,
hold it in memory, or "store" it,by writing it down on a scratch pad,
while she searched the plug board; and "deliver" the required con-
nection by making the requisite plug insertion (or deny ityby in-
forming the caller of its temporary or permanent unavailability).
All of these functions proved readily amenable to performance by
automatic switching circuits having random access facilities and
linked to appropriate peripheral equipment, e.g. uniselectors and
relays. Thus the telephone system is almost fully automated.

In many RDRT services, however, human operators continue to
be employed essentially as encoders and decoders at the customer/
system interface, especially where the information incorporating
the customer's requirement is extensive and complex,and has to be
translated and ordered into a pre-determined sequence to make it
acceptable to a machine system.

General background and field observation led us to believe
that computerization or full mechanization of RDRT systems can be
identified as a distinct technological advance which took place some
time ago in such cases as telephone, gas and water systems; is cur-
rently taking place in airline reservations systems, electricity
generation, banking, etc.; and is now foreseen in retailing, gasoline
distribution to the public, hotel and motel services, etc.

The feasibility of studying the manpower and skill changes
attendant on computerization was explored in three kinds of RDRT
service systems. The first of these, the bulk gasoline distribu-
tion system of an oil company, was rejected because the equipment
through which the computer communicates with driver's taking on loads
of gasoline at the loading ramps, was found to have been installed
too recently and was not as yet dependable; it seemed likely that
it would be some time before the new manning requirements had set-
tled down enough to provide reliable data. This was decided after
visits to several loading sites and after exploratory discussions
with management.' A second case--the electricity dispatch centers
of two large electricity utility companies--was examined in outline
and may yet provide a useful comparison, but the preconditions for
a controlled comparison could not be established.

Our major attention was finally devoted to examination of a
third kind of RDRT service, airline passenger seat reservation.
This was accomplished in two airlines. Descriptions of their systems

*The preliminary data and process descriptions are on file with
the authors.
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and comparisons of the manpower and skill demands of the older
and newer technologies used are given in the following sections.

7.2 Process Description

Evolution of Technology

A modern airline reservation system consists of a network of
local facilities--reservation offices, airport offices and ticket
offices--and of a central control facility, all interlinked by com-
munication channels. For the system to operate efficiently, the
information at each point must be processed rapidly and accurately,
and must be made readily and quickly available to all other points.
Hence the most important elements of a reservation system are the
processing methods, information storage facilities, and communica-
tion capabilities. Though these systems nowadays handle a wide
variety of information pertaining to passenger reservations, the
following categories of information constitute the indispensable
minimum for the completion of a reservation:

(1) the availability of seats on a particular flight

(2) a record of information regarding the passenger and his
itinerary.

The main elements of the communication network are shown in
Figure 7.1 and can be seen to revolve around the Central Control
point. Communication is most frequent between Central Control and
the Reservation Offices,and involves both types of information (1)
and (2) above. The Reservation Office-Ticket Office and the Reser-
vation Office-Airport Office channels are used much less frequently.
The dotted lines between Reservation Offices in the figure repre-
sent links which have now been eliminated. Not shown are links
between Reservation Offices and ground facilities which provide
transportation and hotel reservation service to the customers.

The original procedure for making a reservation was aptly
called the "Request and Reply" system. In this system, the Reser-
vation Office had to teletype Central Control every time a customer
requested a seat, to find out- if space was available. After receiving
the teletyped reply, the Reservation Agent then telephoned the cus-
tomer to confirm the reservation or ask for another choice of flights.
The need to handle two teletyped messages and two telephone contacts
(even more if the first request was not available) made the time
for completing a booking very lengthy. The 60-word-a-minute tele-
type,which was in universal use by 1938, provided a much more reliable
means of communication than its predecessor, the radio-telegraph.

The introduction in 1939 of the "Sell and Report" procedure
(described in detail in Appendix F).represented a substantial .
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improvement and was soon adopted by almost every airline. It al-
lowed the agent to freely book seats up to the time when a "Stop
Sale" message was received in the Reservation Office, after which
he had to revert to the Request and Reply procedure. The necessity
for confirming provisional bookings to customers was thus largely
eliminated. Moreover, a single message reporting the sale to Central
Control replaced the to and fro, inquiry and reply, messages between
Agent and Central Control where track was kept of the number of
seats available.

The Stop Sale message went out to all Reservation Offices when-
ever all but a predetermined number of seats, referred to as a
buffer or "cushion", had been sold. This cushion was an insurance
against overbooking which could occur, should the sale reports in
the pipeline exceed the number of seats still open. The size of
the cushion depended on the communication time between Central Control
and the Reservation Offices. Larger systems required more time,
which in turn necessitated a larger cushion to take care of reports
of sales,which might be enroute from the Reservation Office to the
control point during the period that the Stop Sale message was en-
route from the control point to the Reservation Office. When the
Stop Sale message for a particular flight was received at the
Reservation Office, it was displayed on a large availability dis-
play board which had dates for the next month across the top and
flight numbers down the side. Different types of indicators were
positioned in line with the flight and data to show whether the
flight was open, on request, or closed. By looking at the board,
the Reservation agent could promptly determine whether to im-
mediately confirm a sale, request space from Central Control, or
ask for another choice of flights or dates.

By the middle 1940's airlines were operating many more flights
and Reservation Offices had become much larger. These developments
created considerable problems in two areas. The first was conges
tion in the Reservation Office. Agents who were seated far from
the display board had difficulty seeing it and identifying the in-
dicator corresponding to the flight and data in question. Even
utilizing duplicate boards did not help because the information on
these boards often diverged from those on the master board. The
second problem was communication delays inherent in a large complex
network. The size of the stop sale cushions kept having to be in-
creased, resulting in more frequent use of the slow Request and
Reply procedure.

These problems of processing flight status information were
overcome by the installation in one of the large airlines of a
semi-automatic system. Individual reservation offices were equipped
with Agent Sets having buttons for flight number, date, origin, and
destination; each set was linked to a master control board consis-
ting of a jack for every flight, date and leg. The presence or
absence of a plug inserted in the proper jack indicated the status
of the flight desired by causing a small light on the Agent Set
to light up or remain off. The plugs were inserted by a Control
Agent who received the reservation cards as sales were made and re-
corded them on a control chart until the cushion was reached.
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The semi-automatic system for which data has been collected
in this study was very similar to the one described. It was in-
troduced in 1956,and utilized central control units to service all
Reservation Offices. For a more detailed description see Appendix
F. Slight variants of this system were used by other airlines.
In some cases the Agent Set was linked to a wired-program computer
with a magnetic drum unit, which stored the number of seats avail-
able. The Reservation Agent reported a sale by moving a toggle
switch on the set, causing the computer to update the inventory
and activate the indicator lights when the cushion was reached.
Another variation was the use of smaller local wired-program com-
puters covering geographical sub-areas and linked to one central
unit. By having the units service the Agent Sets in a smaller area,
the distance over which the information had to be transmitted was
reduced,and hence the speed increased.

As passenger volume continued to increase, the manual methods
of handling, processing, and filing reservation cards could no
longer cope adequately with the flood of reservation information.
In the early 1960's computerized systems which allowed rapid recor-
ding, transmission, and access to all reservation information were
put into use. These are described in detail in Appendix F.

In summary, the transition from the manual reservation systems
to the semi-automatic technology was initiated by the need for more
efficient handling of seat availability information,while the change
to the computerized technology was compelled by the need for more
effective processing of passenger reservation requests and data.
In the further technological advances now contemplated or nearing
implementation the electronic computer will play an increasingly
important part. Four areas of development have been repeatedly
mentioned in the course of the studies:

Presentation of Information: In some of the newer systems,
cathode-ray tube displays will supplement Input/Output type-
writers. This will allow passenger reservation records and
other information of transitory importance to the reservation
personnel, to be visually presented faster and without noise.

Ticketing: Computerized ticketing is certain to replace the
present manual method of rate calculations in the near future.
Complexity of rate structures has so far been the main obstacle.

Communication: Several international airlines are experimen-
ting with the use of space-satellite circuits to speed up com-
munication with their overseas reservation offices, which at
present chiefly rely on teletype.
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Choice of Case Material and Definition of Technology Levels

In selecting case material, it proved difficult to secure close
comparability. From the total of some ten domestic and two over-
seas U.S. based airlines, which operate more or less advanced re-
servation systems, we initially selected two closely comparable
domestic carriers for detailed comparison. Unfortunately,one of,
our two well-matched firms ultimately was unable to participate
in the study for organizational reasons. We were forced by lack
of better-matched case material to upgrade the international air-
line study to a more quantitative level and use it in a paired com-
parison with one of the domestic airlines selected. This resulted,
in a reasonable but not ideal research design.

Due to exigencies explained above, it was not possible to ad-
here to the research design including at least one replication
which we have used in other studies, and the following incomplete
design had to be adopted:

Case Airline Older Technology Newer Technology

N

P

Domestic

International

' Manual

Semi-Automatic

Computerized

Computerized

The drawbacks of this design are partly outweighed by the oppor-
tunity it afforded for the exploration of the manpower effects of
all the three basic technologies that have been used in airline
reservation systems. Since the entity processed and produced by
any reservation system is information, the nature of the mechanisms
by which information is processed, stored and transmitted would
seem to be the most appropriate criterion for making distinctions
between technologies, as it takes into account advances in equip-
ment design while ignoring organizational peculiarities.

Accordingly the manual reservation system formerly operated
in Firm N (N1), and now superseded in this as in all other national
airlines in the U.S., depended primarily on human brains for in-
formation processing; on manually prepared lists, cards, records
and files for information storage;and on communication devices com-
patible in their transmission rates with the limited intake capacity
of the human receiver for transmission of information. This applied
to both main types of information flowing through the system, seat
availability information and passenger records. The flow was further
slowed down by the need for numerous checks and controls to reduce
the system's proneness to errors.

The main advance of semi-automatic reservation systems of the
kind recently abandoned by Firm P (but still in widespread use)
lay in the increased speed in handling seat availability information.
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Only when semi-automatic systems (P1) took over, did the Sell
and Report procedure become really effective. High speed trans-
mission lines enabled the airline's central control facility to
suspend the free sale of seats by every single agent at a monent's
notice; as the safety margin or "cushion" of seats kept open co,J1d
now be substantially curtailed, the frequency of occasions when
the slower Request and Reply procedure had to be reverted to was
greatly reduced. Thus,although semi-automatic operation affected
only seat availability information, while passenger records con-
tinued to be processed and stored manually, the effect of the new
technology was to acce!erate the information flow and at the same
time reduce the error rate.

The computerized reservation system technology in both Firms
N and P, though fully run in, is nevertheless still developing,
with new computer applications being tested and implemented. In
Firm N, whose system (N2) is well ahead of Firm P's (P2) in ver-
satility and sophistication, computerization has done away with
both the local and central reservation control functions: an agent
in any Reservation Office is at the push of a button informed by
the computer not only whether or not seats are still available on
any of the airline's flights, he is also told how many seats are
still open for booking. Firm P's system is lacking in this second
feature,and updating of seat inventories is still done by Reser-
vations Control.

Local passenger record processing and storage have completely
disappeared in both firms. All passenger information input by
Reservation Agents on typewriters is immediately transferred to
the drum and disc files of the central computer installation via
high speed transmission lines. A time sharing facility insures that
any Agent at any Reservation Office can, with little or no delay,
get a print-out on any passenger whose record is on file. Firm N
has additionally developed programs for pre-departure control and
post-departure reconciliation of passenger handling.

Table 7.1 summarizes the main characteristics of the reser-
vation systems at each of the three technology levels, further
details being given in Section 1 and 2 of Appendix F.

7.3 Manpower and Skill Changes due to Computerization

Though the changes in passenger reservation systems technology
have in all probability had some effect on all airline personnel,
their most immediate impact was on personnel who help the passenger
select his flight,and who supply the necessary information for getting
him on and off the plane. This description fits virtually all
employees at Reservation, Ticket and Airport Offices and at central
facilities,and, insofar as they fall into the direct labor category,
they have been included in the present studies. Excluded from con-
sideration were, apart from managers at any level, all personnel
concerned with scheduling, loading and operating aircraft, with
baggage handling ald baggage processing, and with rendering service
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in flight or contributing to such service (stewardesses, meal pre-
parers, etc.).

Definition of Unit Product

A special problem arose in connection with the selection of
a suitable "unit product". Number of calls which have to be dealt
with seemed a good first choice; but though both firms keep a de-
tailed record of calls, each of them includes different types of
calls in its count; also the types of call included by one of the
airlines have changed during the time period spanned by the study.
Because of this,and also because passengers-boarded rather than calls
are the final output of the system, number of passengers boarded
was taken as the unit to which to relate the manhour inputs by the
defined direct labor components of the reservation systems.

Accurate month-by-month figures on the number of passengers
boarded for the total system are computed by every airline and are
used by them for a variety of purposes. As the Central Control
facilities in Firms N and P service the whole system, the manhour
inputs by their personnel were divided by this total number of pas-
sengers boarded by the airline. Conversely, the per unit manhours
of personnel at local offices were determined by reference to the
number of passengers boarded at the airport serviced by each of
these offices only. A small error is inherent in these local figures,
since they include a small proportion of passengers who made their
reservation in other cities; this is offset by the fact that the
reservation offices under investigation similarly book passengers
boarding at distant airports.

Changes in Manhour and Skill Requirements

The per unit manhours by skill level, technology and firm are
summarized in Tables 7.2 and 7.3, and Ficures 7.2 and 7.3. (See
Appendix F for further details.)

Though the main subjects of study are the manpower and skill
changes associated with the displacement of one technology by another,
there are sizeable differences between the airlines in a number of
other respects liable to attract disproportionate attention when
Tables 7.2 and 7.3, and Figures 7.3 and 7.3 are compared. It may
therefore be as well to dispose of them immediately.

For example, it appears that. Airline N uses 36.2% less man-
hours per passenger at the older, and 46.5% less at the newer tech-
nology levels than Airline. P. However, this is largely a reflection__ _
of Airline P having to provide more services to its substantially
smaller number of passengers boarding for overseas destinations
than does the domestic carrier N. Also it might seem that Airline
N's reservation system personnel are significantly more skilled,
as indicated by the higher mean skill level values at the older
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TABLE 7.2: SKILL DISTRIBUTIONS FOR MANUAL AND COMI3UTERIZED

RESERVATION SYSTEMS (AIRLINE N)

Organization: Airline N

Process: Passenger Service System Product Unit: 100 Pgrs. Boarded

Technology (Level 1): Manual Processing

Technology (Level 2): Computer Processing

Source of Data: Direct Observation and Firm's Records

Period: 1960-1961 (TL1) and 1965-1966 (TL2) [Data Acquired - Winter,
Spring 1967]

1 2 3 4 5 6 7 8 9 10 11

Skill

Level

Skill

Point

Range

Manhours Per
100 Passengers

Boarded

Manhours as % of
Total for

Technology Level

Number of
Job Types

TL1 TL2 Change TLI TL2 Change TL1 TL2 Change

zn 6c

= 5

424-600

299-423

211-298

149-210

106-148

75-105

52- 74

0.0

33.1

79.3

8.2

6.4

0.0

0.0

2.4

37.3

35.8

2.1

0.6

0.0

0.0

+ 2.4

.+ 4.2

-43.5

- 6.1

- 5.8

0.0

0.0

0.0

26.0

62.5

6.5

5.0

0.0

0.0

3.1

47.7

45.8

2.6

0.8

0.0

0.0

+ 3.1

+21.7

-16.7

- 3.9

- 4.2

0.0

0.0

0

4

8

5

2

0

0

9

4

9

5

.1

0

0

+9

0

+1

.0

-1

0

0

. 4
-0
w
= 3

2

3 1

0

Totals 127.0 78.2 -48.8 100.0 100.0 0.0 19 28

Net Manhour Change -38.4%

Mean Skill Level Standard Deviation

Technology (Level 1)

Technology (Lave) 2)

[Change:

280.5

.322.9

4'42.4 =i+18'.5%

61.7

64,9
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FIGURE 7.2: SKILL PROFILES FOR MANUAL AND COMPUTERIZED

RESERVATION SYSTEMS (AIRLINE N)
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TABLE 7.3: SKILL DISTRIBUTIONS FOR SEMI-AUTOMATIC AND

COMPUTERIZED RESERVATION SYSTEMS (AIRLINE P)

Organization: Airline P

Process: Passenger Service System Product Unit: 100 Pgrs. Boarded

Technology (Level 1): Semi-Automatic System

Technology (Level 2).: Computer Processing

Source of Data: Direct Observation and Firm's Records'

Period: 1961 (TL1) and 1966 (TL2) [Data Accidired - Winter, Spring 1967]

I

2 3 4 5 6 7 I 8 9 1 10 11

Skill

Level

Skill

Point
Range

Manhours Per
100 Passengers

Boarded

Manhours as % of
Total for

Technology Level

Number of
Job Types

TL1 TL2 Change TL1 TL2 Change TL1 TL2 Change

0 )
6

xi 5

424-600

299-423

211-298

149-210

106-148

75-105

52- 74

0.0

79.0

42.8

42.4

26.7

8.3

0.0

0.3

66.2

45.8

11.6

10.1

12.2

0.0

+ 0.3

-12.8

+ 3.0

-30.8

-16.6

+ 3.9

0.0

0.0

39.6

21.5

21.3

13.4

4.2

0.0

0.2

45.4

31.3

7.9

6.9

8.3

0.0

+ 0.2

+ 5.8

+ 9.8

-13.4

- 6.5

+ 4.1

.0.0

0

9

6

7

5

3

0

3

11

13

8

5

6

0

+ 3

+ 2

+ 7

+ 1

0

+ 3

0

. 4
73
0
z 3

2

o 1

0

Totals 199.2 146.2 -53.0 100.0 100.0 0.0 30 46 +16

Net Manhour Change -26.6%

Mean Skill Level Standard Deviation

Technology (Level 1) 251.5. 90.8

Technology (Level 2) 261.4 86.7

Change. 9.9 = +5.0% .
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FIGURE 7.3: SKILL PROFILES FOR SEMI-AUTOMATIC AND

COMPUTERIZED RESERVATION SYSTEMS (AIRLINE P)
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and at the newer technology levels. But a more likely explanation
of this observation lies in the fact that Airline N's job evalua-
tion scheme was used to rate the skill levels of jobs in both firms,
and Firm P's raters, being unfamiliar with the scheme, probably
used different criteria in applying it. The technology-level com-
parisons would not be affected by this bias. This leaves only the
inter-firm differences in the scatter of the profiles to be accounted
for (cf. standard deviations); in this instance the effect.is un-
doubtedly genuine and is organizational in nature. Where Airline
N's structure is relatively undifferentiated, with few job categories
each of a wider content, Airline P prefers more job categories of
a more narrowly specialized kind. Whether this is related to the
international and domestic character respective of the two airlines,
or to some other factor, it is impossible to say.

Of the differences clearly identifiable as due to technology,
there are firstly the gross reductions in per unit manpower inputs
in each firm resulting from computerization: manhours per passenger
boarded decreased by 38.4% in Firm N and by 26.6% in Firm P. Con-

sidering that, in converting to computers from a manual system,
Firm N jumped a larger technological gap than Firm P, the larger
decrease in the former is not unexpected. This same factor may
also account for the larger rise in the mean skill level at Firm

N (18.5%) as against Firm P (5.O%). These rises were tested for
statistical significance in each firm separately. As shown in
Table 7.4 the increase in the mean skill level associated with the
change from manual to computerized procedures (Firm N) is very highly
significant, whereas the increase in Firm P, which changed to the
computerized technology from the semi - automatic, though in the ex-
pected direction, cannot be decisively distinguished from a chance
effect.

A statistical test was also carried out to determine whether
the observable changes in the skill distributions brought about by
technological change were significant. Using analysis of variance,
the manhour inputs in the two firms were compared at three skill
levels (lower, medium, higher) and at two levels of technology.'
A summary of this analysis is given in Table 7.5,and more detailed
data will be found in Appendix F.

As expected, the observed differences in total per unit man-
hours between the firms turned out to be highly significant. The

interaction between skill level and technology, indicative of the
effect of technological change on the skill distribution, though
it is in the right direction, did not reach a conventionally ac-
ceptable significance level; this is largely accounted for by the
absence of pronounced changes in the skill distribution of Firm P.

The manual technology NI and the semi-automatic technology P1 were
considered as constituting the same technology for the purpose of

this analysis.
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However, referring back to the significance tests on the rises in
mean skill level, it can be legitimately argued that a change from
a manual to a computerized system, such as occurred in Firm N,has
a palpable effect on skill requirements. With the lower skills
virtually eliminated, and the medium skills very substantially re-
duced due to the elimination of local control sections, the propor-
tional preponderance of the higher skills becomes the most striking
feature of the post-computerization distribution. The increased
proportional dominance of the higher, relative to the lower and
medium, skill levels is also present, though not quite as markedly,
in the Firm P distribution.

7.4 Job Types, Education and Experience

Changes in the Number of Job Types

Reference was made in the preceding section to differences
between the two firms in the scatter of skill values, and these
were ascribed to organizational peculiarities, with Firm N favoring
a less differentiated task allocation. These peculiarities are in
fact revealed by the number of job types at each technology level
being about 50% greater in Airline P relative to. Airline N.

However, the technological advance also increased the number
of job types by about. 50% in each firm. In Firm N most of this
increase is accounted for by the addition of the electronic data
processing center. In Firm P more job types seem to have been created
at nearly every skill level and at ull points of the reservation
network.

Changes in Education and Trainin1 Requirements

Due to the lack of adequate personnel records, no data could
be obtained to assess quantitatively the required level of educa-
tion for the various jobs involved in reservation systems. From
qualitative discussions with management, two years college experience
at Firm P appeared to be a basic qualification for almost all job
holders, with the possible rxception of such low-skilled jobs as
Mail Clerk. Some college education was probably mandatory for all
EDP personnel employed in the computerized systems.

Exact training and/or on-the-job experience data, were also
unavailable. There appears to be a little more variance in these
requirements than there is for general education. The training
period for most agents' jobs does not apparently exceed three months.
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TABLE 7.4: STATISTICAL TEST OF CHANGES IN SKILL LEVEL
REQUIREMENTS ASSOCIATED WITH REPLACEMENT OF
MANUAL (N) AND SEMI-AUTOMATIC (P) BY
COMPUTERIZED TECHNOLOG IES*

"ImMMWm=remptm.,

Firm
Change in
Technology

Rise in Mean
Skill Level

t - Value D.F.
Significance

Level

Manual
N to 42.4 4.63 204 P < .001

Computerized

Semi-Automatic
P to 9.9 1.03 344

Not

Computerized
Significant

TABLE 7.5: STATISTICAL SIGNIFICANCE TEST OF CHANGES IN
SKILL LEVEL REQUIREMENTS ASSOCIATED WITH
CHANGES IN TECHNOLOGY*

Source of Variance
Degrees of
Freedom

Variance
Ratio

Significance Level

Between
Skill Levels

Between
Technologies

Between
Firms

SL x T

SL x F

T x F

2

1

I

2

2

1

35,82

10.97

20.81

P < .01

P < .05

P < .025

1 4.63 Not Significant

2.39

0.007

-Detailed data in Appendix
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Job Demands and Skills

The Reservation Sales Agent's jobs which exists at all three
local offices and comprises a large number of manhours has been
markedly affected by the changes in technology. At all technological
levels, the Sales Agent must be prepared to provide any of a large
variety of data within a short period of time--that is, while a
customer is waiting on the telephone. This involves familiarity
with many different standard references (Rate Schedules, Tariff
Regulations, Flight Schedules, Immigration Guides, etc.) and with
various other types of information (Passenger Lists, Seat Avail-
ability, Ticketing, etc.). The particular technology in use dic-
tates the method of obtaining and supplying information. In a manual
system, the Reservation Sales Agent had to be able to read the seat
availability lisplay board accurately to obtain flight status data,
and had to know how to fill out and route the reservation card.
In the semi-automatic technology the former requirement was replaced
by the need to manipulate the "Teleregister" Agent Set. Since opera-
tion of this set was simple, the additional training time was in-
significant. Input/output devices utilized in tile computerized
technology are more complicated and companies provide a training
course which culminates in a test of speed and accuracy; to attain
minimum proficiency, Reservation Sales Agents require approximately
2-3 weeks more training or experience than for the manual and semi
automatic systems which themselves require about 2-3 weeks.

Other jobs which require more than nominal training are the
Reservation Control jobs (manual, semi-automatic), the Ticket Lift
Agent (computerized), some of the jobs at the EDP (computerized),
and the Rate Quotation function.

The Control activities require the assembly of reservation
data and its subsequent dispatching to the proper location at the
appropriate time,and minimum proficiency can probably not be at-
tained in less than two months.

The Airport Ticket Lift Agent under the computerized technology,
needs to be able to operate the Agent Set to obtain pre-flight in-
formation, dispatch post-flight reports, and proce:3 departure
documents; for someone with no experience in related jobs, about
5 weeks is required for minimally proficient performance.

EDP analysts and programmers may require several months of
training to learn the characteristics of fie reservation system.
(Note that the EDP function comprises only about 1% of total man-
hours per 100 passengers required for the computerized technology.)

The Rate Quotation function requires about 4 weeks to become
minimally proficient at interpreting the complicated rate struc-
tures in order to determine the fares for a multitude of possible
itineraries.

The time periodsiggested as necessary to attain minimum pro-
ficiency are the rebekArcher's estimates based on knowledge of job
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activities, together with verbal discussion with the managers of
the various offices visited.

7.5 Discussion of Skill Impact of Computerization in Airline.

Reservation Systems

Airline passenger reservation facilities combine elements of
two interrelated information processing activities differing in
timing. Providing prospective passengers with seat availability
information places them in the category of a random demand real
time system. Recording details regarding passengers and their
itinerary, and passing on these details to departments charged with
accommodating and transporting them,is essentially an off-line
information processing function having certain similarities with
e.g., check processing and account posting in banks.

There is little doubt that rapid and accurate response to cus-
tomer reservation requests has been a major operational problem
since mass air transportation became a reality. This explains most
of the development towards simplification, then towards semi-auto-
mation,and finally to computerization. However, once computers
were installed, it was inevitable that they would take over the
processing and storage of passenger reservation records, which
would soon have become a bottleneck.

Neither semi-automation nor computerization were explicitly
aimed to provide manpower savings, and the productivity gains achieved
resulted from the more advanced system's capacity to cope with larger
volumes of passengers rather than from reductions in manning. Some
reductions did occur especially at those points of the system where
seat availability information was being assembled for dispatch to
the terminal points (reservation agents) in direct contact with
increasing demand. Assembly of this information had already become
progressively more centralized; computers completed the development,
programmers and other computer staff displacing clerical control
staff in the process. The new staff has a much higher skill level
average, but also so few manhours per unit product that they hardly
figure in the distributions.

At the local reservation facilities changes occurred in lay-
out, methods and procedures, and consequently also in the skill
requirements which are higher for most personnel. These arose from
the need to manipulate terminal equipment, to coordinate actions
for retrieving information from the central computer installation
while keeping the customer on the line, and to compute and monitor
larger and more complex blocks of information.

Future developments are likely to include still further means
of information interchange between the outlaying points and the
central computer to facilitate reservation agents' tasks. There
are however no indications that the time required to complete in-
terchanges with customers can be significantly shortened, nor that
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human intervention between computers and customers can be eliminated.
Increases in skill requirements also are unlikely. So far as can
be seen, the total manhours,and thus the number of agents,will remain
proportional to the passenger volume.

These conclusions however do not necessarily apply to any and
every random demand real-time system. Direct customer access to
computers in banks for example, may ultimately eliminate personnel
required for answering queries regarding states of customer balances.
Similarly,the random demand real-time functions performed in super-
markets by the checkers may disappear giving way to automatically
monitored customer self-service.
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CHAPTER 8: CONCLUSIONS ON THE MANPOWER AND SKILL IMPACT OF

TECHNOLOGICAL CHANGE

The objectives of the research presented in this and the pre-
vious report (Ref. 1) were twofold, first to develop a methodology
capable of precisely delineating the impact of technological change
on manpower demand at micro-level; and second, to provide statisti-
cally sound evidence on the extent of changes in manpower and skill
demands caused by automation, based on a cross-sectional sample of
technological changes in manufacturing and service processes.

The first objective was accomplished in two stages and the re-
sulting quantitative approach to manpower demand analysis, based on
the "skill profile" concept, is set out in Chapter 3 above. In the
first phase of the project a method was developed for measuring di-
rect production labor and skill requirements. In the second phase,
which is the subject of this report, the feasibility has been demon-
strated of extending it to indirect labor and thereby covering the
total process- related workforce.

The second objective was achieved through field studies com-
paring manpower requirements before and after major technological
changes in 18 production and service processes, drawn from 6
selected process types. Detailed results have already been pre-
sented above,and specific conclusions on individual processes and
technologies were discussed in the relevant chapters. It remains
now to summarize and integrate our overall findings, draw general
conclusions, and use them to project some of the likely manpower
effects of future technological advances.

Technological advance generally has both quantitative and
qualitative effects on manpower demand. Thus the total quantity
of labor usually diminishes, an effect conventionally measured by
the improvement in output per manhour--labor productivity.
Secondly, the quality of labor required is generally different
after the advance. In our study this change is measured by com-
paring the old and new skill profiles--the changing distribution
of skill levels. We discuss these two aspects of the manpower
77171P7FF7f77C1111ological change separately in this and the following
sections (8.1 and 8.2). In both cases direct and indirect labor
are taken separately, partly because it is instructive to distin-
guish the two components within the overall manpower impact, and
partly because we have much less complete data ':or the latter.
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8.1 Technological Change and Labor Productivity (Quantitative

Changes in Labor Input Per Unit Product)

Direct Labor

Considering first the direct labor data summarized in Table
8.1, we note that all except five of the eighteen processes studied
showed decreases in manhours required per unit product, equivalent
to increases in labor productivity. These reductions are attri-
butable to technological change, and the data thus support the
popular assumption that labor productivity tends to increase with
technological change. This is expected because those initiating
technological change often do so to secure cost reduction, and
direct labor,being generally a major component of unit cost, is a
leading candidate for. elimination.

The five exceptions were all cases where the direct labor
force was the same before as after the technological change. We
encountered no instances of increased direct labor requirement.

Indirect Labor

The subsequent evaluation of indirect labor requirements
caused an upward revision in the measured total post-change man-
hour requirements for seven of the eight cases in which we were
able to determine them; this corresponds to a downward revision
of the measured labor-productivity gains. The direction of this
revision again was expected and confirms the perhaps somewhat less
widely held view that, since indirect labor accounts for a greater
fraction of the total labor force in more technologically advanced
or more highly automated processes, its inclusion will somewhat
dilute the manpower impact of technological change. In our cases
most of the indirect labor requirement was identified with super-
vision and maintenance.

Total Labor Force

The computation of productivity changes for the total labor
force,in those cases where the data was available, revealed a
small but distinct net decrease due to technological change in as
many as four cases. These were an electric power plant and three
oil refinery, units. Thus it seems that the implementation of
technological change does not necessarily improve labor productivity--
it actually caused a decline in no fewer than 50% of all processes
for which full data were available.

However the extent of, gains in the other 501% of cases far
outweights these small losses, and the aggregate productivity gain
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over all processes would undoubtedly be positive.* On examining
collateral data obtained from management, it appears that some
technological changes were initiated despite an anticipated
(small). increase in labor cost per unit.t This was more than off-
set by improved yield and plant utilization, so that a net economic
gain actually resulted.

To summarize, our data support the accepted view that tech-
nological change increases labor productivity. But allowance
must be made for a significant minority of cases in which tech-
nological change produces no change in labor productivity or even
a slight decrease. This result is expected when changes are made
in already highly sophisticated processes with minimal pre-change
laborrequirement.

*This
cannot be computed without adopting a measure of product

value.

t
It might be argued that in these cases potential productivity
increases were masked by inelasticity of the in-plant labor force,
that is by management's inability to reduce the labor force to
match the new technological situation. This might be due, for
instance, to trade union contract limitations. However, collateral
observations indicated in at least one case that the workloads of
operating crews were increased rather than reduced by the tech
nological change.
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8.2 Productivity Changes by Process. Types.

8.2.1 Automatic mani ulation of materials and data

We turn now to labor demand comparisons between different
process types and different patterns of technological change.

The magnitude of labor productivity gains accruing from the
technological changes studies were found to be greatest for those
older technologies--mechanized check processing, batch annealing
and galvanizing, conventional machine-tool operation, and the
manually operated airline reservation system -- which entailed sub-
stantial amounts of direct human manipulation of materials and
data (Table 8.1). In all of these cases the observed decrease in
per unit labor requirement was achieved by one of the following
means:

(a) Elimination of the need for detailed manipulation of
materials- -e.g., by continuous processing.

(b) Transfer of detailed control over manipulations from
the human worker to pre-programmed electrical or.hy-
draulic control devices--e.q., by numerical control
of machine tools.

(c) Replacement of human brainwork in detailed data-
transmission, storage and processing operations by
digital computers and other electromechanical devices --
as in computerized check processing and airline reser-
vation systems.

We may perhaps conclude that large decreases in per unit manpower
requirement occur only where the technological change includes
m echanization of human tasks and where direct human manipulation
of materials or data was prevalent in the pre-change process.
Even here the productivity increases recorded were far from
startling.

8.2.2 Human interface between customer and system

It is particularly noteworthy that the only two processes
where the post-change functions of the labor force still included
direct manipulation of materials and data were the two service
sector processes, check processing and airline reservations. In

both of these, collateral observations revealed that the prime
reasons for retaining the human element was to provide an intbr-
face between the (unchanged) human customer and the new mechanical
information-processing system; the jobs in question were bank
tellers and airline'telephone sales agents. If it had not been
for these two necessarily human labor inputs, both processes would
have shown markedly greater productivity gains due to computerization.
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Thus the inclusion in the sample of two processes directly
serving human clients reveals an apparently fundamental limitation
on the capacity of autcmation to displace human labor. Humans
may be retained to provide a communication link between variable
and error-prone human customers or consumers, and an efficient
but inflexible computer or other automatic system.

It seems reasonable to infer from this result that an in-
creasing proportion of the service-sector labor force will be
engaged in interfacing between fully automated machine systems
and individual members of the public seeking the service. They
will be interpreters between man and machine rather than actual
producers. This constraint will set a lower limit on the manpower
demands of the service sector however far automation progresses.'
But this limitation is consistent with a major overall reduction
in per unit labor requirement of the service sector due to com-
puterization and related developments.

8.2.3 Advances in already automated processes

With two exceptions, labor productivity gains were small or
nonexistent where the older technology was already free of detailed
human manipulation, and could thus be described as already auto-
mated. This position can be reached anywhere in the manufacturing
and service sector where direct contact with consumers is not
required. Cases from our own sample were electricity generation
with centralized control, and hydrocarbon cracking. In these
cases technological change was undertaken either to secure im-
proved productivity of capital equipment (electricity generation),
or to obtain greater yield from raw materials (hydrocarbon
cracking), reduction in labor input being a secondary consideration.
In such instances any increase or decrease in labor requirement
will be of minor proportions,and it seems from our results that
decreases are about as frequent as increases.

Thus in general further technological change in highly mech-
anized industries may be expected to produce little change in
total manpower demand.

8.2.4 Delayed labor impact of automation associated with re-

organization of the plant level work force

There were two evident exceptions to this last generalization,
both of considerable interest.

*Though technology has certainly produced workable direct links
between client and mechanism, notably the pervasive dial tele-
phone system.
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The first was the change from decentralized to centralized
control of electricity generation. This is a case where the
labor savings potentially obtainable from the previously imple-
mented technological change from manual to automatic control had
not yet been fully realized. Centralization of control entailed
little or no change in the process technology as such, yet it
permitted a major reorganization and rationalization of the
associated work force. Thus the 54.4% productivity gain achieved
here (indirect labor included) may be interpreted as a delayed
consequence of automation. We ascribe it to an organizational
change "potentiated" by existing technology, rather than to a
genuinely new technological advance. Once centralized, the
further, genuine, technological advance to partial computer con-
trol had a negligible effect on the labor force.*

More generally speaking, we conclude that the potential im-
pact of automation on labor requirement may be delayed pending
appropriate changes in the within-plant deployment of the work-
force. Many other past and future instances of this phenomenon
can be identified in contemporary industry.

8.2.5 Unattended operation and infinite overall labor

productivity

The second exception was of a wholly different order. In

the case study on computerization of an air-separation plant we
observed an already highly automated process being placed under
full control of a digital computer. The last human operator was
withdrawn, and the process left completely unattended. In the
newer technology the only human intervention required was passive
monitoring of computer generated messages appearing on a tele-
type placed adjacent to a nearly manned plant, and weekly cali-
bration of automatic measuring devices. This resulted in the
elimination of one direct operator per shift, or four full-time-
equivalent workers, which does not in itself represent a large
labor saving. The bulk of the original labor requirement had
actually been eliminated at a much earlier stage of process
development.

The significance of this case lies not in the absolute man-
power saving achieved but in the fact that the new technology
shows extremely high, indeed almost infinite, overall labor pro-
ductivity, since the production of large volumes of liquefied gas
requires only a few minutes of direct human labor per week. But
labor productivity becomes difficult to estimate reliably in this
situation, and little significance can be attached to the measured
increases of 1,850% (direct, labor only) or 48%(overall). It is

perhaps better to describe the situation as one where the production
process has ceased to require human labor, and has therefore effec-
tively withdrawn from the labor market.

'But see footnote on page 147.
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This state of near zero absolute labor requirement, equivalent
to near infinite overall labor productivity, must be carefully dis-
tinguished from the one discussed below in connection with electricity
generating plant, where there is a fixed labor demand of significant
size regardless of volume of output. The latter case has near
zero marginal rather than overall labor demand, or total inelas-
ticity of labor demand relative to demand for the product.

There are as yet very few other cases comparable to this new
unattended air-separation technology in the manufacturing sector,
so that generalization would be premature. In the service sector
there are unattended hydroelectric and gas-turbine power plants,
fully automatic telephone exchanges, unattended radio and tele-
vision studios and transmitters, vending machines, parking meters,
laundromats, gas stations and many similar systems. From this it
is clear that unattended operation is a well-established fact, but
so far as we know, the impact of these and other similar technolo-
gical developments on manpower demand has gone unremarked in the
literature. No attempt has been made to estimate their aggregate
statistical effect on the labor force, though it may well be sub-
stantial.

The significance of the air separation case lies mainly in
the future, since the technological lead given by this success in
unattended operation of a relatively simple manufacturing plant
is likely to create the confidence needed to operate larger and more
complex manufacturing and service processes unattended, causing an
increasing and important decline in labor demand (gains in labor
productivity) for industry and the economy as a whole.

Discussions with technological personnel in the various plants
indicated that the technological threshold of readiness to leave
major plants unattended is associated first with attaining satis-
factory reliability of the digital computer and peripheral
equipment, and then with gaining sufficient control of raw materials
and the process environment, through development of computer control
programs and other "software." The point must be reached where
almost all conceivable exigencies can be handled by the computer
program and associated mechanical equipment without human inter-
vention.

The necessary confidence is gained quite slowly in most cases.
It must reach a high level before unattended operation becomes an
attractive proposition, since operating a large plant always
entails risk of major loss, and labor cost is small in relation to
capital investment. During our studies we observed many processes
with their human crews operating at very low workload, effectively
acting as an insurance against the remote chance of automatic
control system failure or other rare contingency. As the labor
cost--the "insurance premium"--is a small fraction of total cost
at this stage, the incentive for management to take the final
step to unattended operation is relatively weak.
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Yet it may be taken for the following reason. With increasing
program complexity, the detailed responses of the automatic equip-
ment are often unintelligible to the opel...4.or and his intervention
may disturb or disrupt rather than enhance process stability, re-
ducing yield and product quality. Thus the cost of undesirable
human intervention may exceed the benefit gained by insuring against
low probability contingencies, and at this point unattended
operation becomes distinctly attractive.

Among the processes we have studied, this poiot will be reached
before long in hydro-carbon cracking and electricity generation,'
and there are undoubtedly many more computer-controlled processes
nearing the same threshold.

Hence the overall expectation for the labor market is of a
further reduction in labor demand per unit product, occurring
fairly widely in process industry due to the transition to unat-
tended digitally computer-controlled process operation. There
will be a reduction in process operator type jobs. However, these
anticipated changes are likely to affect relatively small numbers
of workers in each of many industries over a long period, and no
sudden major impact on the labor force if foreseen.

8.2,6 Effect of scale of automated processes; infinite marginal

labor productivity

Apart from complete abolition of labor demand through digital
process control leadiny to unattended operation, our sample
processes also highlighted another well recognized and important
trend in plant design which has in many ways a similar manpower
impact. This is the effect of the physical size or scale of plant
on labor productivity, seen in the background information of the case
studies on steel-strip processes, electricity generation, hydro-carbon
cracking and air separation rather than in the manhour data itself.
In all these four cases, comparison between plants and firms showed
that crews of fixed size could freely interchange between plants
of varying size. The labor productivity of the process is then
determined not so much by the technology as by the physical size
(and hence throughput capacity) of its specific embodiment. Re-

ducing output below capacity permits no (short run) reduction in
manhour input, nor does increased output short offull capacity
require extra manhour inputs.

We can describe this situation as one of infinite (short run)
marginal labor productivity, or zero marginal)abor demand, associ-
ated with non- infinite overall productivity. In these cases,
direct production manhour demand for the industry as a whole will
be determined by the aggregate number of units operating, while
production depends on aggregate capacity. The consequence is a
fixed labor force largely independent of demand for the product.
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In this situation the economic trend is, of course, towards
plants of larger and larger capacity, so that on average each such
industry shows a downward trend in labor demand per unit product.
This tendency is well known and needs no further discussion here,
beyond remarking that in this phase of technological advance labor
productivity figures must be treated with extreme caution, since
one cannot assume elasticity of production with respect to labor
supply.

The outlook, again, is for steadily decreasing aggregate labor
demand per unit product, associated with steadily increasing aver-
age size of plant throughout process industry. The labor demand
will depend on total capacity, being inelastic with respect to
current demand for the product.

8.3 The Skill Impact of Technological Change (Qualitative Changes

in Labor Input per Unit Product)

A major objective of the research was to demonstrate the oc-
currence of skill profile changes due to technological change under
adequately statistical control, and using an experimental design
capable of assessing the statistical confidence level of the ob-
served changes. This was accomplished, for direct labor only, in
a total of 8 sets of cases reflecting 8 types (and subtypes) of
technological change. The results of the 11 resulting analyses of
variance are summarized in Table 8.2. No change in skill profile
was recorded for 2 subtypes of technological change, a highly sig-
nificant change was found in 3 cases, while the remainder showed
lov. to moderate significance levels.

We conclude that in the majority of cases technologica'
change has p. statistically demonstrable impact on direct labor
skill dema;,d.
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The change in skill demand associated with technological
change in our sample of processes was complex and cannot be
adequately summarized in a single set of unqualified statements.
We therefore present and discuss our overall conclusions from
three different viewpoints, roughly corresponding to successive
levels of disaggregation.

First, we consider changes in mean skill level computed from
skill profiles for older and newer technologies; second we examine
changes in the distribution of manpower demands by broad skill
levels corresponding to tripartite grouping of job-evaluation
scores in the skill profiles; and third, we examine changes in
educational and training criteria adopted by employers to meet
the skill requirements of their newer processes. A fourth area on
which the field data 'presented in the various appendices could
throw light is the manner in which specific human tasks, functions
and job contents change with technology. This topic is not
covered in the present report.

Before embarking on detailed discussion we wish to make three
general comments bearing on the interpretation of the data pre-
sented. First, the reader is requested to keep the distinction
between absolute and relative changes in skill demand clearly in
mind. Since technological change usually entails change in overall
labor requirement, the following situation can arise. A reduced
absolute demand* for some specific level of skill or education
may, if the total labor requirement is reduced more than propor-
tionally, emerge as an increased relative demand for that skill
level. Thus apparently opposite conclusions can be drawn by
interpreting the same data in different ways; which is the more
significant will depend on the nature of the policy or other
question at issue, and since in this chapter we present a gene-
ralized discussion independent of specific policy options, both
are given equal weight.

Secondly, the results and discussion deal with steady-state
production processes in the manufacturing and service sectors of
the economy as a whole. Our data collection procedures deliberately
excluded labor demands attributable to non-steady-state productive
activities such as capital construction, re-equipment, product
improvement and the like, and a fortiori they also excluded such
overhead activities such as in-plant training and education,
maintenance of methods and standards, security, public relations,
research and so on. The reader should bear this somewhat severe
restriction in mind when considering the implications of the data
for the whole of a specific industry or sector of the economy,
still more for the entire economy.

*Measured in manhours per unit product.
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Thirdly, the skill levels used are not strictly equivalent
across industries and process types. Within each industry it was
possible to set up an exact skill level metric based on abundant
job evaluation data. Where two firms schemes differed in detail,
we were able to cross-compare and utilize ratings by skilled job
analysts to construct a single scale valid for two or more or-
ganizations. But comparisons across industries were hampered by
lack of fully comparable "benchmark" jobs, and more fundamentally
by lack of a truly universal measure of skill

Lacking sound reference points, we endeavored to establish
cross-industry comparability by subjective comparison of job
descriptions across the six industries', and we feel that the
chance of serious error is small. More fully quantitative cross-
comparisons might reveal minor discrepancies but would be unlikely
to upset the conclusions presented below.

8.3.1 Technological change and mean skill level

Direct Labor

Initial and final mean skill levels, computed from job
evaluation point scores' weighted by manhours per unit product,
are summarized in Table 8.3 for the eighteen processes studied.
Taken by individual case, eight processes, or nearly half the
total, showed more than 5% increase in mean skill level, nine
remained unchanged or nearly so (changes falling in the range
+5Uand one case showed a decline of 10%. Thus the prima facie
evidence points to a general increase in the skill demanded of
direct labor due to technological change.

Examining these changes in skill level averaged over processes
within the six distinct types of technological change initially
identified for study, we note substantial increases in four cases
(E.D.P. in banks, continuous strip processing, computerized reser-
vation system and centralized automatic control), one case
(computer process control) with no change,and one (numerical con-
trol) showing a modest decline. Again we draw the overall
conclusion that technological change is on the average associated
with an increase in labor force skills.

At direct labor level we therefore find strong support for the
widely-held view that current technological trends require up-
graded direct labor, force skills.

"Appendix G.

After suitable adjustment of factor scores to secure within-
industry comparability.
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Overall Labor Force

However, the addition of data on indirect labor (unfortunately
available in suitable form for only 5 of the 18 processes) forces
us to modify this conclusion. In the three single cases where hard
data was available and the proportional contribution of indirect
labor was high(steel annealing, electricity generation, air sepa-
ration), the changes in mean skill level were markedly less
for the composite data than for direct labor only. Assuming
that indirect labor requirements and skill levels in the other
steel-finishing and electricity generation processes were similar
to the ones studied, that they were little affected by the
technological change in hydro-carbon cracking'`, and that
indirect labor was relatively unimportant in the airline reser-
vation systemst, we may plausibly conclude that in only two out
of the six process types (demand deposit accounting and airline
reservation systems) did the overall increase in mean skill level
exceed 5%. This considerably modifies the conclusion based on
the direct labor data alone.

Thus the two service-sector process types were the only ones
where technological change produced skill upgrading large enough
to be probably detectable in the aggregate labor aemand statistics
of the relevant industries.

There was distinct down-grading of skill demand due to tech-
nological change in centralized and computer-controlled electricity
generation and in air separation, though probably too small to be
detected in aggregate statistical data. This observation offers
some support for Bright's contention that skill requirements de-
cline (rather than increase) with automation. It will be recalled
that while Bright's studies did not provide controlled comparative
data of the type discussed here, his observations covered a wide
range of metal working industries, most nearly paralleled here by
the aerospace machining process where our results do not conflict
with his.

8.3.2 Technological change and labor requirements by-specific

skill levels

On examining the detailed pattern of change in labor require-
ment per unit product at specific skill levels within the aggregate
changes in mean skill level discussed above, the processes and
process types studied showed marked differences.** For the

*
An assumption made plausible by the data presented in Table 8.5.

(Supported by collateral qualitative information from management.

*
*For a complete appreciation the reader should refer to the total
set of skill profiles presented in the individual case studies.
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present discussion the detailed data have been condensed by
grouping into three broad skill levels, respectively Lower
(roughly equivalent to "unskilled" labor), Medium ("semi-1.
skilled" labor) and Higher (skilled craftsmen and above).

Observed absolute manhour requirements grouped into these
three levels are summarized for direct labor and overall labor
respectively in Tables 8.4, and 8.5, and the same data are pre-
sented as proportions of total input for each process in Tables
8.6 and 8.7.

It will be noted that indirect labor data was available for
only 8 of the 18 processes. Quantitative job evaluation scores
were unavailable for 3 of these 8 (the 3 hydro-carbon cracking
processes), so that mean skill level's could be computed for the
total labor force in only 5 cases (see Table 8.3). However, we
were able to assign the known manhours of indirect labor to broad
skill groups in these 3 cases, so that some conclusions can be
established relative to the overall skill distribution for this
process type.

Lower'Skill Levels ("Unskilled" Labor)

Considering direct labor first, only 5 out of 18 pre-change
(older technology) processes required as much as 10% of their
labor input in the lower skill levels (Table 8.6), and in 4 of
these 5 cases this requirement declined steeply with technological
change. The highest post-change proportion of lower skill level
direct labor manpower was found in one of the two airline reser-
vation systems, where the remaining low-skilled tasks were mainly
routine clerical operations.' Another 4 of the 18 processes
showed small increases in absolute and relative low level direct
labor skill requirement associated with technological change.

When the indirect labor data are added, however, the resulting
figures for the proportion of total labor input at-lower skill
levels fails to support the above conclusion, since there are
strong signs (particularly in electric power generation and steel
finishing) that when technological change displaces lower skills
from the direct labor area, they reappear as indirect labor. Thus
we note (Table 8.7) that the net change in the proportion of lower
skills was almost zero when averaged over the 8 cases studied. But

with a mean decline in total labor requirement, the absolute amounts

*A subjective appreciation of the levels of a-kills in question can
be gained by referring to selected job descriptions presented in
Appendix G.

t
However in this case the job evaluation ratings are believed to

have been biased downward, and some jobs, e.g., teletype operator,
which were assigned to the lowest skill level should probably be
reclassified "semi-skilled."
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of total lower-skilled labor per unit product decreased on average
by a substantial amount.

It seems plausible to draw the following conclusions con-
cerning the overall consequences of technological change for un-

skilled labor. If a given process still requires a significant
amount of unskilled labor,in direct production work at the present
time, technological change is likely to reduce this requirement
substantially. But a fraction of it will probably reappdar in
the indirect labor area, leaving only a small net change. Modest
new demands for unskilled labor seem also to be created by some
technological changes, to some extent stabilizing the overall
demand for lower-level skills. Extrapolating somewhat from these
results we predict that unskilled labor will continue to account
for some 5% of the total (direct plus indirect) production labor
force despite further technological change.

Middle Skill Levels ("Semi-Skilled" Labor

Again taking direct labor first, we note that pre-change
(older technological level) demands for medium skill levels in
the 18 processes varied all the way from 100% of the direct labor
force (in demand deposit accounting) down to zero (in hydro-
carbon cracking). All of the 15 cases with a non-zero pre-change
medium level skill demand showed post-change reductions. These
ranged from 100% to 3.6% of the total labor requirement.

Thus we may conclude with some assurance that technological
change reduces direct labor demands for medium skilled labor both
relatively and absolutely.

Considered by process type, and apart from the special case
of air separation where the transition to unattended operation
caused total elimination of medium skill requirements, the greatest
reduction (31.6% of total labor requirement) occurred in centrali-
zation of control in electricity generation. Here the transfer
from medium to high-level skill demands was clearly associated with
more "concentrated" tasks, i.e., those covering a greater area of
the process and equipment.

The pattern of change in the four steel finishing processes
cannot be interpreted in this way, since the newer technology
differed markedly from the old, and few of the new tasks were
comparable in any direct way with the old ones. Here, and in the
cases of demand deposit accounting and airline reservations, a
substantial number of pre-change tasks requiring medium skill
levels were abolished and replaced by somewhat fewer distinctly
new tasks demanding higher skill levels.

Again the addition of indirect labor seems, for the 8 cases
available, to dilute the overall effect of the technological
chances. One case (centralization of electricity power generation)
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exhibited a relative but not an absolute increase in medium-level
skills. Thus there seems again to have been a displacement of
medium level skills from the direct into the indirect iabor force,
together with an absolute decrease in medium-level skill require-
ments.

High Skill Levels ("Skilled" Labor

The pre-change direct.-labor demand for high level skills
varied from all to none of the labor force (Table 8.6), In the
former case, comprising 3 processes, naturally no increase could
occur. Of the remaining 15 processes, 12 showed an increase.

Thus the generalized conclusion is warranted that technological
change increases the relative proportion of top-level skill require-
ments for direct labor. But as seen in Table 8.4, only 5 of these
12 cases represented an absolute increase in requirement per unit
product, while 4 showed decreases, and three were almost unchanged.
Thus the productivity of higher -level skills (the volume of product
per unit of highly skilled labor power utilized) clearly did in -.
crease to some extent with technological change, though less than
total labor productivity.

When indirect labor is included (Tables 8.5 and 8.7) we have
results from 8 processes. These show fewer increases in propor-
tional higher-skilled labor demand, only 2)out of 8 being large
enough to be considered major. And none show significant increases
in absolute higher-level skill demand.. Contrasted with the direct
labor data, this pattern suggests that there has been a net trans-
fer of higher-level skills out of indirect into direct labor
demands, once again diluting the net impact of the technological
change on the labor force, but in the reverse direction to that
observed at lower skill levels.

We conclude that technological change generally reduces the
absolute demand for skilled labor, hence that the productivity of
skilled labor considered in isolation is somewhat increased by
automation. In general we infer that the overall tendency toward
skill upgrading is largely accounted for by labor economies at
semi-skilled ("operative") and to a lesser extent at unskilled
("laborer") levels, with little net contribution by increases in
higher skill levels.

Considered by process-type, in the 3 computer process control
applications respectively, all, half, and none of the pre-change
labor force was at a high skill level, and the post-charge situ-
ations were identical. Here there was a uniform small absolute
increase in skilled labor for the total labor force (Table 8.5),
duerpresumably to the addition of maintenance labor required to
service the new computer and peripheral equipment. In all other
cases the post-change direct labor force (Table 8.6) contained a
greater proportion of higher skill levels than the pre-change one,
and except in one case this was maintained (Table 8.7) after the
inclusion of indirect labor.
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But three of the six process types (continuous processing,
numerical control and computerized RDRT systems) showed decreases
in absolute per unit demand for direct labor at these higher skill
levels (Table 8.4). The two process tyoes showing absolute direct
labor increases at highly skilled level are of special interest.
They were computerized off-line data processing (demand deposit
accounting) and centralized control of electric power generation.
The former is a case where substantial amounts of new complex equip-
ment were introduced to supplant previous largely self-supervising
manual workers, and new higher skilled workers were required to
operate it. They are mainly employed on evening and night-shift
work, while the day-shift labor force remains medium-skilled. Here

the addition of indirect labor revealed a counterbalancing reduc-
tion, apparently due to the reduced need for supervision of the
reduced direct labor force, and the net result was a small decline
in higher-level skill requirements.

The latter case--centralized control of electric power
generation--is one where skills were upgraded through what may be
called "job-enlargement," the combination of previously separate
direct tasks into new, more complex, and therefore higher-skilled,
jobs. This upgrading process is made feasible by relocating . :hat

had been widely separated control stations into a central control
room. But again there was a counterbalancing reduction at indirect
labor level, leaving a net downward change in higher-level skill
requirements.

In the case of computerized RDRT services (airline reservation
system) new complex equipment was introduced without a concurrent
increase in higher skii', labor requirements. Direct labor data
only are available, and the skill distributions for the second firm
in which this process type was studied are of somewhat doubtful
validity, due to shortcomings in the job evaluation data. Thus it
may be better to take the first firm as definitive. The result
here is in line with those discussed above, showing small absolute
and relaTive increases in higher skill requirements. The amount of
indirect labor ;z probably small in this case, so this probably
represents the true overall picture.

8.3.3 Summary of conclusions on the skill impact of technological

change

Given the complexity of the picture presented above, any
attempt to summarize the results is liable to be misleading.
Nevertheless the following very broad conclusions appear to be
warranted.

First, there was little or no overall net tendency for the
mean skill level of the workforce to increase with technological
change. An upward tendency shown by the direct labor data seems
to have been due to incomplete observation, since in many cases
direct change direct labor demands for lower level skills reappeared
as indirect labor demands after the change. Tree phenomenon makes it
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imperative to include at least the major components of indirect
labor in any future comparative study of the mnapower impact of
technological change.

Second, the small overall changes in mean skill levels were
largely offset by larger overall productivity increases. Hence
decreases in absolute demand measured in manhours per unit of
production for specific skill brackets were more prevalent than
increases.

The decreases in absolute labor demand were greatest at
middle levels ("semi-skilledulabor), next greatest at unskilled
levels (laborers), and least for skilled labor (operatives and
skilled craftsmen). The data suggest almost no net change in the
last case.

Third, when examined by type of process, major changes in
skill demand are found to be concentrated in those cases--a
majority--where what may be called primary automation and its con-
sequences have not already been established. Technological change
has relatively little manpower impact in already automated but
still manned processes. The transition to what we may term
secondary automation--where the process is turned over to full
computer controlard operates unattended--causes, as may be
expected, a very large percentage decrease in manpower input,
associated with a decline in skill-level; but this phenomenon is
still rare in manufacturing industry.

Finally it must be said that, with the single exception of
the transition to unattended operation, none of the manpower con-
sequences of the technological changes studied appear major when
evaluated as percentage changes of manhour and skill level demand.
One would be confident of detecting few of the effects at a higher
level of aggregation. Thus we conclude that technological change,
as represented by this cross section of eighteen processes drawn
from six process types, does not cause any major change in skill
requirements. There is a perceptible upward drift in aggregate
mean skill level, but no more.
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8.4 Work Force Educational Levels

. While our attention was primarily focused on job evaluation
factor scores and on ma; hours of labor requirement to permit the
above detailed analysis of the skill impact of technological
change, where possible we also acquired collateral data on edu-
cational qualifications, training and job experience, as well as
job descriptions for all the cases studied.* General conclusions
cannot be drawn from training and job experience data (presented
in the relevant appendices) with any confidence, but educational
levels seem worth a brief discussion. The relevant data are
summarized (for direct labor only) in Table 8.8. Each figure
represents the mean of two or more firms.

In interpreting the figures, the reader should bear in mind
that few, if any, of the recorded requirements for educational
levels represent strict managerial recruitment criteria. Most
are estimates, ventured by management, of the general educational
level needed for success in the jobs in question, and many
represent desired rather than strictly necessary attainments.

As to the results presented in Table 8.8, it will first be
noted that no definite requirements beyond high school graduation
were encountered. In cases where 100% of the labor force were
quoted as needing the high school diploma, other things being
equal there would undoubtedly be a preference for applicants with
some college education. But this does not imply a requirement
for education beyond the stated 1Lvel.

With the one exception noted below, the newer technology
required a better educated labor force than the old in each case,
though differences were small, and the general nature of the
process had more effect than the technological change itself. In

demand deposit accounting the upward trend was slight, and partially
offset by the addition of a small proportion of low educational
requirement labor (corresponding to the unskilled labor discussed
in the previous section). In the steel finishing processes, a new
requirement for high school graduate level labor was ascribed
mainly to the need to recruit for later promotion to foreman and
above, after in-plant experience.

In centralized control of electric power generation, operators
need facility in written communication, calculation, use of tech-
nical documents, and some ability to conceptualize the process,
hence a near 100% requirement for high school graduate education
was encountered. Similar remarks apply to hydrocarbon cracking
processes. The need to fill the promotion ladder was also
stressed in this case.

*
These are omitted from the present report for reasons of space

and may he obtained irom the authors on demand.
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The exception was numerical control, where about one third of the
post-change labor force needed no high school education. This
was because the need to read and interpret engineering and
drawings and technical instructions had been partially eliminated
with the adoption of preprogrammed tape control.

Finally, the special case of air separation may be noted.
Here the pre-change operator, a single man per shift, required
little education, depending almost entirely on in-plant experience.
There were no post-change operators.
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CHAPTER 9: POLICY IMPLICATIONS

We now consider the implications of our results for manpower
and economic policy. Here we move beyond the relatively firm
ground of observations and factual inferences into areas requiring
broad vision and judgment to synthesize many diverse aspects of
the policy issues. As a research team specializing in a particu-
lar subfield of manpower research, we do not claim particularly
broad vision. Therefore the following discussi3n must be read as
a specialist contribution to the formation of policy. As Professor
Galbrait.h has pointed out in his recent study of "The New Industrial
State," the fate of such specialist contributions is to be probed
and tested for validity, then integrated with other analyses so
that executive policy can ultimately be formed from the confluence
of many sources of information and competing analyses.

The field of manpower policy has been very fully discussed in
the post World War II literature, especially in the seven years
since MDTA', and the present chapter would be overloaded by any
attempt to provide a review doing even partial justice to the
numerous distinguished contributions. Therefore the reader is
assumed to be familiar wi.h the main lines of the various inter-
locking issues and debates in progress, and we examine only those
questions to which our results are particularly relevant.

Brief metviews of manpower policy goals, the place of manpower
policy within broader economic and social field, and the structure
of what may be termed the "manpower subsyste,m" of the economy, will
be given first to provide a framework and establish terminology.
Within this framework specific' discussions of the following topics
follow: structural changes in manpower demand and unemployment
related to technological change and she : 't -term training and re-
training policy; longer-term vocational training and educational
policy; the impact of technological change on full-employment
policy, particularly as implemented by fiscal and other measures
to maintain aggregate demand; and on further research and statis-
tical needs in the.manpower field.

A partial listruns'to some 20 substantial volumes by non-Govern-
ment sources, not to mention numerous official papers and reports.
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9.1 The Framework of Manpower Policy

9.1.1 Policy goals

It is generally agreed that in an advanced industrial society
such as the United States, manpower policy must be closely inte-
grated with general economic and business policy. As the present
Commissioner of Labor Statistics has put it*:

"The manpower program can be viewed as one arm of national
employment policy - the other arm being fiscal and mone-
tary decisions that affect the level of aggregate demand.
The central theme of manpower policy is, therefore, deter-
mined by the employment objectives of the government, to
the extent that they are taken seriously."

Within this framework manpower and employment policy-makers
pursue three distinct goals. First they seek to maximize the uti-
lization of human labor and skill engaged in the production of
goods and services, hence maximizing aggregate real income.
Second, they aim to minimize the number of people underemployed
or unemployed and so deprived of a meaningful place in society.
Ane third they endeavor to secure equitable distribution of income
according to current standards of social justice. The interaction
of these and other policy goals has been well discussed by R.A.
Gordon who expresses the overall objective as the maximization
of a "national economic welfare function" subject to various con-
straints. Full quantitative analysis along, these lines becomes
exceedingly complex and requires very careful definition of vari-
ables and relationships to avoid confusion.

9.1.2 Policy instruments and the "manpower subsystem"

The Labor Market

At present the manpower resources of the American economy
are very largely allocated to productive uses by the free inter-
play of supply and demand controlled by pricing in the labor
market.

On the demand side are industrial firms, government agencies,
educatiom'i military, research, and other organizations, together
with unorganized individuals seeking personal services. The

J.

"Rhetoric and Reality in Manpower" in Manpower Tomorrow: Prospects

Priorities, ed. Irving H. Siegel. New York: Siegel, 1967.

**
R.A. Gordon, "Full Employment as a Policy Goal" in Employment

Policy and the Labor Market, ed. A.M. Ross. Berkeley: University
of California Press, 1§-637
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quantitative level and qualitative distribution (structure) of
manpower demand at any given time is largely determined by the
interaction of two specific factors, (i) the volumes of demand
for various goods and services, and (ii) the technologies used
for production to meet the demand for goods and services. The
present research project was concerned with the latter factor,
and the main policy implications of our findings are therefore
on the structural aspect of the demand side of the labor market.
In particular we have provided detailed new information on struc-
tural changes in manpower demand due to technology, with signifi-
cant policy implications presented in Sections 9.2 and 9.3 below.

rTtmr.m17.0,27.r7Nn

On the supply side of the labor M3 .ket we recognize, in order
of decreasing immediacy, individual urv,:ganized members of the
labor force, labor unions, public and private vocational training
schemes and establishments, schools and colleges, and the family
and social structure of society as a whole. Our own data have
little to say about manpower supply at any of these levels and
here we rely on the findings of other analysts.

Both the demand and supply sides of the labor market are
quite highly structured at the level of the organization. Most
industrial firms and corporations operate deliberate manpower
policies designed to ensure continuing supplies of labor in the
amount and quality needed for their production and other processes.
However, each organization operates in the labor market to a large
extent independently of others, particularly in negotiations with
individual workers and labor unions. Firms and government organi-
zations manage their own manpower supply internally by reallocation
and promotion of individuals, together with inhouse education and
training schemes. Thus the organization is the basic entity
operating on the demand side of the labor market.

On the supply side a few employee organizations,such as labor
unions, make deliberate attempts to coordinate the supply of speci-
fic anticipated labor demands. At a higher level, conscious mutual
adjustments between individual firms needing labor and specialized
educational and training organizations geared to supply it, are
much less prevalent.

A major factor reducing the power of manpower demand to in-
fluence supply is the long lead-time needed to generate a specific
type of human skill or experience ir response to a new demand.
Quantitative adjustments can be al:,complished by short-term programs
such as recruitment through local and national advertizing, and minor
qualitative ones through in-yhouse,. refresher.courses, job-training
and the like. More basic changes in labor force location, motiva-
tion and skill patterns require costly long-term educational and
training efforts lasting up to five or more years per individual
worker. Buoyant demand in the labor market encourages what in
effect is longrerm investment in human capital, but, being tied
to individuals, this investment cannot be tightly controlled as
in the case of physical capital. Therefore the process tends to
be slow and diffuse in its response to new manpower demands. In

194
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general, the demand side of the market tends to assume inelastic
supply, and there is much bidding-up of scarce manpower resources,
principally ability, skills and experience. Our present findings
on the impact of technological change appear to imply a need for
federally supported longer-term apprenticeship and training pro-
grams to meet the future manpower needs of advanced manufacturing
and service technologies. These are set out in Section 9.3 below.

Aggregate Demand as a Full-Employment Policy Instrument

It is now accepted that near-full employment requires a
specific level of aggregate demand; below this level there will
be a lack of job opportunities, while above it (following A.W.
Philips' analysis).,,the rate of increase in wage rates will be
unacceptably high.- In recent years governments have generally
been able to stabilize aggregate demand at or near the target
lew.:1 by fiscal and/or moretary measures, thus maintaining near-
full employment, generally with a small to moderate rate of in-
flation.

The efficacy of this demonstrably successful approach to
full-employment policy depends on the operation of several dy-
namic causal sequences, among them a strong positive impact of
.aggregate demand on aggregate employment. This positive reition-
ship has been taken for granted by all analysts,and is undoubtedly
a real feature of the present situation. However, our investiga-
tion of the role of labor in modern technology leads us to con-
clude that this particular relationship is currently weakening
and may be expected to break down in the not too distant future.
When this occurs it will no longer be feasible to control aggre-
gate employment solely by manipulating aggregate demand through
fiscal or monetary policy. Additional policy instruments for
maintaining full employment will then be called for.

This conclusion, explained more fully in Section 9.4, may be
expressed in technical terms as follows. The marginal elasticity
of demand for labor with respect to production shows signs of
falling off and ultimately reaching zero. When this point is
reached demand for labor will become functionally independent of
demand for goods and services and will thus cease to respond (in-
directly) to fiscal and monetary adjustments, the instrument on
which most reliance is currently placed. It is suggested that
this tendency will require major changes in full-employment policy.

See, J.W. Garbarino, "Income Policy and Income Behavior" in
Employment Policy and the Labor Market, ed., A.M. Ross. Berkeley:
University of California Press, 1965.

195



175

Income Distribution

Equitable income distribution according to current standards
of social justice is achieved partly by maintaining full employ-
ment as discussed above, and partly by applying a mixture of
fiscal and welfare policies designed to redistribute income, or
whose unintentional effect is to do so. Since our data have no
direct bearing on this aspect of manpower policy," this aspect of
manpower policy will not be discussed further.

'Though indirect policy implications may be traced both through
full-employment policy and through structural changes in manpower
demand due to technological change..

19G
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9.2 Short-P.un Manpower Supply Policies Related to Technologically

Induced Changes in Manpower Demand

As noted in the, previous section, our Findings relate principally
to the demand side of the labor market, and concern the impact of
technological change on the quantity and quality of labor required for
production and service processes. We now consider their specific
bearing on short-run active manpower policies.

It has been suggested that Federal and State authorities should
intervene on the supply side of the labor market to remove structural
barriers to full employment created by technological change. Specifi-
cally, training and retraining schemes have been advocated to meet the
supposedly higher skill-demands of automation, and as is well known,
many such programs have been initiated. However, we have found very
little evidence that technological change actually does result in novel
or higher skill demands, and we therefore conclude that Federal and
State training and retraining programs cannot be justified by the need
to adjust the labor-supply skill mix to the requirements of newer
technologies. Since the new skill demands are not markedly different
from the old ones, there is no reason to suppose that normal (private
and local) adj .Jtment mechanisms will not continue to operate satis-
factorily without government assistance. A more detailed discussion
follows.

Automation and Structural Unemployment

In the upsurge of concern over the apparent impact of automation
expressed in a voluminous literature of the late 1950's and early
1960's, some observers expressed anxiety almost amounting to panic
over the reported loss of jobs and escalation of skill demands due to
automation. Several analysts, with C.C. Killingsworth prominent among
them,' cited technological change and particularly automation as being
responsible for high unemployment rates. Major importance was ascribed
to the supposed elimination of low-skill jobs leading to lack of oppor-
tunities for low-skilled workers, particularly youth and minority
groups. It was suggested, in short, that automation had already
produced a substantial volume of "structural" unemployment and would
produce more. This position was reached despite the fact that Bright's
field studies,** at that time the only substantial investigation
bearing directly on changes in manpower demand due to technological
change, failed to provide evidence of important skill upgrading, and
indeed indicated a possible decline in skill demand. Possibly due to

* C.C. Killingsworth in The Nation's Manpower Revolution. U.S. Senate
Committee on Labor and Public Welfare, 1963.

J.R. Bright, Automation and Management, Boston. Harvard Business
School, 1958.
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imprecise measurement and lack of adequate statistical control, Bright's
field data may not have been considered conclusive enough.

Subsequent less heated discussion both revealed the paucity of
hard data underlying the automation scare*, and showed how difficult it
was to evolve a sound operational test for the existence of rigid
structural factors preventing full employment. According to Lipsey**,
structural barriers to full employment must be regarded as relative,
not absolute, finding expression through inflation as expressed in the
Philips' curve rather than having unemployment as a direct consequence.
Lipsey postulated that structural factors would operate as follows.
Progressively less productive elements of the (potential) labor force
would enter employment as aggregate demand rose; the resultant loss of
efficiency would cause cost increases, which in turn would lead to
unacceptable inflation, the latter being the ultimate (indirect)
limiting factor on aggregate employment. Also a prolonged period of
high aggregate demand would permit further marginal elements to be
gradually absorbed, causing a slow downward drift in unemployment rates.
At the time of writingt the unemployment rate stands at a ten-year low
of 3.3% after eight years of economic expansion, lately with significant
inflation; Lipsey's general analysis thus appears to have been borne
out by experience. Nevertheless it is clear that, while their impact is
indirect, structural barriers to full employment do exist, since with
an ideal labor force, and given the current high level of aggregate
demand, unemployment would certainly be well below the present figure.
The unexpectedly large extent of underemployment revealed in recent
surveys by the Department of Laborff also corroborates this view by
showing that many labor force participants cannot find adequate work
opportunitiesfeven though aggregate demand is at or near its inflation-
ary limit.

Our own findings show that technological change does not
affect the structure of labor demand to any marked extent; and there-
fore confirm Bright's tentative conclusions and support Lipsey's
indirect denial of the "strong" form of the structural unemployment
hypothesis. While our earlier direct labor data pointed to a definite
rise in mean skill level, the present results*, providing a more
balanced view of the total process-related labor force, show only very

modest changes in skill profile and almost no increase in mean skill

e.g., C.E. Silberman, The Myths of Automation, 1966.

**
R.G. Lipsey, "Structural and Deficient-Demand Unemployment Reconsidered"

in Employment Policy and the Labor Market, ed., A.M. Ross, Berkeley:
University of California Press, 1965.

Early 1969.

ft
See Chapter

*
See Tables 8.2 through 8.7.
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level. The latter is probably the best single index of the structural
impact of technological change on labor demand.

Also we failed to find indications that labor supply is inadequately
matched to demand, which would be expected to result in implementa-

tion of technological change being obviously delayed or hindered by
shortages of skilled manpower. While in almost all cases the new job
contents were markedly different from the older ones, we ascertained
that local manpower supply adjustments (including recruitment, reallo-
cation and retraining within the firm and on the job) had readily
allowed the existing labor force to meet the new requirements. Many
other case study. reports support this conclusion."

Indeed in some cases exactly the reverse effect to that postulated
by the structuralist school was observed, for an avowed objective of
technological change is to reduce dependence on the supply of skilled
manpower, thus reducing structural barriers to full employment. For
instance, our own studies on numerical control**, and others reported

the literaturet, showed that a prime factor in the decision to install
the new technology was management's wish to eliminate part of the need
for skilled journeyman machinists, who were in short supply.

Explanation for Lack of Change in Skill-Profile

The reason for the non-appearance of major skill-upgrading despite
the introduction of new and often highly complex equipment* is not far
to seek. When deciding whether or not to install a proposed new techno-
logy, management takes the anticipated new manpower requirements into
account. A new process with markedly higher skill demands will not be
installed unless management is assured of an adequate supply of higher-
skilled workers, a resource which is often conspicupus by its absence.
Many potential new technological developments are therefore stillborn
due to manpower supply constraints, but those that actually reach the
fullscale planning stage are likely to conform to manpower supply
constraints. The technical literature reports many instances where

e.g., Man ower Piannin to Ada t to New Technolo at an Electric and
Gas Utility, B.L.S. Report 293, 19 5; and

Studies of Automatic Technology - A Case Study of a Large Mechanized
Bakery, B.L.S. Report #109, 1956.

'Crossman, E.R.F.W., S. Laner, L.E. Davis, and S.H. Caplan, op. cit.
and

The Impact of Numerical Control on Industrial Relations at Plant Level
--U.S.A., prepared for the Automation Unit, International Labor Office,
Geneva, by E.R.F.W. Crossman, S. Laner, S. Caplan, 1968.

Management Decisions to Automate, Manpower/Automation Research Mono-
graph #3, Manpower Administration - Office of Manpower Automation and
Training, 1964.

Described in Appendices 1-4.
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projects were either never implemented, or delayed, or abandoned after
startup, because of manpower supply problems.

Equipment designers and plant engineers are also required to
ensure as far as possible that new equipment is operable and maintain-
able by existing staff with only minor retraining. Manpower plans are
laid before new equipment is delivered; while a few key technical
personnel may be allocated to specialist roles on the new process,
overall skill demands are not generally permitted to increase signifi-
cantly for fear of delays and shutdowns due to lack of the requisite
skilled personnel.

Adjustments to reduced demand for lower-skilled labor are most
frequently made without firing the individuals affected, by reallocation
and planned attrition of the labor force. If this is fully effective
there will be no new hiring despite increased production. Hence, due to
deliberate organizational policy, only a modest change in skill profile
is likely to be associated with introduction of a new technology, and,
except where a new plant is located far from existing facilities, it
generally has little immediate effect on external labor demand.

We cannot at present buttress this explanation of our data with
hard evidence, but extensive field observation and discussion with
managers, system designers and other technical personnel, together
with study of the literature, gives us considerable confidence in its
general correctness.

Implications for Training and Retraining Policy

The policy implications of this pattern are easily seen. Since
organizalions are well able to cope with the manpower consequences of
technological changes (even major ones) by internal readjustment, they
need no external help to supply higher-skilled workers or to re-employ
lower-skilled ones. Nor should technological change be expected to
affect the general labor market by causing rapid release of numerous
redundant lower-skilled workers. At most there will be a prolonged
"standstill" period of non-hiring at lower and middle-skill levels when
a given technological change is unaccompanied by major expansion. A
general consequence of this is that new entrants to the labor market,
particularly unskilled youth and minority-group workers with few
educational qualifications, cannot expect to find job opportunities in
advanced manufacturing and service industries' and must therefore be
absorbed by other sources of labor demand.

Highly organized services to the consumer may be a possible
exception. In this case expanded capacity in data processing, communi-
cation and transportation may call for more extensive dealings with
clients and require increased numbers of middle-level skilled workers
to provide the interface between customer and system. The bank teller
and airline sales agent* exemplify this class of occupation. We may

*Whose roles are described respectively in Appendix 1 and Appendix 4
below.

A phenomenon sometimes referred to as "silent firing".
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note in passing that occupants of these consumer/system interface roles
perform best when dealing with consumers of similar cultural backgrounds.
Hence, as banking, transportation and other highly organized services
spread to lower socio-economic and minority groups in the community,
recruitment of middle-skilled members of racial and other minority
groups might be expected to increase to fill these positions. Again,
we have no evidence that private industry fails to meet these staffing
needs though normal recruitment and internal training mechanisms, and
no special Federal or State action seems necessary.

To summarize the foregoing section, we find no indications that
active manpower policies are needed to match labor supply to changes in
process-related skill demands due to technological change. The requisite
manpower adjustments fall well within the capability and motivation of
organizations undergoing technological change, and should be left to
them.
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9.3 Long-Run Training and Educational Policy in Relation to

Technology

As the previous section showed, the implications of our
results seem to be largely negative for short-term Federal and
State job training and retraining programs. We have found little
or no evidence that these are directly required to facilitate
short-run labor force adjustment to technological change. We
have further suggested that the major reason for the unexpectedly
small manpower impact of large and important technological changes
is managements' ability to stabilize manpower demands at the de-
sign stage of a proposed new process or system. In short, our
findings indicate that managements adjust technology to manpower
supply, rather than manpower supply to technology.

This explanation of the cidfa:though perhaps insufficiently
corroborated, suggests a positive implication for manpower policy.
If short-term manpower supply considerations actually constrain
the extent and effectiveness of technological advance, an objec-
tive of long-term manpower supply policy should be to secure
relaxation or removal of these constraints, thus facilitating the
implementation of future more complex high-productivity systems.
The most critical consideration here is the long lead-time (2-5
years or more) needed to educate and train individuals to the
level ideally needed for routine operation and maintenance of
highly advanced production processes. This implies that the
planning horizon for a viable program should be at least ten
years. We therefore propose that consideration should be given
to the establishment of a federally-supported apprenticeship
scheme for advanced production technology. A detailed discussion
follows.

Training for Routine Production and Maintenance Roles in Advanced

Production Systems

While some private organizations do operate success-
ful long-term educational and training programs to meet their own
projected manpower-supply needs, these seem to be geared princi-
pally to the requirements of equipment and system design and
development; they do not as a rule produce highly skilled staff
for long-term routine operation of advanced systems once designed,
built and commissioned. Consequently there is a gap, due to man-
power supply constraints, between the technical feasibility of
new processes at the level of design concept and construction,
and their operational viability. This gap could be closed by
increasing the supply of highly qualified labor available for
routine operation and maintenance functions as distinct from de-
sign and construction, which in turn would permit more advanced
systems to be implemented on a fully operational basis. Put

differently, we suggest that an active attempt should be made to
raise the skills of the direct production work force to a level
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permitting fuller exploitation of advanced technology, and hence
increasing the real wealth of the nation.

Outline Design of a Modernized Apprenticeship System

Considerations of educability, distribution of intelligence
in the population, cultural background, and other factors outside
the purview of this report suggest that since a viable program
would aim to produce high-quality personnel who would neverthe-
less be willing to remain in production and routine maintenance
roles for prolonged periods, effort should be concentrated on
potential labor force entrants in the middle, rather than the upper,
level of the spectrum of innate abilities. Following established
precedent, the requisite education and training would therefore
take the form of an apprenticeship. Opportunities of this type
should be made available to potential labor force entrants who,
though not highly able in the academic sense, are yet capable of
grasping theories, concepts, and general principles having direct
relevance to their future work as operators and maintenance per-
sonnel.

The knowledge content and work experience provided under the
proposed new scheme should be markedly different from that found
in present-day apprenticeship schemes. Our studies of advanced
technologies indicate that computer technology (digital data-
processing, programming and digital remote control), together with
analog instrumentation and automatic control, are basic to all
modern production and service systems, so this should form a
major part of the core curriculum. However, their applications
vary widely from industry to industry in response to specialized
needs, so that no single generalized cross-industry curriculum
would serve. Production and maintenance workers also obviously
require specialized knowledge of plant, products, and processes
specific to their own industry. Therefore the training should
be differentiated by industry.

Recent studies of the contemporary apprenticeship system, such
as that by Strauss", suggest that while there is little immediate
demand for apprentices, this is because existing schemes are largely
tailored to older, often outdated, types of technology and skill
and also indicate that

"...our college-oriented school system seems not to be
meeting the needs of a large part of our youth."*''

Strauss, George, "Apprenticeship: An Evaluation of the Need" in
A.M. Ross (ed.), Employment Policy and the Labor Market., Univer-
sity of California, Berkeley, 1965.

op.cit., p. 332.
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In our view a system newly structured and adapted to what can
now be recognized as a dominantly computer-based pattern of
modern production and service technology, would make a valuable
contribution to the overall stability and growth of the economy.

We thus arrive at the concept of a modernized work/study
program akin to the classical apprenticeship system, but fo-
cused on contemporary technology and providing potential for
growth in the direction most likely to be taken by future tech-
nology. This would provide classroom instruction and practical
experience with advanced equipment and methods, both continued in
parallel over a long enough period to ensure a thorough practical
and adequate theoretical grasp of contemporary technology in the
specific industry for which the trainee is being prepared.

Proposals for Federal Action

Our specific proposal is that Federal and State authorities
should actively support a certain number of middle-level students
and other labor force entrants prepared to commit themselves to
long-term technological training, and that they should initiate
and sponsor the development of educational and training programs,
structured broadly as an apprenticeship system and meeting the
requirements outlined above.

Much of the groundwork for a viable program already exists.
In many areas, especially where there is a high concentration of
industry, there is a close relationship between management of
advanced technological systems and local educational institutions.
The latter could provide classroom and laboratory facilities,
while their staff capabilities would be augmented (as is already
the case in some places) by bringing in local managers and engi-
neers. Ways and means of extending this pattern to less well-
endowed localities should be explored, and here again there is
room for Federal and State action.

In summary, we suggest that consideration should be given to
government support for a modern technological training program of
apprenticeship type, intended to train labor force entrants in
modern computer-based production and control technology as applied
in specific industries, with the long-run objective of providing
a steady supply of highly qualified operating and maintenance
personnel for new processes.
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9.4 Full Employment Policy, Aggregate Demand and the "Labor-

Static" Hypothesis

In the previous report we demonstrated that demand for labor
was becoming increasingly inelastic with respect to demand for
the product or service. This was done by projecting future man-
power requirements for four processes studied (in banking and
steel making). All four showed signs' of entering, or having
already entered, a phase of technological development we des-
cribed as "laborstatic," in which the manpower required by a
process or industry would remain constant, despite change in
demand for the product within the economically plausible range.
We considered this state to have been entered when increases in
labor productivity, achieved by continuous small technical improve-
ments, sufficed to offset normal increases in demand for product,
permitting increased demand to be met with a constant labor force.
It was suggested that this situation is associated with near-
total elimination of direct human participation in the production
process itself. An earlier discussion by Crossman cited aggre-
gate data from selected industries as prima facie evidence for
this hypothesis."

Short and Long-Term Laborstaticity

On studying further technology types and examining aggregate
production/employment statistics, we have subsequently found it
necessary to draw a distinction between two types of laborstati-
city, a short and a long-term form. The above description covers
the long-term form, characterized by constancy of the 5 to 10
year average labor force for an industry or process. In the
short-term form, while the long-term average labor force may show
either an increasing or decreasing trend, employment fails to
respond to fluctuations in demand over a shorter (1 to 3 year)
period. The two types are not mutually exclusive, nor can a
sharp boundary be drawn between them. Both are often, but not
invariably, associated with advanced technology. The present
discussion centers on the short-term form since it appears to
have a more direct bearing on economic policy.

In the second sample of processes presented in this report,
both short and long-term laborstaticity was encountered again,
most markedly in electricity generation and oil refining. The
sample also included one case (air separation) where the labor
force was not only constant despite changes in demand, but also
nearly non-existent. This appears to deserve recognition as a
further distinct pattern of manpower demand (or non-demand)

'E.R.F.W. Crossman, Automation, Skill and Manpower Predictions,
Seminar on Manpower Policy and Program, U.S. Department of Labor,
Manpower. Administration, 1966
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created by technological advance. Including the normal case of
fully elastic labor demand, we therefore recognize three distinct
basic types of technologically-created production/employment
relationships, viz., labor-elastic, laborstatic, and zero-labor.

Both the classical and neo-classical (Keynesian) approaches
to full-employment policy appear to assume that the "normal"
(labor-elastic) relationship holds, and that therefore employment
is fully responsive to demand and can be readily controlled by
way of fiscal and monetary instruments. But if the short- and/or
long-term laborstatic condition comes to replace the labor-elastic
condition over a sufficiently large area of the economy, there
will be a marked decrease in the responsiveness of employment to
short-run changes in demand, whether the latter are induced
deliberately or by spontaneous economic forces. If and when this
comes about, we must anticipate that certain hitherto reliable
policy instruments will break down, and unanticipated difficulty
will be encountered in stabilizing employment at desired near-full
levels despite high levels of aggregate demand. On the positive
side, however, a spreading laborstatic condition might be expected
to reduce the severity of the business cycle* and largely remove
the need for fast corrective action to stabilize demand. Current
evidence examined below suggests that up to 40% of the labor force
may already be employed in partially or wholly laborstatic organi-
zations, so that discussion of such policy implications is far from
a purely academic exercise.

The following section gives details of measurement methods,
discusses the policy implications of this technologically-created
change in the dynamic behavior of the economy labor market, and
suggests a field for further study of manpower problems in relation
to technology and general economic and business policy.

T 'es of PrOduction/Em lo ment Relationshi Definition o

Laborstaticity

Despite numerous technical discussions of labor-input produc-
tion functions contained in the literature, the quantitative
impact of changing technology on the production/employment relation-
ship seems hitherto to have attracted rather little interest among
economists and policy analysts. Yet technology is certainly the
major determinant of the link between output of production and
demand for labor. Its changing status in given industries at
different periods might be expected to induce economically signi-
ficant changes in their dynamic response to market forces. Lacking
a satisfactory literature. reference, we now present the outline of
a quantitative analysis to facilitate interpretation of our
current data.

It is possible that the recent (since 1958-60) reduction in
severity of cyclic fluctuations may have been at least partly due
to this structural change in the economy.
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Without going into undue technical detail, it seems reasonable
to represent employment in a given industry or sector of the
economy as a linear function of production:

where

E= aP +h (1)

E = aggregate employment in a process or industry in manhours
per unit time.

P = aggregate production of that process or industry in
product per unit time.

a = its marginal labor requirement in manhours per unit
product.

b = its basal labor requirement in manhours per unit time.

This equation, the inverse of a production function, will validly
model the behavior of a given industry or sector only (a) during
some definite relatively short (< 10 years) period; and (b) within
a moderate range of variation about a mean production-rate P. .

The values of\the parameters a and b depend on several
physical and structural factors, technology being prominent among
them. In what follows we discuss effects due to technology,but
we do not intend to imply that this is the only important influence.
We proceed to define three basic and one transitional production/
employment relationship created by advancing technology.

(i) Full labor-elasticity

In manufacturing and service technology of the classical
type, where nearly all the operations performed require direct
human manipulation or control, and relatively little labor is re-
quired to maintain plant and systems, the total marginal labor-
requirement aP will be much larger than the basal component b .

The marginal (incremental) labor demand per unit product AE/AP
is then equal to a and will also be nearly equal to the average
labor demand per unit product E/P (itself equal to a). Hence,
expressing the marginal elasticity in dimensionless form as a
coefficient of relative elasticity e , where

e = AE/E / AP/P , (2)

we infer that, in the case of full elasticity,

e(= a/a) = 1 , (aP >> b) .
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(ii) Full laborstaticity

The result of high-level mechanization, as seen in our case-
studies, sometimes termed automation but better regarded as partial
automation, is to diminish the fraction of labor devoted to direct
manipulation and control of in-process material, and increase the
fraction devoted to maintaining the plant as a whole and its
component systems. While the work force may still be classified
as "direct production labor," it actually has no immediate physi-
cal or mental involvement in production, and its continuous presence
is not required to maintain output. Thus the parameter a is

diminished and b increased. In the limiting case when the
marginal component of employment aP becomes much smaller than

oasal component b we have the fully laborstatic case

c(= 0/b) = 0 , (a13 << b) . (4)

The average labor requirement E is then equal to b , and the
actual (instantaneous) level of employment E is also equal to
b , and independent of product volume P .

(iii) Intermediate elasticity

At an intermediate stage, for instance when aP = b and
therefore E = 2b , we have

E(= a . b/a / 2b) = 0.5 , = b) . (5)

Interpolating between these three cases we predict that the
coefficient of relative labor elasticity e should diminish
from unity through fractional values to zero as technology ad-
vances toward full mechanization.

(iv) The zero-labor case

Full automation (in the strict sense) implies that indirect
process-related work functions are also taken over by machines.
In the ultimate case,exemplified by the new air separation process
described in Chapter 6,both a and b have very small values,and
the coefficient of elasticity cannot then be defined. This case
is distinguished from that of partial automation (full labor-
staticity) by a very low level of mean employment E , and we have
termed it the zero-labor condition, where

E(= 0/0) is undefined , (a = b = 0) (6)
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Technology and Diminution of Labor - Elasticity

The progressive impact of technology advance on the elasti-
city of labor requirements in the sample of processes studied is
summarized in Table 9.1. It will be seen that while in three
cases out of nine there was no change, in five cases the pro-
duction/employment relationship became more laborstatic, and in
one it went from laborstatic to zero-labor. As demonstrated by
our data, the average trend with advancing technology is there-
fore for processes to progress from elastic to laborstatic to
zero-labor conditions.

Further direct analysis of aggregate produRtion/employment
statistics for these and other whole industries- corroborates the
above conclusion based on theoretical and case-study approaches.
We have examined production and employment series for various
industriesAs summarized in a recent report of the Bureau of Labor
Statistics "', for evidence of laborstaticity in the period 1957-
1963. High and low production years were selected for each in-
dustry and an estimate g of the dimensionless coefficient of
labor-elasticity e was formed using Equation (2) in the discrete
form

where

(E
1

- E
2

) (P
1

+ P
2

)

(P1 - P2) 17771T2 r

El , E2 = employment in two selected years

P1 , P2 = production in the same two years .

(7)

As shown above, this index would ideally take the value 1 for a

fully labor-elastic industry, 0 for a fully laborstatic one, and
intermediate value:, in transitional cases. In the zero-labor case
it will be undefined and in addition E would then be very small,
but this case is not encountered in aggregate statistics. Results
are presented in Table 9.2 and Figure 9.1.

Due to sampling error, a few values of g greater than 1
and less than 0 were encountered, but in general the results
agreed with our expectations based on descriptions of the tech-
nology of the industries in question as given in the report cited.
The overall distribution of laborstaticity was as follows (see
Table 9.2). Out of a total labor force of 13e5 million employed

J.

presented in Appendix H.

Technological Trends in MaiOr American Industries, Bulletin
#1474, U.S. Department of Labor, Bureau of. Labor Statistics, 1966.
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TABLE 9.2: EMPLOYMENT AND LABOR-ELASTICITY OF VARIOUS INDUSTRIES
AND SERVICE GROUPINGS, U,S,A 1957-1963

Average Employment
Fully Labor-Elastic (e > 0,75) (Thousands)

Copper Oro Mining (SIC 102)
Concrete, Gypsum and Plastic Products (SIC 327)
Electrical Machinery, Equipment and Supplies (SIC 36)
Motor Vehicles and Equipment (SIC 371)

High - Elasticity Intermediate (0.74 x a > 0.50)

28
150

1,325

675
. 2,178

Bituminous Coal Mining (SIC 12) 205

Crude Petroleum and Natural Gas (SIC 13) 330

Lumber and Wood Products (except Furniture) (SIC 24) 650
Iron and Steel Foundries (SIC 332, 336) 202

Non-Ferrous Foundries (SIC 332, 336) 64
Primary Aluminum (SIC 3334, 3352) 67

Air Transportation (SIC 452) 175
Banking (SIC 60) 715

2,408

Low-Elasticity Intermediate (0,49 > e > 0,25)

Apparel (SIC 23) 1,203

Printing and Publishing (SIC 27) 925

Synthetic Materials and Plastic Products
(SIC 282, 3079) 165

Tires and Inner Tubes (SIC 301) 90
Footwear (except Rubber) (SIC 314) 230
Motor Freight (SIC 42) 810

3,423

Laborstatic (e 5 0.24)

Hydraulic Cement (SIC 324) 42

Iron and Steel Industry (SIC 331) 600
Instruments and Related Products (SIC 38) 335
Meat Products (SIC 201) 320

Oairy Products (SIC 202) 328
Flour and Other Grain Mill Products (SIC 2041) 25

Bakery Products (SIC 2051, 2052) 300
Malt Liquors (SIC 2082) 70
Tobacco Products (SIC 211, 212, 213) 40
Cigar Industry (SIC 212) 25

Textile Mill Products (SIC 22) 863

Pulp, Paper and Board (SIC 261, 262, 263, 266) 230

Petroleum Refining (SIC 291) 120

Railroads (SIC 401) 700

Water Transportation (SIC 44) 230
Telephone Communication (SIC 481) 680

Electric Power and Gas (SIC 491, 492, 493) 570

Groupings for Which ; Could Not Be Found

Contract Construction (SIC 15, 16, 17) 2,900

Furniture and Flxturet (SIC 25) 370
Glass Containers (SIC 3221) 60

Aerospace (SIC 372, 192) 780
Wholesale and Retail Trade (SIC SO, 52-59) 11,800

Insurance Carriers (SIC 63) 870

Federal Government (SIC 91) 2,300

Summary

Employment
Percent of

Measurable Total

Elastic 2,178 16,0%
High-Elasticity Intermediate 2,408 18.0%
Low-Elasticity Intermediate 3,423 25,0%
Laborstatic 5,478 41.0%

34%

66%

,,

5,478

19,080

Percent of
Overall Total

6,7%
7.4%
10,5%
16.8%

Total Measurable

Not Measurable.

13,487 100.0% 41.4%

19,080 58.6%

Overall Total 35,567 100,0%
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in industries for which e could be estimated" 41% of the total
was found to be employed in laborstatic industries (e < 0.25),
43% in transitional ones (0.25 < e < 0.75), while only 16% was in
fully labor-elastic industry (i > 0.75). While these estimates
cannot be taken as definitive without more elaborate statistical
treatment, and though they cover only a fraction of the total
labor force, they certainly point to the existence of a sizeable
laborstatic sector in the contemporary economy.

The association of laborstaticity with advanced technology
was confirmed on a small-sample basis by the correct identifi-
cation of several of our sample processes with industries having
corresponding aggregate employment/output relationships (see
Table 9.3).

Implications of Laborstaticity for Full-Employment Policy

The main implications of the above results for manpower
policy derive from the selective (nonuniform) incidence of labor-
staticity by type of industry and service. Generally speaking
basic nondurable consumer goods and bulk raw-material manufacturing
industries, together with highly organized transportation and
communication services, appear to have become, or to be in the
process of becoming, laborstatic, while capital goods and consumer-
durable industries remain elastic. Mining and other natural re-
sources exploiting industries,such as Lumber and Wood Products,
also retain some elasticity. There are certain anomalous cases,
such as the Instrument industry which appears to be almost labor-
static but probably for other than directly technological reasons;
in this case we surmise that the condition is probably due to the
industry's manpower policy, viz., the deliberate preservation of
skilled research, design and development teams despite fluctuating
levels of demand.

This uneven distribution of laborstaticity across industries
indicates a need to consider the precise pattern,as well as the
absolute level of demand,created by aggregate economic policies
aimed at promoting and/or maintaining full employment. If for
instance a given increment of dem-rid were created in the market
for consumer non-durables and for mass services, this would seem
likely to cause a much smaller increase in overall employment
than a similar increment in the capital goods and/or consumer-
durables market. The same effect may also be expected to operate
in the reverse direction, so that a decline in demand for the
former goods should not reduce employment as much as a similar
fall-off in the latter area. The "multiplier" is also affected.
Since any increase in (primary) demand for'products of labor-
elastic industries will result in some (secondary) demand directed

'Output data were missing or considered invalid in the remainder
Of cases with total employment of 19 million.
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towards laborstatic industries, we might also expect that the
multiplier effect will be attenuated by the trend towards labor-
staticity. Thus no matter where a given change in aggregate
demand has its primary impact, the effect on overall employment
should be less than previously. We infer that the net effect of
laborstaticity is to stabilize the economy at a given level of
employment. This is acceptable if the level in question is ade-
quately high. If not, laborstaticity may make it significantly
more difficult to remedy the situation by the use of orthodox
fiscal and monetary policies. In the latter case, the present
analysis points to the capital goods and consumer durables sectors
as providing the best employment response to a given increment of
aggregate demand.

The present* manpower situation seems particularly vulnerable
to employment problems created by switching demand from labor-
elastic to laborstatic areas of the economy. The critical incre-
ment of aggregate demand needed to approach full employment was
apparently generated in the period 1964-1966 by increased defense
spending for military procurement, overseas military aid, and the
space program. As illustrated by Figure 9.2, showing annual
employment by sector 1947-67, there was a marked stepwise increase
in employment in manufacturing industry at this time, presumably
associated with the increase in demand for military and space
equipment. The industries concerned almost certainly use labor-
elastic technology. While we cannot currently present adequate
data to prove the point, it therefore seems likely that much
recently generated manpower demand is concentrated in labor-elastic
rather than laborstatic industries and organizations.

In the absence of deliberate preventive policies, any cutback
in this particular component of aggregate demand, such as will be
caused by ending the Vietnam involvement and/or phasing out the
space program, may be expected to cause an immediate reduction in
aggregate employment, which would not occur were the demand in
question concentrated in laborstatic sectors. In order to main-
tain the employment status quo, it will be necessary for the
resulting deficit in aggregate demand, produced by the postulated
cutbacks, to be made good by creating fresh demand in equally labor-
elastic sectors of the economy.

Our present data indicate that the main manufacturing industries
in this category are consumer durables and capital goods producers.
Th, latter market is already active and may well be incapable of
the necessary expansion within limits of potential private invest-
ment spending, while the former would require a relatively large
further increase in private consumption to absorb labor in the
amount likely to become available. Therefore it seems advisable
to give urgent attention to examining possibilities of generating
the required demand in other labor-elastic sectors. Analysis of

early 1969.
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the role of manpower and technology in various alternative sectors
suggests that the most plausible candidates are health care,
education, social welfare, and other low-technology personal
services. However, as is well known, these occupations impose
minimum standards well above the qualifications possessed by the
segment of the labor force likely to be released by the cutbacks,
so this option in turn raises a structural problem in maintaining
full employment.

Need for Further Data on Labor-Elasticity and Laborstaticity

We do not consider it appropriate to analyze further specific
full-employment policy options that might be selected in response
to projected defense and space cutbacks in the present report, and
the main purpose of carrying the discussion thus far has been to
indicate the necessity of taking the onset of laborstaticity and
loss of labor-elasticity into account when examining proposed
adjustments and projecting the likely employment impact of changes
in demand distribution.

It should be pointed out that while related to it, labor-
staticity is by no means the same thing as high average producti-
vity,and we are not simply reiterating the often propounded and
eminently false proposition that increases in average productivity
automatically cause unemployment. We claim instead that marginal
productivity has (in some industries) risen much faster than
average productivity, reaching a value which is effectively infi-
nite when short-period fluctuations are considered. This affects
short-run adjustment mechanisms rather than creating a long-run
employment deficit.

There is an immediate need for better-controlled and more
fully documented analyses of these short-run production/employment
relationships in various industries and services. Labor-elasticity
(with respect to demand and/or production) should be examined on
a response-lag basis to obtain insight into the time-dynamics of
the process on a more adequately quantitative basis than we have
been able to develop in the present contribution. This could
readily be done using available aggregate time-series with modern
statistical and computational tools, particularly spectral methods .

Interpretations of the results in terms of changing indus-
trial and service technology, while not essential to permit use
of elasticity data for purposes of manpower planning, forecasting,
and policy formation, would contribute greatly to understanding
of the underlying trends and would permit more confident extra-
polation of current trends into the remoter future, should this
be deemed desirable. Quite apart from statistical study, it would
also seem profitable to conduct further sample surveys of the impact

*Such as those developed by G.W. Granger, and. W. Hatanaka, Spectral
Analysis of Economic Timeseries. Princeton, 1964.
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of technology and organization on the production/employment re-
lationship on a case-study basis, to provide early warning of
future changes, particularly in the less highly organized sectors
of the economy.

In summary, we conclude from our case-study data, together with
examination of aggregate production/employment series for the
relevant and other industries, that technological advances dis-
placing labor from direct production roles in many types of
manufacturing and service processes tend to create, and to a large
extent already have created, a "laborstatic" sector of the economy.
This is characterized primarily by short-term, but also sometimes
by long-term, unresponsiveness of employment to changing demand
for the product or service. To date laborstaticity is mainly
characteristic of industries producing consumer nondurables, bulk
raw materials, and power; and those providing mass services,.such
as transportation and communication. This development renders
it essential to consider the specific distribution of projected
changes in aggregate demand, whether produced by market forces
or actively generated by fiscal or monetary policy; and to be
highly selective in formulating policies aimed at the maintenance
of full employment. Considerably more complete analysis of
existing data, and investigation of underlying technological and
other factors causing laborstaticity, is required to permit con-
fident inference as to the manpower consequences of specific
policy options affecting aggregate demand.
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INDIRECT LABOR SKILL REQUIREMENTS FOR

CHECK PROCESSING AND ACCOUNT POSTING; IN A MULTI-BRANCH BANK
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A-1

1. SELECTION, TRAINING, AND CLASSIFICATION OF MAINTENANCE PERSONNEL

Selection, training, and classification procedures for bank
mechanics are quite different from those used for other employees
of Firm A. This is mainly due to there being an obvious limit to
the potential advancement of a mechanically skilled person in a
bank where the primary skills relate to financial and accounting
matters.

Applicants for jobs in the Mechanical Department are selected
partly on the basis of a formal paper and pencil Lest. Successful
applicants are classified as Trainee Mechanics for a maximum period
of two years The length of the actual training period, which
includes study of instruction books, is determined by the super-
visor and is usually less than the maximum, After the trainee
has become familiar with either business machines or typewriters
and miscellaneous equipment, he is advanced to a Mechanic position.

As regards job evaluation, Bank A's plan is designed for the
usual kind of banking jobs and is not suitable for evaluating
Mechanical Department personnel. There is no alternative scheme,
rates of pay being set by reference to comparable jobs elsewhere in
industry.

The Computer Manufacturer's Field Representatives are expected
to have a high school education and to have undergone electronics
training in a military or private school prior to engagement; the
manufacturer provides an intensive six month training course which
includes both class and on-the-job work. Field Representatives
are classified into six grades, the length and amount of experience
being the prime determinants of job grade assignment. Of the four
Representatives at the EDP Center studied, two were in the lower
grade (1-2 years experience) and two in the highest grade (about
12 years experience).

223



2. METHOD OF DERIVING MANHOUR INPUTS OF MAINTENANCE PERSONNEL

Unlike the computer manufacturer's Field Representatives
who are permanently assigned to the bank's EDP installations,
the bank's own mechanics pay flying visits to individual branch
offices from localities central to one of several areas in the
state.

Derivation of manhours for the Field Representatives was a

simple matter of ascertaining the number of Representatives at
the EDP Center where they work on an 8-hour shift basis.

A somewhat more involved procedure was necessary for deter-
mining the manhours of the bank's mechanics. The main source of
data for this are job cards on which each mechanic enters the
following information for each job: locations of branch office
where repair was made, travel time to and from branch or EDP
Center, time spent making repair, type of machine repaired,
type of maintenance performed (preventative, emergency, over-
haul).

Manhours for supervision were determined by direct obser-
vation and discussions with management.
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A-3

3. DETAILED BREAKDOWN OF MAINTENANCE REQUIREMENTS

Table A-1 on the following page is a detailed breakdown of the
labor requirements for the manual technology level (TL1) and the
computerized technology level (TL2). In addition to the EDP-linked
branch (BM) used as a data base for both direct and indirect labor
several other EDP attached branches were examined and compared. These
are designated as DW, HV, and UW. All labor at branch offices con-
sists of the bank's own mechanics. The bank's Mechanical section
personnel and the manufacturer's Field Representative, both of whom
are required at an EDP Center, are listed separately.

The yearly manhour requirements were determined by the methodology
explained in the preceding section. The manhours per 1000 item data,
shown in the right half of the table, were derived by applying the
manhour-per-year data to the volumes in the bottom row.
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4. RAW DATA USED FOR DETERMINING MANHOUR AND SKILL REQUIREMENTS

These data are tabulated under the title of each system or sub-
system, with the volume of product processed in parentheses. The
following notes explain the meaning of each column in the tables.

Job Code: The codes are internal codes, assigned to each
job to facilitate cross-referencing. The letter
identifies the firm, the attached figure iden-
tifies technology and the figure separated by
a dash, the job.

Job D.O.T. Number: These six digit numbers are taken from the 1965
edition of the: Dictionary of Occupational Titles.
The matching of D.O.T. Number and job was done
by the researchers on the basis of job des-
cription and their own knowledge of the job.

Official titles assigned to the jobs by the
firm.

Job Title:

Skill Level:

Manhours:

Volumes:

Total skill factor points derived from the job
evaluation scheme operative within the firm.

Determined by use of methodology presented in
Section 2 of this Appendix.

Figures are:
Al - average of 5 months' recorded volume.
A2 (EDP-linked Branch)- average of 12 months'

volume.
A2 (EDP Center) - average of several days typical
volume extracted by manager from records.

-at tit2Str;
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Job Job
Code D.O.T. No.

eW *her, .n4

MAINTENANCE

Job Title

TrMAIIITA

Skill Manhours
Level Per Year

Al HAND PROCESSING

Year)

156

per Year

156

177/

5.00

81.75

18.00

231.50

Non - linked. Branch '(Volume: 480,000 Items per

Mechanic(Typewriter or
Al-lm 633.281

Misc. Equip.) -.A
Mechanic(Business Machines)

Al -2m 633.281
- E

A2. COMPUTERIZED PROCESSING

E.D.P.-linked Branch (Volume: 3,120,000 Items

Methanc(Typewriter &
A2 -lm 633.281

Misc. Equip.) - A

A2-3m 633.281
Mechanic(Business Machines)

.-: E

Electronic Data Processing Center (Volume: 91,000,000 Items per Year)

A2-2m 633.281
Mechanic(Typewrite &r

Misc. Equip.) - A
156 4.75

A2-4m 633.281
Mechanic(Business Machines)
- E

101.75

A2-5m 828.281 Field.Representative I 177 2080.00
A2-6m 828.281 Field Representative I 214 2080.00
A2-7m 829.281 Field Representative VI 469 4160.00



SUPERVISION
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Job Job Skill Manhours
Code D.O.T. No. Job Title Level Per Week

Al HAND PROCESSING

Non-linked Branch (Volume: 9,230 Items per Week)

Al-ls 186.168 Chief Clerk "B"

A2 COMPUTERIZED PROCESSING

187

E.D.P.-linked Branch (Volume: 60,000 Items per Week)

A2-1s 186.168

A2-4s 186.168

Assistant Operations
Officer:
Operations Officer

177 48

258 42

Electronic Data Processing Center (Volume: 1,750,000 Items per Week)

A2-2s 169.168

A2-3s 169.168

A2-5s 169.168

Assistant Manager'
(Swing Shift)

AsSistant Manager
(Njght Shift)

Manager

243 40

258 40

358 40
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1. PRODUCTION PLANNING

Description of Order Processing System

The activities and procedures involved in processing an order
for sheets or coils of finished steel include five main stages:

1) Order Entry: for each new order, determination is made
whether or not the steel specifications can be met with
the existing technology. If the steel can be produced,
the order is accepted and an anticipated delivery date
is relayed to the customer. The particular raw steel to
be used and the sequence of processes it will undergo are
determined.

2) Steel Providing: If the required raw steel is not in in-
ventory, it is requisitioned from the Hot Mill source and
subsequently transported to the plant where it is placed
in inventory. Records are initiated to identify the order
to which the steel is to be applied.

3) Production Scheduling: The raw steel is scheduled through
the mill by specifying when it will be produced. Tests
are taken from each process utilized to ensure quality.

4) Warehousing: The finished steel is received and placed
in designated locations in the warehouse.

Shipping: Dispatching of the coils scheduled and controlled.
Customers are billed for the product.

5)
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2. MAINTENANCE

a. Sources of Data and Treatment

On every shift a member of the assigned maintenance crew logs
his time on a job card. On it he records the production lines ser-
viced during the shift and the number of hours worked on each of
these lines as well as his badge number. Each member of the central
maintenance, crew also logs his time on a job card. However, all
central maintenance work is requisitioned through job orders, so
that job order numbers and hours worked on each during the shift
are recorded on the job cards(rather than production lines) along
with the employee's badge number.

Job cards, however, were but two of the five sources of data
which were drawn upon for the construction of skill profiles
consistent with those for direct labor*:

a) The numbers of all job orders relating to each of the an-
nealing lines (1)

b) Job cards for all assigned-maintenance activities (2)

c) Job cards for central maintenance job orders (3)

d) The craft at which each person is employed (4)

e) The skill ratings associated with each craft, derived
from established job evaluations (5)

The information from two of these sources (a) and (d), is main-
tained by the firm on magnetic tape and was subsequently converted
to IBM cards. The information for the others was transcribed from
thousands of job cards, and punch coded onto IBM cards. A computer
program was written to make successive comparisons of data from each
source to arrive at the hours spent by each maintenance skill-level
on each of the annealing lines. The comparisons made are shown
by the arrows in Figure B-1 for assigned maintenance. Information
required for skill profiles is circled.

After all records had been processed by the computer, all hours
spent on each annealing line were identified by the skill of the em-
ployee who contributed them. A similar procedure was followed for
central maintenance,as can be seen from Figure B-2.

Digits in parentheses refer to diagrams in Figs. B-2
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FIGURE B-1: ASSIGNED MAINTENANCE DATA SOURCE INTEGRATION

Data Source

2 4

Type of Annealing Process
(Batch or Continuous)

(Hours Worked)

Employee Badge No. -K w-Employee Badge No.

Crafter w-Craft

FIGURE B-2: CENTRAL MAINTENANCE DATA SOURCE INTEGRATION

Data Source

Type of Annealing Line
(Batch or Continuous)

ob Order Nor4

3 4 5

Job Order No.

(}lours Worked)

Employee Badge No ro--w-Employee Badge No.

Craft w-Craft

CST! ITTEraTirTO
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b. Method of Deriving Skill Level Values from Steel Industry Job

Evaluation Scheme

The identical job evaluation plan is used for both maintenance
crafts and direct labor, so that a combined skill profile can readily
be constructed.

Agreement on a common job evaluation scheme was reached between
the steel industry and the United Steelworkers during the war years
and all jobs on all processes throughout the industry have since
been assessed on the basis of twelve factors:

PRE-EMPLOYMENT TRAINING

EMPLOYMENT TRAINING AND EXPERIENCE

MENTAL SKILL

MANUAL SKILL

Responsibility for Material

Responsibility for Tools and Equipment

Responsibility for Operations

Responsibility for Safety of Others

Mental Effort

Physical Effort

Surroundings

Hazards

The firSt four factors were used to derive skill "scores" for
all jobs on the annealing processes at bOth technological levels.

Pre-Employment Training is defined as "the mentality required to absorb
training and exercise judgement for the satisfactory performance of
the job." Three discrete values are possible within the range 0-1.0.

Employment Training and Experience -- ("Minition: "Time required
to learn how to do the job satisfactorily. This includes time spent
on directly related work and on the specified jobs." Number of dis-
crete values possible: 9, in the range 0-4.0.

Mental Skill -- definition: "Mental ability, job knowledge, judge-
ment, and ingenuity required to visualize, reason through, and plan
the details of a job without recourse to supervision." Number of
discrete values possible: 6, in the range 0-3.5.

Manual Skill is defined as "physical or muscular ability and dexterity
required in performing a given job including the use of tools, machines
and equipment." Number of discrete values possible: 5, in the range
0-2.0.

234
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The range for the employment training and experience factor is
greatest, followed by the mental skill range. These two'faCtors
thus carry most weight when the points are added for any given jobs

.

to yield the total skill "score."

The job classes for all standard jobs, which are those acquired
after completion of all training, are determined by application of
the job evaluation plan. Non-standard jobs, that is jobs at the
apprentice level, intermediate, and starting levels (see discussion
of training in next section) are not included under the job evaluation
plan by the firm. By agreement with the union the classification
and wages for these jobs are established on the basis of the cor-
responding standard job. For example, the Machinist-Starting position
and the Machinist-Intermediate are set at 4 and 2 job grades respec-
tively below the Machinist-Standard job. The schedule of grades for
the Machinist Apprentice is set up to reflect the number of training
periods completed.

Since the firm does not assign points to the non-standard job,
a scheme has been devised which assigns points by applying a per-
centage to the points given to factors 2, 3, and 4 for the corres-
ponding standard job. The percentage depends on the level of the
non-standard job -- that is, the degree to which a person in that
job has progressed toward acquiring the standard classification.
The percentage is not applied to the first factor, pre-employment
training, which is concerned with the mentality to learn. This is
a prerequisite possessed by both the standard and non-standard job
and is required for entry into the apprenticeship program.

The following is an example of the determination of skill points
for the Welder-Intermediate job.

Total skill points for factors 2, 3, 4--
Welder Standard 6.1

Adjustment percentage 0.89

Total skill points for factors 2, 3, 4 --

Welder Intermediate 5.4

Skill points for factor 1--Welder Standard .1.0

Skill points assigned to Welder Intermediate 6.4

The adjustment percentage is determined from the promotional sequence
of jobs leading to the Standard job. Since 9 steps comprise the pro-
gression which consists of 6 apprentice training periods of 6 months
each, a 6 month period as Welder-Starter, a 6 month period as Welder-
Intermediate, and the Standard position, the Intermediate level re-
presents an 8/9 (89%) completion of the requirements for the Standard
job.

As a result of number of periods in the training program, the
Starter period, and the Intermediate period, each .6 month period of
the progression which has been completed accounts for the following
percentage for each craft:
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c. Training Data

B-6

Painter 14.3%

Pipefitter 11.1%

Welder 11.1%

Rigger 11.1%

Millwright 10.0%

Machinist 9.1%

Electrician Wireman 9.1%

Electronic Repairman 9.1%

Instrument Repairman 9.1%

By agreement with the union, the company set up a formal ap-
prenticeship program for most trade and craft jobs. The apprentice-
ship training program consists of a series of 6 month training periods
combining both classroom training and on-the-job experience. The
number of training periods depends on the craft involved. The crafts
performing maintenance on the annealing lines and their respective
number of apprenticeship training periods are:

Painter

Pipefitter 6

Welder 6

Rigger 6

Millwright 7

Machinist 8

Electrician-Wireman 8

Electronic Repairman 8

Instrument. Repairman 8

For all craft jobs the promotional sequence leading to the standard
job consists of the apprenticeship program followed by a 6 month on-
the-job training period as a Starter and ,a 6 month on-the-job training
period at the Intermediate level. Thus the training period required
to become, for instance, an Instrument Repairman,. is 5 years.

d. Skill Profiles for Central and Assigned Maintenance

Tables B-1 and .B-2 and Figures B -3 and B-4 show the manhour-
per-10-ton'contribution of each skill level.
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Organization: Firm C

B-7

TABLE B-1: ASSIGNED MAINTENANCE SKILL DISTRIBUTIONS FOR

BATCH (TL1) AND CONTINUOUS (TL2) ANNEALING PROCESSES

Process: Annealing Product Unit: 10 Tons

Technology (Level 1): Box Annealing

Technology (Level 2): Continuous Annealing

Source of Data: Company Records

Period: September 1966 [Data Acquired - Winter 1966-1967]

l 2 3 4 5 6 7
1

8 91 10 11

Skill

Level

Skill

Point
Range

Manhours Per
10 Tons

Manhours As % of
Total for Each

Technology Level

No. of
Job Types

TL1 TL2 Change TL1 TL2 Change TL1 TL2 Change

N
::4f
.4' E

V.-2,

10.5-11.4

9.5-10.4
8.5- 9.4
7.5- 8.4
6.5- 9.4

5.5- 6.4
4.5- 5.4

3.5- 4.4
2.5- 3.4

1.5- 2.4
0.5- 1.4
0.0- 0.4

0,00
0.00
0.00
0.15
0.25

0.28
0.01

n.00
0.14

0.00
0.06
0.004

0.00
0.00
0.00
0.13
0.20

0.47
0.01

0.00
0.05

0.00
0.10
0.01

0.00
0.00
0.00

- 0.02
- 0.05

+ 0.19
0.00

0.00
- 0.09

0.00
+ 0.04
+ 0.01

0.0
0.0
0.0
16.9
28.1

31.5
1.1

0.0
15.7

0.0
6.7

0.0

0.0
0.0
0.0
13.4
20.6

48.5
.1.0

0.0
5.2

0.0
10.3
1.0

0.0
0.0
0.0

- 3.5
- 7.5

+17.0
- 0.1

0.0
-10.5

o.o

+ 3.6
+ 1.0

0

0

0

1

2

1

i

0

1

0

1

1.

0

0

0

1

2

1

i

0

1

0

1

.1

0

0

0

0

0

0

0

0

0

.0

0

0

f;)

T;

3

Totals 0.89 0.97 + 0.08 100.0 100.0 0.0 8 8 0

Net Manhour Change +9.0%

Mean Skill Level Standard. Deviation

TechnologY (Level 1)

jechnology (Level 2)

Change

5.8

5.7

-1.7%

2.0

2.0
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FIGURE B-3: ASSIGNED MAINTENANCE SKILL PROFILES

BATCH ANNEALING
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TABLE B-2: CENTRAL MAINTENANCE SKILL DISTRIBUTIONS FOR

BATCH (TL1) AND CONTINUOUS (TL2) ANNEALING PROCESSES.

Organization: Firm C

Process: Annealing Product Unit: 10 Tons

Technology (Level 1): Box Annealing

Technology (Level 2): Continuous Annealing

Source of Data: Company Records

Period: September 1966 [Data Acquired - Winter 1966-1967]

1 2 3 4 5 6 7 8 9I 101 11

Skill

Level

Skill

Point
Range

Manhours Per
10 Tons

Manhours As % of
Total for Each
Technology Level

No. of
Job Types.

TL1 TL2 Change TL1 TL2 Change TL1 TL2 Change

N
..7- tr.

. 2
?)c,

N

10.5-11.4
9.5-10.4
8.5- 9.4
7.5- 8.4

6.5- 9.4

5.5- 6.4
4.5_ 5.4

3.5- 4.4
2.5- 3.4

1.5- 2.4
0.5 -.1.4

0.0- 0.4

0.07
0.00

0.14
0.03
0.03

0.o6
0.02

0.01

0.01

0.002
0.02
0.01

0.11
0.00
0.16
0.10
0.07

0.00
0.02

0.02
0.01

0.02
0.00
0.00

+ 0.04
0.00

+ 0.02
+ 0.07
+ 0.04

- 0.06
0.00

+ 0.01
0.00

+ 0.02
- 0.02
- 0.01

17.5
0.0

35.0
7.5
7.5

15.0
5.0

2.5
2.5

0.0
5.0

2.5

21.6
0.0
31.4
19.6
13.7

0.0

3.9

3.9
2.0

3.5

0.0
0.0

+ 4.1
0.0

- 3.6
+12.1
+ 6.2

-15.0

- 1.1

+ 1.4
- 1.5

+ 3.9

- 5.0
- 2.5

1

0

3

5

7

1

3

3

3

2

2

1

1

0

3

7

11

0

4
2

3

0

0

0
0

0

+ 2
+ 4

- 1

- 1

+ 1

- 1

+ 1

- 2
- I

li.)

v
2

13

Totals 0.40 0.51'+ 0.11 100.0 100.0 0.0 31 33 + 2

Net Manhour Change +27.5%

TeChnOlogy (Levet 1)

TeChnoldgy (Level 2)

Change

Mean Skill Level

7.2

8.o

+11.1%

Standard Deviation

2.7

2.2
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FIGURE B-4: CENTRAL MAINTENANCE SKILL PROFILES

BATCH ANNEALING
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3. RAW DATA USED FOR DETERMINING MANHOUR AND SKILL REQUIREMENTS

These data are tabulated under the title of each process, with
the volume of product processed in parentheses. The following notes
explain the meaning of each column in the tables.

Job Code The codes are internal codes, assigned to each
job to facilitate cross-referencing. The letter
identifies the firm, the attached figure iden-
tifies technology and the figure separated by
a dash, the job.

Job D.O.T. Number: These six digit numbers are taken from the 1965
edition of the Dictionary of Occupational Titles.
The matching of D.O.T. Number and job was done
by the researchei..s on the basis of job descrip-
tion and their own knowledge of the job.

Job Title: Official titles assigned to the jobs by the
firm.

Skill Level: Total skill factor points derived from the job
evaluation scheme operative throughout the steel
industry.

Manhours: Determined by use of methodology presented in
Section 2 of this Appendix.

Volumes: Determined by reference to operating specifications
and product dimensions (e.g., speed, firing
time, width of product, etc) and checked with
the firm's Industrial Engineering personnel.
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Job Job

Code D.O.T. No..

AWMM=WPMft.

Job Title
Skill Manhours
Level Per Month

Cl BOX ANNEALING

Electrolytic Cleaning Line (Volume: 8519.6 Tons per Month)

Assigned Maintenance

C1a-2001
Cla-2045

Cla-2041

Cla-2048

Cla-2033
Cla-2011
Cla-2035
Cla-2021

'609.884
699.887
638.884
921.883

599.885

638.281
862.381
812.884
829.281

Laborer
Oiler-Greaser.
Millwright Helper & Trac.
Cr. Operator

Operator - 5 - Std. Oil
Cellar

Millwright
Pipefitter - Standard
Welder - Standard
Electric Wireman - Std.

0.0
1.4

2,8

5.1

6.2
6.6

7.1

8.0

3.0

50.0

112.0

6.5

234.0
98.0
45.0
118.0

Central Maintenance

Cla-4825

Cla-4854

Cla-4017

Cla-4855

Cla-4864

710.884

828.281

638.281

828.281

710.281

Cla-2052 812.884

C1a-4865 710.281

Cla-4804 710.381
Cla-4818 626.381

Cla-4858 828.281

Cla-2078 812.884

Cla-4876 710.281

Cla 2070 600.280

01a-4820 829.281

Cla-4874 710.281

Claj.i849 828.281

Repairman, Helper -
Instrument

Electronic Repairman -
Apprentice (3rd Per.)

Brakes Repairman
Electronic Repairman -
Apprentice (4th Per.)

Instrument Repairman -
Apprentice (5th Per.)

Welder - Apprentice
(6th Period)

Instrument Repairman -
Apprentice (6th Per.)

Scale Inspector
Oxy-acetylene Repairman
Electronic Repairman -
Apprentice (7th Per.)

Welder - Standard
Instrument Repairman -
Starting

Machinist - Starting
Gangleader, Instrument
Repairman

Instrument Repairman
Std.

Electronic Repairman -
Std.

.242

2.5

3.6

4.1

4.4

4.0

2.9

4.0

2.7

4.5 2.8

5.1 8.0

5.4

6.6
6.7

7.1

7.1

7.6

8.5

9.0

3.1

6.5
3.2

2.8

5.0

2.9

46.0

4.5

9.0 40.0

10.5 41.7
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Skill Manhours

Code D.O.T. No. Job Title Level Per Month

Cl BOX ANNEALING (CONT'D)

Box Annealing Process

Assigned Maintenance

Clb-2001 6o9.884
Clb-2045 699.887

Clb-2041
638.884
921.883

Clb-2033 638.281

Clb-2011 862.381

cib-2035 812.884
Clb-2021 829.281

Central Maintenance

Clb-2501 579.887

Clb-2511 852.883

cib-2519 861.887
cib-2004 600.280

Clb-7651 840.781

Clb-4825 710.884

Clb-7916 942.883

Clb-2517 929.883

cm-4854 828.281

Clb-4855 828.281

Cib-4864 710.281

Clb-2052 812.884

Clb-4865 710.281

Clb-7670 84O.78l
Clb-4804' 710.381

Clb-5021 637.281

Clb-5022 637.281

Clb-7970 921.280
Clb-4818 626.381

(Volume: 24,574.0 Tons per Month)

Laborer 0.0
Oiler-Greaser 1.4

Millwright Helper & Trac.
Cr. Operator

2.8

Millwright 6.2

Pipefitter - Standard 6.6
Welder - Standard 7.1

Electric Wireman - Std. 8.0

Laborer 0.0

Operator - Concrete
0.5

Breaker
Bricklayer Helper 1.4

Machinist Helper 1.9

Painter Apprentice
2 .4

(2nd Period)

Instrument Repairman
2.5

Helper
Winch Truck Operator 2.8

Tractor Operator -
2.8

Brickmasons
Electronic Repairman

3.6
Apprentice (3rd Per.)

Electronic Repairman -
4.4

Apprentice (4th Per.)
Instrument Repairman -

4.5
Apprentice (5th Per.)

Welder Apprentice -
5.1

(6th Period)
Instrument Repairman -

5.4
Apprentice (6th Per.

Painter - Standard 5.8
Scale Inspector 6.6

Gangleader --. Air Cond.
6.6

& Refigeration ,
Air Conditioning &

6.6
Refigeration Repairman

Rigger-Standard 6.6

Oxy-Acetylene Repairman 6.7

2.0
1.0

9.0

22.0

151.0
43.0
39.0

24.o

4.o

50.0
2.0

4.0

3.9

1.0

9.0

2.8

2.6

2.7

5.0

3.o

134.4
6.3

3.o

5.o

5.0
3.1
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Job Job

Code D.O.T. No.

Cl BOX ANNEALING (CONT'D)

Box Annealing Process (Cont'd)

Central Maintenance (Cont'd)

Job Title
Skill

Level

Mahhours
Per Month

Electronic Repairman -
Clb-4858 828.281 7.1 2.7Apprentice (7th Per.)
Clb-2078 812.884 Welder - Standard 7.1 2.0

Clb-4876 710.281
Instrument Repairman -

7.6 2.8
Starting

C113,7316 860.281 Gangleader - Carpenter 7.9 4.0

Clb-7370 860.281 Carpenter - Standard 7.9 9.0
Clb -2570 861.381 Bricklayer - Standard 7.9 52.0

c113-4070 824.281 Electric Wireman - Std. 8.0 3.0

Clb-2070 600.280 Machinist - .Standard 8.5 62.0

Gangleader - instrument
Clb-4820 829.281 9.0 44

Repairman
Instrument Repairman -

Clb-4874 710.281 9.0 38.2
Standard

Electronic Repairman -
Clb-4849 828.281 10.5 40.2

Standard.

C2 CONTINUOUS ANNEALING (Volume: 20,365.7 Tons Per Month)

Assigned Maintenance

C2-2001 609.884 Laborer 0.0 30.0

C2-2045 699.887 Oiler-Greaser 1.4 150.5
638.884 Millwright Helrar & Trac.

C2-2041 2.8 111.0
921.883 Cr. Operator

Operator - 5 - Std. Oil
C2-2048 599.885

Cellar
5.1 11.0

C2-2033 638.281 Millwright 6.2 956.8
C2-2011 862.381 Pipefitter - Standard 6.6 275.8
C2 -2035 812.884 Welder - Standard 7.1 125.0

C2-2021 829.281 Electric Wireman - Std. 8.0 265.0

Central Maintenance

C2-4250 824.281

02-2004 600.280

02-4051 824.281

C2-4825 710.884

Electric Wireman -
ApPrentiCe. (1st Per.

Machinist Helper
Etectric Wireman -
Apprentide (2nd Per.

Instrument Repairman -
Helper
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Job Job
Code D.O.T. No. Job Title

B-15

Skill Manhours
Level Per Month

C2 CONTINUOUS ANNEALING (CONT'D)

(Cont'd)

Machinist - Apprentice
(3rd Period)

Pipefitter - Appren-
tice (4th Period)

Electronic Repairman -
Apprentice (3rd Per.)

Extra Craneman
Electronic Repairman -
Apprentice (4th Per.)

Instrument Repairman -
Apprentice (5th Per )

Instrument Repairman -
Apprentice (6th Per.)

Machinist - Apprentice
(8th Period)

Scale Inspector
Pipefitter - Standard
Gangleader - Rigger
Rigger - Standard
Oxy-Acetylene Repairman
Welder - Standard
Electronic Repairman -
Apprentice (7th Per.)

Gangleader - Pipe Shop
Welder - Standard
Welder - Standard
Instrument Repairman -
Starting

Carpenter - Standard
Gangleader - Machinist
Gangleader - Wireman

Electrician
Electric Wireman - Std.
Gangleader, Wireman
Electrician

Wireman Electrician -

ma2A1020- Standard
Instrument Repairman -
Standard

Gangleader - Instrument
Repairman

Electronic Repairman -
Standard

3.0

3.3

3.6

3.6

4.4

4.5

5.4

6.5

6.6
6.6
6.6
6.6

6.7

7.1

7.1

7.1

7.1

7.1

7.6

7.9
8.0

8.0

8.0

8.0

8.0
8.5

9.0

9.0

10.5

3.0

8.o

15.0

2.0

13.8

14.6

15.9

2.0

34.0
31.0
1.0

20.0
16.9
8.0

14.7

2.0
8.0

8.0

15.1

1.0

4.0

4.o

68.0

4.0

104.0

108.0

205.5

23.5

216.5

Central Maintenance

C2 -2055 600.280

C2 -5053 862.381

02-4854 828.281

02-4030 921.280

C2-4855 828.281

02-4864 710.281

C2-4865 710.281

C2-2060 600.280

C2-4804 710.381
C2-5070 862.381
C2-7911 921.280
C2-7970 921.280
C2-4818 626.381
C2-2078 812.884

C2-4858 828.281

C2-5025 862.381
C2-5078 812.884
C2-7978 812.884

C2-4876 710.281

C2-7370 860.281
C2-2026 600.280

C2-4011 829.281

C2-4070 824.281

C2-4211 829.281

C2-4270 829.281
C2-2070 600.280

C2-4874 710.281

C2-4820 829.281

02-4849 828.281
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Job Job Skill Manhours
Code D.O.T. No. Job Title Level Per Shift

Cl BOX ANNEALING

Electrolytic Cleaning Line (Volume: 239.4 Tons Per Shift)

CI-1S 619.130

C1-2S 183.168

Turn Foreman - Cold
Rolling & Cleaning

General Foreman - Cold
Rolling & Cleaning

1.0

0.0

Box Annealing Process (Volume: 800 Tons Per Shift*)

C1-3S 504.131 Turn Foreman - Annealing 8.6w"' 8.0

Assistant General J I.
C1-4S 183.168 10.2"" 0.8

Foreman - Annealing

** o.8
General Foreman -
Annealing

10.2C1-5S 183.168

C2 CONTINUOUS ANNEALING (Volume: 325.2 Tons Per Shift)

C2-1S 504.131

C2-2S 183.168

C2 -3s 183.168

Cl BOX' ANNEALING

Turn Foreman - Annealing
Assistant General

Foreman - Annealing
General Foreman -
Annealing

8.6** 8.0

1.2*

10.2** 1.2*

Electrolytic Cleaning Line (Volume: 239.4 Tons Per Shift)

Mill Clerk - Cold
Cl-lp 221.388 2.3 0.25***

Reduction (1/dayPIhr)

Scheduler - Cold
C1-2p 012.188 3.3

** ***
0.25

Reduction (1/dayPIhr)

Calculated on the basis of 20 shifts per week
**

Estimated by Researchers
***

Based on 5 days per week and 20 shifts per week
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Job Job Skill Manhours
Code D 0 T No. Job Title Level Per Shift

Cl BOX ANNEALING (CONT'D)

Box Annealing Process (Volume: 800 Tons Per Shift)

C1-3p

C1-4p

C2

221.388

012.188

Mill Clerk - Cold
2.3* *

Reduction (1/da#4hr0
Scheduler - Box Annealing

3.3
**

(1/dayAhr0

CONTINUOUS ANNEALING (Volume: 325.2 Tons Per Shift)

0.25

1.0

Mill Clerk - Cold
C2-lp 221.388 2.3** 1.50***Reduction (i/da#6Hrs)

C2-2p 012.188
Scheduler - Annealing 3.3 2.00**

(1/dayP8hrs)

*
Estimated by Researchers

*
Based on 5 days per week and 20 shifts per week
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POWER PRODUCTION BY STEAM-ELECTRIC PROCESS
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C-1

1. OUTLINE OF TECHNOLOGY

Power plant operations can best be understood in terms of three
flow circuits (see Figure C-1). In the first circuit fuel (oil and/or
natural gas in the plants discussed in this report) is mixed with air,
combustion of the mixture taking place in a furnace. Combustion heats
up the steam conde sate in the boiler, tubes;passing through the fur-
nace (see main circuit) and the high temperature, high pressure steam
generated in this process supplies the energy for the propulsion of
the turbine activating the generator shaft. Having given up the best
part of its energy, the steam travels to the condenser from which it
emerges as condensate. Condensation is effected through exposing
the spent steam to the cooling action of river, ocean or lake water
(circuit at bottom of diagram). Before entering the furnace, the con-
densate is normally pre-heated.

What lends the critical element to the operation of relative
simple equipment is the requirement for rapid response to continual
and at, times very large changes in demand. It is this requirement
which calls for a consistently high standard of control and regulation.
The following description of the impact of changes in demand on tlie
operating equipment may help to convey a notion of the potential con-
sequences of sub-standard control.

Any increase in energy requirements reduces the resistance of the
system and a greater current immediately flows through the generator
armature and intermediate circuit. This higher current flow Increases
the magnetic field strength of the armature, thus resisting turning
of the generator rotor. Consequently, there is an immediate drop in
generator and turbine shaft speed. The turbine governor then goes
into action, the turbine steam-admission valves begin to open and more
steam flows into the turbine. However, because energy input to the
furnace has not changed, the steam pressure begins to drop.

Pressure reduction signals the operatcr or the automatic combus-
tion-control system to speed up the various draft fans and the fuel
feed system. The increased heat release in the furnace checks the
rate of pressure drop, and the governor reaches a balance point to
hold the higher load at a speed slightly less than normal. Adjustment
of the governor spring tension opens the throttle valve a little more,
thus increasing steam flow and bringing shaft speed back to normal. As
pressure nears its set value firing eases off, overshooting slightly
to restore balanced conditions more rapidly. The total time for the
changes listed in this and the previous paragraph may be anywhere from
a few seconds to a few minutes, depending on the size of the load
change.

When there is a decrease in energy requirements, the magnetic
forces between the rotor and armature reduce and the rotor speeds
up. The governor then partly closes the steam admission valve, reducing
steam flow and raising steam pressure; in their turn, the draft fan
and fuel flow systems are slowed down. The governor reaches a balance
point where the lower load is held at a slightly higher shaft speed.
The governor spring tension is then adjusted, which closes the throttle
valve further, lowers steam flow, and brings shaft speed back to normal.
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The firing rate then allows pressure to drop to its normal value.

The above description does not include other adjustments that
must be made in the plant cycle; e.g., water levels in the boiler
drum, condenser hotwell and feedwater heaters, furnace pressures,
and pump speeds. Nor does the description adequately capture the
full complexity of the control and regulation process. To do it jus-
tice, an information flow diagram is shown in Figure C-2 which in-
cludes the main components of a supervisory control system in a com-
puterized generating plant.

At scheduled intervals, station units are shut down completely
..r inspection, overhaul, and repair, after which they must go through
a controlled start-up routine which synchronizes them to the bus or
load. As precision of timing, speed and coordination of control ac-
tivities are absolutely vital in the shut down and particularly in
the start-up procedures; the crews are fully extended during these
operations. It is a measure of their critical nature that these op-
erations were the 'first to be transferred from human control to closed
loop computer control when computers were introduced in generating
plants.
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C-5

2. DESCRIPTIONS OF THE PLANTS STUDIED

Plants Jl (Non-Centralized) and J2a (Centralized)

Plant Jl was built in 1949 and until 1954 was non-centralized,
with operators stationed remotely at boiler, turbine, and boiler feed
pump control panels, and at various auxiliary equipment locations.
Centralization of the plant (Study J2a) was effected partly by
Juplicating all remotely located control panels in a central control
room.

The automatic controls in power plant Jl included pneumatic posi-
tioning devices which were actuated by pneumatic controllers mounted
on local control boards situated as close as practicable to the operat-
ing equipment: seven combustion control boards distributed along a
firing aisle serving the seven boilers; four turbine gage boards at
two locations on the turbine deck; four condensate and boiler feed
boards at two different locations in the vicinity of the pumps; and
two circulating water gage boards.

Plant Jl also had a centrally located electrical control room
that contained the electrical switchboards for the main generators,
the switchboard for battery control and direct-current distribution,
and the telephone and oscillograph equipment. This electrical control
room was later extended and remodelled to become the central control
room for the centralized power plant J2a.

.welm.u.seoW,Irmiur

Figure C-3 indicates the control positions before centralization
(Jl). The orientation of the control panels in the centralized plant
(J2a) are shown in Figure C-4. The individual turbine panels in
Figure C-4 contain all essential instruments and controls for the
turbine, the circulating water system, and the condensate and feed
water systems for one unit. Corresponding generator panels are on
the right. The station master-panel includes the master controls
for the seven boilers, motor control switches for common plant facilities,
and appropriate instruments and annunciators. The individual boiler
panels consist of a benchboard console containing controls and super-
visory instruments and a detached vertical panel with recorders,
television receivers for burner and drum-level viewing, and annunciator
panels.

The instruments and controls for the boiler cleaning-lance controls,
fuel-oil pump sequence selectors, generator hydrogen controls and
evaporator controls are not in the centralized control room. This
equipment is operated by three roving Plant Equipment Operators, but
abnormal conditions are annunciated in the central control room.

Several control features were added when the original plant (Jl)
was centralized (J2a); they were so placed as to allow the control
room operator to change from automatic to remote-manual operation.
Television drum-level monitors replaced sight ducts on the boilers.
Television viewing of the six burners on each boiler was also added
to give the control room operator a direct view of the flame pattern
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during operation and of burner behavior during remote ignition or quick
fuel changeover. Changeover from natural gas fuel to oil fuel was
originally accomplished at the local combustion control boards and
by the manipulation of valving et the burner front. With centralized
control remote-controlled devices were provided to allow fuel changes
directly from the central control room.

Automatic bearing temperature scanning systems and temperature
control systems were also added when the plant was centralized. The
bearings of the main turbine-generators, house turbinP-generators,
forced and induced draft fans, boiler feed pumps and condensate booster
pumps can now be monitored. Finally, automatic temperature control
systems replaced manual valving at the lube oil and condensate coolers.

Plant J2b (Centralized)

Was completed in 1957 and is at the same control technology
level as plant J2a. It is worth noting that the main difference
between J2a and J2b is physical size. Plant size determines the number
of roving plant equipment operators, as some instruments and controls
are not in the centralized control room and must be monitored or op-
erated remotely.

The physical layout and size of the J2b centralized control room
is not the same as that of J2a; however, the operation of the J2b
plant is similar to that of the J2a plant.

Plant J3 (Centralized/Computerized)

Built in 1963 and controlled from a central control room, it
utilizes two General Electric 412 digital computers (with 56,000 word
drum and 8000 %Lord core memory) for start-up, shutdown, control and
continuous plarit monitoring.

The start-up and normal shutdown programs are the major computer-
controlled operating sequences. These sequences,once initiated by
the, operator,will stop only when an abnormal condition develops. If

in the operator's judgement corrective action is not required, he
may reinitiate the sequence with an override push button. During
normal operation the plant is controlled by sub-loops and the computer
takes controlling action only if the abnormal conditions arise. All
other programs in the computer are routines which may be in service
any time the computer is supervising operations. During start-up or
shutdown, several routines may be in operation concurrently with the
main programs. In general, routines are called up automatically when
a particular set of conditions exist, and are automatically withdrawn
when the intended action is complete or when the computer instructs
the routines to stop.

Other computer routines aside from the start-up and normal shut-
down program, are as follows:
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1. Emergency shutdown routines (ESD) - initiated by the computer
or by conventional control sub-loop tripping devices after
a full or partial unit trip.

2. Sensing and regulating routines (S & R) - function during
start-up and shutdown to effect regulating action based on
feedback information.

3. Diagnostic and corrective action routines - take corrective
action for off-normal conditions resulting from malfunction
of controls or equipment.

4. Fuel change routines - initiated by operator to change boiler
fuels.

5. Special scanning routines - initiate corrective action for
alarm conditions.

In addition to the above listed routines, the computer system
provides operators with annunciation of off-normal conditions. Also,
plant calculations are made on the basis of information from com-
puter input sensors, and their results are stored for use by other
programs along with other critical plant variables.

Plant Kl (Non-Centralized)

Was built in 1930 and is at the same control technology level
as plant Jl. Kl is a non-centralized system with operators stationed
remotely at boiler, turbine, and boiler feed-pump control panels, and
also, on a roving basis, at various auxiliary equipment locaticns.
Figure C-5 indicates the locations of the control panels.

Plant K2 (Centralized)

Built in i961 and operated from a centralized control room similar
to plants J2a and J2b.

Plant K3 Centralized /Computerized)

Built in 1964 and similar to power plant J3, K3 is controlled
from a centralized control room and utilizes a Westinghouse (Sperry
Rand) PRODAC 510 digital computer, with 65,536 word drum and 8,192
word core memory.

Computer programs in order of descending priority, as defined by
Firm K, are as follows:

1. Diagnostic Programs - highest priority program which prinis

diagnostic messages on the programmer's console.
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2. Alarm Programs - inform operators by audible and/or visual
annunciation of alarm conditions found by the analog or
digital scan programs.

3. Analog Scan Programs - scanned analog voltages are ,converted
to engineering units and stored for later use by other pro-
grams.

Digital Scan and Periodic Programs - stores the scanned status
of some 600 contact inputs for later use by other programs.

5. Control Programs - four programs used specifically for closed
loop computer control of plant operations:

a) Turbine Start-Up Program
b) 3oiler Purge and Gas Cock Program
c) Steam Air Heater Temperature Control Program
d) Valve Point Loading Program

6. Operators' Console Programs - comprise 17 possible programs
for selected computations, calibrations, printout and visual
process reviews, etc. All programs are initiated through
push buttons on the operator's console.

7. Performance Calculations - comprise about 30% of all program
instructions within the computer. Calculated values are
stored for use in Operator's Console Programs, the hour log,
and 24 hour log printout program. Performance indices cal-
culated include heat rates, efficiencies, etc.

8. Off-Line Programs - entered into computer through the pro-
grammer's console but not related to other programs within
the computer. Most programs written are used in conjunction
with unit operation and utilize values stored by other programs.

or7
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"Superheater"
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FIGURE C-6: POWER PLANT J1 - EQUIPMENT; CONTROL
LOCATIONS AND OPERATORS
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Unit Equipment

Boilers

Control Locations*2 and Operators

Steam
*1

N (4 Control Panels,
Generators 1 Panel per Palr

Steam Generators,
Plus I Panel for
7th Steam Generator) ----

15t Boiler Operator

Boller Operator

Turbine

Generator

Turbine
Generator

Unit

E

N (2 Control Panels,
1 Panel per R..ir
Turbine-Generators)

1st Turbine operator

Turbine Operator

Switchboard Switchboard Operator - Steam

Condenser

Circulation Pump

Condensate Pump

Air Ejector Condenser

Hydrogen Cooler

Turbin, Oil Cooler

Booster Pump

Heaters

Evaporation Condenser

Deaerator

Boiler Feed Pump

Heaters

E

N (2 Control Panels,
I Panel per Pair
Turbine-Generators
Auxiliary Equipment)

Ist Auxiliary Operator

2
nd

OperatorDell iary

* )The Plant has Pven Steam Generators feeding into common
heuddr, which in turn feeds four Turhine-Generntors.

Control Locations: E - Pl.mt Equipment Itsell
N - Control 'nnel inEuipmeni Area

(Non-Centralized)
C - Control none] in .Cenrrn1 ".ontrol

Room. (rentr,lized)
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FIGURE C-7: POWER PLANT J2a - EQUIPMENT, CONTROL
LOCATIONS AND OPERATORS
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Unit Equipment Control LocatIons*2 and Operators

Furnaces

Steam
Generators

Boilers

E Plant Equipment Operator

Turbine
Turbine

isenerator E Plant Equipment Operator
Units

Generator

Switchboard.

Condenser

Circulation Pump

Condensate Pump

Air Ejector Condenser

Hydrogen Cooler

Turbine Oil Cooler

Booster Pump

Heaters

Evaporation Condenser

Deaerator

Boiler Feed Pump

Heaters

E. - Plant Equipment Operator

262.

C -

C-11+

Control Operator

Assistant COntrol Operator

Ahe Plant has seven Steam Generators
feeding into common header,.which in
turn feeds four Turbine-Generators.

2Control Locations: E - Flan( Equipment Itself
C - Control Panels in

Central Control Room
(Centralized)
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FIGURE C-8: POWER PLANT J2b - EQUIPMENT, CONTROL
LOCATIONS AND OPERATORS

Simplified Process Flow Diagram
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Steam
Generator

Boiler

E - Plant Equipment Operator

>C
Control Operator

Assistant Control Operator

High Pressure

Intermediate Pressure Turbine

Turbine
Generator

Low Pressure Unit

Generator

E Plant Equipment Operator

Switchboard

Condenser

Main Circulatory Pump

Condensate Pumps

Heaters

Deaerator

Booster Pump

Heaters

Evaporation Condenser

Heaters

Boiler Feed Pump

Heaters

> E - Plant Equipment Operator

Control Locations: E - Plant Equipment Itself; C - Control Panels in Central Control Room (Centralized)
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FIGURE C-9: POWER PLANT J3 - EQUIPMENT, CONTROL
LOCATIONS AND OPERATORS

Simplified Process Flow Diagram
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Control Locations* and Operators

Teettnta.1,'Sz,

Furnace

Steam
Generator

Boiler

E Plat Equipment Operator

High Pressure

Intermediate Pressure Turbine

Turbine
Generator

Low Pressure Unit

Plant Equipment Operator

Generator

Switchboard

Condenser

Operator
>CC -

Main Circulatory Pump Assistant Control Operator

Condensate Pump

Heaters

Air Ejector Condenser

E - Plant Equipment Operator

Heaters

Evaporation Condenser

Heaters

Deaerator

Boiler Feed Pump

Heaters

*Control Lodations: E - Plant Equipment Itself; CC - Control Panels and Computer in Central Control Room
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FIGURE C-10: POWER PLANT K1 - EQUIPMENT, CONTROL
LOCATIONS AND OPERATORS

Simplified Process Flow Diagram
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Unit Equipment

Furnaces

Boilers

Steamll
Generators

E

C -20

Control Locations
*2

and Operators

liP Fireman
N (3 Control Panels,

I for each
Turbine-Generator) ---

High Pressure

Low Pressure

Turbine

}Generator

Turbine
Generator

Unit
Turbine Tender.

N (2 Control Panels,
I for each
Turbine-Generator) --

Switchboard Operator (.witching)

Condenser

Condensate Pump

Steam ,tot Pump

Heater

Evaporator

['caul-][or

ueter%

/e> E - 'rift Helper

E

Oiler

Fireman

PrInart Boiler Feed Pump

Secondary Boiler Feed Pump

Boiler Feedpumpan
N 0 Control Panels,

m

I for each

Turbine-Generator) --

*Ilia Plant utilizes tnree steam Generators, one for each Turbine-Generator and
one Ltandard Steam Senerator which feeds both Turbine- Generators.

2
rontrol ..ocations: E - Plant. Equipment Itself

N Control Panel in Equipment Areu (non-f.entralized)

E - ontrol P,:nel in Central rontrol Poom (Centralized)
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FIGURE C-11: POWER PLANT K2 - EQUIPMENT, CONTROL LOCATIONS AND OPERATORS
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FIGURE C-I2: POWER PLANT K3 - EQUIPMENT, CONTROL LOCATIONS AND OPERATORS

Simplified Process Flow Diagram
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Control Locations
*

and Operators

Furnace

Steam
E

Generator

Boiler

Assistant Control Operator

(Senior Control Operator

High Pressure

Intermediate Pressure Turbine

E

Turbine
Low Pressure

Generator
Unit

Generator

- Assistant Control Operator

Switchboard

Condenser

).gs. -
lControl Operator

Main Circulatory Pump

Condensate Pump

Hydrogen Cooler

Air Ejector Condenser

Operator
E -

Oiler
Booster Pump

Heaters

Evaporation Condenser

Heaters

Boiler Feed Pump

Heaters

.Lontrol Locations: E Plant. Equipment Itself; CC - Control Panels and Computer in Central Control Room
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3. METHOD OF DERIVING SKILL LEVEL VALUES FROM JOB EVALUATION SCHEMES

Electric Utility J

The job evaluat in plan has been in operation for many years
and did not change when control centralization and/or computeriza-
tion was introduced. It is conceived in terms of the following
factors each of which corresponds to a range of "points":

SCHOLASTIC CONTENT

TRAINING AND EXPERIENCE

Planning (Responsibility)

Seriousness of Errors

Hazard to Others

Physical Effort

Working Conditions

Personal Hazards

Irregular Hours

Supervision of Work

Only the first two factors were considered in the present study.

Scholastic content is defined as "a measure of that type of know-
ledge and technical skill which is usually acquired through academ-
ic training. While such knowledge and ability may be learned by
other means than formal schooling, it normally is not learned ad-
vantageously on the job and should be acquired before assignment
to the job requiring such information and training." It carries

point values based on five discrete degrees:

Degree (1) Job requires reading and writing of numbers and or-
dinary sentences such as used on employee forms and
receipts for material. 10 pts

(2) Job requires use of arithmetic such as multipl ica-
tion and division; comprehension of written material
such as instructions for a given work assignment or
of single line drawings or construction sketches;
the interpretation of readings from simple gages
and meters; or knowledge of a similar level. 20 pts

(3) Job requires the use of shop mathematics; interpre-
tation of detailed blueprints and diagrams, or written
instructions covering a complete procedure; or know-
ledge of a similar level. 40 pts

(4) Job requires the use of mathematics such as algebra
or geometry; use of the elementary principles of a

27 3



C-26

basic science such as physics or chemistry at a similar
level; or knowledge of a similar level. 70 pts

(5) Job requires selection of mathematical procedures,
using algebra, geometry, or trigonometry, to solve
varied problems; a knowledge of the applied theory
of a basic science or of engineering practice; the
preparation of detailed written instructions cov-
ering a complete procedure, drafting of equipment
installations and modifications; or knowledge of a
similar level. 110 pts

Training and experience is defined as a measure of the relative level
of training and experience required for the successful execution of a
job. The level is determined by ranking the jobs, considering such
characteristics as the variety and complexity of the problems encountered,
procedures followed, material and tools used, equipment operated or
maintained, and the practical knowledge and skill involved in each
job. After the ranking process, the jobs of a similar level are grouped
and points allocated according to the scale shown below.

Degree: 1, 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Points: 28 56 84 112 140 168 196 224 252 280 308 336 364 392 420

The Scholastic Content and Training and Experience scores allocated
to each job were summed to yield the total skill score used in the
analysis.

Electric Utility K

Electric Utility K does not have a job evaluation scheme. In-

stead all jobs are rated relative to each other in a "line of pro-
gression" based on company "job definitions." To allow a comparison
of the skill profiles of the two electric utilities, the "skill scores"
for all jobs in Electric Utility K were evaluated on the Electric
Utility J Evaluation Plan. This evaluation was done by the researchers
with assistance from Electric Utility K personnel.
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4. RAW DATA USED FOR THE DEVELOPMENT OF SKILL PROFILES

These data are tabulated under the title of each technological
level. The following notes explain the meaning of each column in
the table:

Job Code: The codes are internal codes, assigned to each
job to facilitate cross-referencing. The letter
(J) identifies the utility, the attached figure
identifies the technology and the figure sepa-
rated by a dash, the job.

The letter "a" or "b" attached to technology level
2 differentiates two power plants of different
physical size at the same technology level.

The letter "m" or "s" attached to the job number
indicates respectively a maintenance or super-
visory job.

Job D.O.T. Number: These six digit numbers are taken from the 1965
edition of the Dictionary of Occupational Titles.
The matching of D.O.T. number and job was done
by the researchers on the basis of job descrip-
tions and their own knowledge of the jobs.

Job Title: Official titles assigned to the jobs by the firms.

Skill Level:

Manhours:

Skill factor totals were supplied by Firm J for
all operating and maintenance jobs and are based
on the firm's evaluation plan described in Sec-
tion 3 of this Appendix. This plan was also
used by the researchers to estimate the skill
factor points for supervisory personnel.

All manhours are given per 8 hour shift. As
plant maintenance and supervision work an eight
hour shift five days a week, while the plant
runs continuously for 24 hours a day, the man-
hours for each maintenance man and supervisor
were averaged over 168 hours. For Divisional
Maintenance the 20 to 35 shifts spent on actual
overhaul were prorated over the period from the
start of one overhaul to the start of the next.

Dividing the figures shown by 8 yields manhours
221.2iEaL operating hour. To obtain manhours
ker unit output (106kwhrs) these have to be
further divided by plant capacity in kilowatts
and multiplied by 106.
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.t. V77/DYMIX=M1,%.

OPERATING CREWS

Job Job Skill Manhours

Code D.O.T. No. Job Title Level Per Shift

J2 Non-Centralized Control

nd
J1-1 952.782 2-- Auxiliary Operator 180 16

st
J1-2 952.782 1 Auxiliary Operator 264 16

J1-3 951.885 Boiler Operator 264 16

J1-4 952.782 Turbine Operator 264 8

st
J1-5 951.885 1-- Boiler Operator 292 8

st
J1-6 952.782 1 Turbine Operator 292 8

J1-7 952.782 Switchboard Operator - Steam 406 8

J2a Centralized Control

J2a-1 952.782 Plant Equipment Operator 320 24

J2a-2 952.782 Assistant Control Operator 406 9.9*
J2a-3 952.782 Control Operator 462 8

J2b Centralized Control

J2b-1 952.782 Plant Equipment Operator 320 16

J2b-2 952.782 Assistant Control Operator 406 8

J2b-3 952.782 Control Operator 462 8

Jab Centralized/Computerized Control

J3-1 952.782 Plant Equipment. Operator 320 16
**

J3-2 952.782 Assistant Control Operator 406 8

J3-3 952.782 Control Operator 462 8

This is an average value. There are two A.C.O.'s on daychift Monday through
Friday. At all other times, including evenings and weekends, there is one
A.C.O.
**

In actuality there is only one Plant Equipment Operator assigned to this
plant per shift. A second Plant Equipment Operator divides his time
between this plant and a second adjacent plant. If this time-sharing poSsi-

bility did not exist, two Plant Equipment Operators would be required
per shift.
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OPERATING CREWS
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Job
Code

Job

D.O.T. No. Job Title
Skill

Level

Manhours
Per Shift

Kl Non-Centralized Control

96
180

264
264
292

406

180

320

406

462

462

16
16

24
8
8

2*

4

8

8

8

8

K1-1

K1-2
K1-3

K1-4
K1-5

K1-6

K2

952.782 Shift Helper
952.782 Oiler
951.885 H.P. Fireman
952.782 Boiler Feedpumpman
952.782 Turbine Tender

952.782 1--1 Operator (Switching)

Centralized Control

K3 Centralized/Computerized Control

K2-1 t

K3-1

K2-2 t

K3-2
K2-3

K3-3
K2-4 t
K3-41
K2-5 t

K3-5

952.782

952.782

952.782

952.782

952.782

Oiler

Auxiliary Operator

Assistant Control Operator

Control Operator

Senior Control Operator

1St*The 1 Operator (Switching) performs various system electrical switching
operations. It is estimated by Firm K that'he uses 47 of his time per-
forming switching operations for this plant.
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5. LENGTH OF OPERATORS' GENERAL EDUCATION AND ON-THE-JOB EXPERIENCE

The internal job codes and job titles used in Section 4 are re-
tained to facilitate cross-referencing.

Estimates of general educational requirements were made by re-
searchers. Estimates of on-the-job requirements were made by Firm
J for all J2a, J2b, and J3 jobs. Estimates for Kl, K2 and K3 were
made by researchers.
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6. ANALYSIS OF VARIANCE LAYOUT OF DATA AND DETAILED SUMMARY
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Improved estimate of residual variance was obtained by pooling
the sums of squares and the degrees of freedom of the original
residual estimate and of the T x F interaction.

The mean squares of the SL x T and SL x F interactions and
of the main effects were tested against this improved estimate.

Key to abbreviations:

D.F. Degrees of Freedom

S.S. Sum of Squares

M.S. Mean Squares

V.R. Variance Ratio

SL Skill Levels

TL Technology Levels

F Firms (Utilities)
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Skill

Level

Technology. Level 1 Technology Level 2

Jl Kl J2a K2

Low 2.00 4.00 0.00 0.50

Medium 7.00 5.00 3.00 1.00

High 1.00 0.25 2.24 3.00

Totals 10.00 9.25 5.24 4.50

TABLE C-3: MANHOURS PER PLANT OPERATING HOUR CLASSIFIED
BY SKILL LEVEL, FIRM AND TECHNOLOGY LEVEL.

Source of Variance D.F. S.S. M.S. V.R.
Significance

Level

Between
Skill Levels

Between
Technologies

Between
Firms

SL x T

SL x F

T x F

Residual

Improved Residual
Estimate

2

1

1

2

2

1

2

(3)

15.06

7.54

0.18

20.00

5.38

0.00

1.13

1.13

7.53

7.54

0.18

10.00

2.69

0.00

0.57

0.38

19.92

19.94

0.49

P < 0.025

P < 0.025

26.44 P < 0.021

7.11

r.

Total 11 49.29 _ ___

TABLE C-4: ANALYSIS OF VARIANCE SUMMARY (PER PLANT OPERATING HOUR
BASIS),

282
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7. DERIVATION OF INDIRECT LABOR MANHOURS

To determine maintenance and supervision manhours different
methods had to be adopted for the plant at TLl and for the plants at
higher technology levels, for the following reasons:

1. As shown in Figure 5.5, plant Jl like most of its generation
was completely autonomous and self sufficient with respect
to maintenance. All maintenance being in-plant, the manhours
of each repairman could be treated exactly as if they were
direct labor manhours. The three ether plants are dependent
on Divisional Maintenance created in 1952 and responsible
for major overhaul work. Overhauls however occur at dif-
ferent intervals in different plants (usually every 3 or
4 years) and take from 4-7 weeks to complete, depending mainly
on the age of the plant and the complexity of its equipment.
Also, the size and the composition of the Divisional Main-
tenance squads dispatched to overhaul a plant is not always
the same. All these factors were taken into account for
manhour compilations.

2. Plant Jl was co-dimensional with the Power Generating station,
and all of the manhours worked by each station (in-plant)
repairman and maintenance supervisor could thus be pro-
rated to unit output or plant operating hour. The three
remaining plants J2a, J2b and J3 on the other hand are part
of a two-plant station,and the manhours of the station
maintenance force and also of some of the operating fore-
men are accordingly shared between them and their sister
plants. Hence estimates had to be obtained of the ratios
in which each supervisor and repairman apportions his effort
between the two piants,and only the proportion of time spent
on the plants studied was considered.

-AO
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MAINTENANCE
Job Job Skill Manhours
Code D.O.T. No. Job Title Level Per Shift

Jl NON-CENTRALIZED (Capacity: 300,000 kw)

J1-1m 899.381 Utilityman , 38 7.62
J1-2m 821.887 Electrical Helper, 94 5.71
J1-3m 821.887 Maintenance-Steam Helper 94 11.43

J1-4m 840.781 Painter, Steam Maintenance 272 11.43
J1-5m 631.281 Boiler and Condenser Mechanic 272 3.81

J1-6m 631.281 Maintenance Machinist 320 5.71
863.884

J1-7m Brick and Asbestos Man
861.381

320 1.90

820.281
J1-8m Electrician

829.281
350 3.81

J1-9m 812.884 Welder - Steam 378 1.90
820.281

J1-10m Shift Electrician
829.281

406 11.43

J1-11m 710.281 Instrument Repairman 446 7.62
J1-12m 729.684 Test A Technician 502 1.90

J2a CENTRALIZED (Capacity: 300,000 kw)

In-Plant Maintenance Group

Plant Maintenance

J2a-lm 899.381 Utilityman 38 4.76
J2a-2m 821.887 Maintenance-Steam Helper 94 11.43
J2a-3m 840.781 Painter, Steam Maintenance 272 5.72
J2a-4m 631.281 Boiler and Condenser Mechanic 272 8.58
J2a-5m 631.281 Maintenance Machinist 320 5.72

863.884
J2a-6m

861.381
Brick and Asbestos Man 320 2.86

J2a-7m
820 281

Electrician
829.281

350 3.81

J2a-8m 812.884 Welder - Steam 378 1.43

Instrument Maintenance

J2a79m 710.281 Apprentice Instrument Repairman 350 5.72
J2a-10m 710.281 Instrument Repairman 446 4.76
J2a-llm 729.684 Test :A Technician 502 0.95

284
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Job
Code

Job
D.O.T. No.

J2a CENTRALIZED (Cont'd.)

MAINTENANCE

Skill. Manhours
Job Title Level Per Shift

D iv Is i orE1a i ntenancLaroue(()%!etta10Z-24).

Total overhaul time per Turbine-gGenerator
and associated Boiler(s) per 3 year
period:

Additional time of Boiler and Condenser
Crew to inspect and repair Boilers per
3 year period:

Mechanical Crew

84 shifts

10 shifts

J2a-12m 631.884

J2a-13m 631.281

J2a-14m 631.281

Electrical Crew

Maintenance Machinist, Helper
Apprentice Maintenance

Machinist
Maintenance Machinist

Electrical Helper
Apprentice Electrician

Electrician

Test Technician

Crew

94

292

320

94
322

350

446

94
272

320

378

1.37

0.59

3.13

0.20
0.20

0.78

0.10

0.29
1.17

0.15

0.29

J2a-15m 821.887
J2a-16m 820.281

J2a -17m
820.281

-m 829.281
J2a-18m 729.684

Boiler and Condenser

J2a-19m 631.884
J2a-20m 631.281

J2a-21m
863.884
861.381

J2a-22m 812.884

Boiler and Condenser Helper
Boiler and Condenser Mechanic

Brick and Asbestos Man

Welder - Steam



Job
Code

Job

D.O.T. No.

MAINTENANCE

Job Title

J2b CENTRALIZED (Capacity: 350,000 kw)

In-Plant Maintenance Group

Plant Maintenance

IRICOL.W91011,,IN
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Skill Manhours
Level Per Shift

J2b-lm 899.381
J2b-2m 821.887
J2b-3m 840.781

J2b-4m 631.281
J2b-5m 631.281

J2b-6m
863.884
861.381

J2b-7m
820.281
829.281

J2b-8m 829.281

Instrument Maintenance

Utilityman
Maintenance-Steam Helper
Painter, Steam Maintenance
Boiler and Condenser Mechanic
Maintenance Machinist

Brick and Asbestos Man

Electrician

Welder - Steam

Apprentice Instrument
Repairman

Instrument Repairman
Test A Technician

38
94

272
272
320

320

350

378

350

446
502

4.76

3.81
1.90
2.85

1.90

0.95

3.81

0.48

5.72

4.76
0.95

J2b-9m 710.281

J2b-10m 710.281
J2b-llm 729.684

Division Maintenance Group (Overhaul Crew),

Total overhaul time per Boiler-Turbine-
Generator unit per 4 year period: 105 shifts

Additional time of Boiler and Condenser
Crew to inspect and repair Boiler(s)
per 4 year period:

Mechanical Crew

J2b-12m 631.884

J2b-13m 631.281

J2b-14m 631.281

5 shifts

Maintenance Machinist, Helper
Apprentice Maintenance

Machinist
Maintenance Machinist

94

292

320

0.73

0.37

1.65
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MAINTENANCE

Job Job Skill Manhours
Code D.O.T. No.

J2b CENTRALIZED (Cont'd.)

Division Maintenance Group (Cont'd.)

Electrical Crew

Job Title Level Per Shift

J2b-15m 821.887 Electrical HelF,er
J2b-16m 820.281 Apprentice Electrician

281
J2b-17m

820.
Electrician

829.281

J2b-18m 729.684 Test Technician

Boiler and Condenser Crew

J2b-19m 631.884
J2b-20m 631.281

J2b-21m
863.884
861.381

J2b-22m 812.884

Boiler and Condenser Helper
Boiler and Condenser Mechanic

Brick and Asbestos Man

Welder - Steam

J3' CENTRALIZED/COMPUTERIZED (Capacity: 640,000 kw)

In-Plant Maintenance Group

Plant Maintenance

.13-1m 899.381 Utilityman
J3-2m 821.887 Maintenance-Steam Helper
J3-3m 840.781 Steam Maintenance Painter
J3-4m 631.281 Boiler and Condenser Mechanic

J3-5m 631.281 Maintenance Machinist
820.281

J3-6m Electrician
829.281

J3-7m 812.884 Welder - Steam

Instrument Maintenance

J3-8m 710.281

J3 -9m
710.281

' ' 003.281

J3-10m 729.684

ApOrentjteInstrument
Repajrman

Instrument. Technician

Test A Technician

287

94 0.09
322 0.09

350 0.27

446 0.09

94 0.66
272 0.88

320 0.22

378 0.22

38 1.91
94 8.00

272 1.91

272 4.19
320 2.86

350 3.71

378 0.95

350 1.91

474 4.57

502 1.91



Job
Code

41' cmm

Job
D.O.T. No.

MAINTENANCE

Job Title

J3 CENTRALIZED/COMPUTERIZED (Cont'd.)

Division Maintenance Group (Overhaul Crew)

Total overhaul time per Boiler-Turbine-
Generator unit per 3 year period:

Additional time of Boiler and Condenser
Crew to inspect and repair Boiler(s)
per 3 year period:

Mechanical Crew

J3-11m 631.884

J3-12m 631.281

J3-13m 631.281

Electrical Crew

J3-14m 821.887
J3-15m 820.281

J3-16m
820.281
829.281

J3-17m 729.684

........nonmovarooartrwar.I.PMITOMCCVVIMrattlVAIIMITtr..

Skill

Level

126 shifts

Maintenance Machinist Helper
Apprentice Maintenance

Machinist
Maintenance Machinist

Electrical Helper
Apprentice Electrician

Electrician

Test Technician

Boiler and Condenser Crew

J.3 -18m 631.884
J3-19m 631.281

863.884
J3-20m

861.381

J3-21m 812.884

Boiler and. Condenser Helper
Boiler and Condenser Mechanic

Brick and Asbestos Man

Welder - Steam

288
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ManhOurs
Per Shift

5 shifts

94 2.20

282 0.59

320 3.66

94 0.29
322 0.15

350 0.73

446 0.29

94 2.56
272 1.71

320 0.51

378 0.34
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Job
Code

SUPERVISION

Job Title
Skill

Level

Jl NON-CENTRALIZED (Capacity: 300,000 kw) - Supervision

In-Plant Group

Operations

Manhours
Per Shift

J1-ls Head Boiler Operator 434 8.00
J1-2s Head Turbine Operator 434 8.00
J1-4s Watch Engineer 490 8.00
J1-5s Assistant Station Chief 530 0.95

Plant Maintenance

J1-6s Steam Maintenance Foreman 462 1.90

J2a CENTRALIZED (Capacity: 300,000 kw) - Supervision

J2b CENTRALIZED (Capacity: 350,000 kw) - Supervision

In-Plant Group
Operations

J2-3s Operating Foreman
J2-4s Watch Engineer
J2-5s Supervisor of Plant Operations,

Plant Maintenance

J2 -6s Steam Maintenance Foreman
J2-7s Supervisor of Plant Maintenance

Instrument Maintenance

J2 -8s Instrument. FOreman, Maintenance

Division Maintenance Group

J2,-10s Sub4Oreman, Steam MaintehanCe
(Boiler and Condenser)

42711s Sub7Foreman, SteamiMaintenance
(Electrical)

289

462 1.90 1.90
490 0.95 0.95

462 0.95 0,95

J2a J2b

462 2.67 2.67
490 5.33 5.33
53o 0.95 0.95

462 0.08 0.11

462 0.05 0.05



Job
Code

SUPERVISION

Job Title

J2 CENTRALIZED (Cont'd.):

Skill

Level

C-42

Manhours
Per Shift

Division Maintenance Group, J2a J2b

J2-I2s Sub-Foreman, Steam Maintenance 462 0.15 0.14
(Mechanical)

J2 -13s Foreman, Mechanical Maintenance 490 0.05 0.05
J2-14s Foreman, General, Electrical and 530 0.05 0.05

Boiler

J3 CENTRALIZED/COMPUTERIZED (Capacity: 600,000 kw

In-Plant Group

Operations

- Supervision

J3-3s Operating Foreman 462 1.90
J3-4s Watch Engineer 490 6.10
J3-5s Supervisor of. Plant Operations 530 0.95

Plant Maintenance

J3-6s Maintenance Foreman, Steam 464 0.95
J3-7s Supervisor of Plant Maintenance 490 0.95

Instrument. Maintenance

J3-8s Instrument Foreman, Maintenance 464 0.95
J3-9s SupervisorOf;:instrUmentation 502 0.95

Division Maintenance Group

J3-10s 5ub-Foreman, Steam Maintenance 462 0.17.
(Boiler. and Condenser)

J.3 -lls Sub-FOreman, Steam-Maintenance. 462-, 0,08
(Electrical)'

J3-12s Sub-FOremari,'Steam Maintenance 462- .0.23

(MeChanical)''
- j543a---Foremar,-Machenical-Maintenance---, ,'490 0;08-
J3714s Foreman, General, Etectrical and 530 0.08

.Boiler

2

&a:1=2e..
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9. SKILL DISTRIBUTIONS AND SKILL PROFILES -- MAINTENANCE LABOR ONLY

In each pair of Tables and Figures the first shows the maintenance
labor manhours by skill level on a per unit output basis,'the second
of these same the manhours on a per plant operating hour basis.
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TABLE C-5: MAINTENANCE LABOR FORCE SKILL DISTRIBUTIONS FOR NON-CENTRALLY
(TL1) AND CENTRALLY (TL2) CONTROLLED POWER PLANTS IN UTILITY J.

(a) Basis: 106 Kwhr

Organization: Electric Utility J

Process: Power Production by Steam-Electric Process

Technology (Level 1): Non-Centralized Control

Technology (Level 2): Centralized Control

Source of Data: Direct Observation and Firms Records

Period: 1950-1952 (TL1) and 1964-1967 (TL2)

2 3 4 5 6 j 7 8 9 10 11

Skill

Level

Skill

Point
Range

Manhours Per
6

10.kwhr

Manhours as % of
Total for

Technology Level

Number of
Job Types

TL1 TL2 Change TL1 TL2 Change TL1 TL2 Change

6

.cm 5

4

449-530

367-448

285-366

203-284

121-203

38-120

0.8

8.7

4.8

6.4

0.0

10.3

o.4

2.7

9.6

6.4

0.0

7.5

- o.4

- 6.0

4.8

0.0

0.0

- 2.8

2.6

28.1

15.5

20.6

0.0

33,2

1.5

10.1

36.1

24.1

0.0

28.3

- 1.1

-18.0

+20.6

+ 3.5

0.0

- 5.0

3

3

2

0

3

3

6

2

0

5

0

+ 3

0

0

2

E
n 3

2

3
1

2.) 0

Totals 31.0 26.6 4.4 100.0 100.0 0.0 12 17 5

Net Manhour Change -14.2%

Mean Skill Level

Technology

Technology

Change

(Level

(Level

1)

2)

262:9

.258.9

`4:0

292

Standard Deviation
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(b) Basis: Plant Operating Hour

Organization: Electric Utility J

Process: Power Production by Steam-Electric Process

Technology (Level 1): Non-Centralized Control

Technology (Level 2): Centralized Control

Source of Data: Direct Observation and Firm's Records

Period: 1950-1952 (TL1) and 1964-1967 (TL2)

2 3 4 5. 6 7 8 10 11

Skill

Level

Skill

Point

Range

Manhours Per
Plant Operating

Hour

Manhours as % of
Total for

Technology Level

Number of
Job Types

TL1 TL2 Change TL1 TL2 Change TL1 TL2 Change

6

o, 5

= 4

449-53o

367-448

285-366

203-284

121-202

38-120

0.3

2.6

1.4

1.9

0.0

3.1

0.1

0.8

2.9

1.9

0.0

2.3

- 0.2

- 1.8

+ 1.5

0.0

0.0

- 0.8

3.2

28.o

15.1

20.4

0.0

33.3

1.3

10.0

36.3

237

0.0

28.7

- 1.9

-18.0

+21.2

+ 3.3

0.0

- 4.6

1

3

3

2

0

3

1

3

6

2

0

5

0

0

+ 6

0

0

+ 2

g 3

1g 2
z

3 1

0
-' 0

Totals 9.3 8.0 1.3 100.0 100.0 0.0 12 17 + 5

Manhour Change Due to Technology Change -14.1%

Mean Skill Level Standard Deviation

Technology (Level 1)

Technology (Level 2)

Change

262.9

258.9

4.0

144.6

123:6

<V

293
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C -46 FIG. C-13: MAINTENANCE LABOR FORCE SKILL PROFILES FOR NON-CENTRALLY
AND CENTRALLY CONTROLLED POWER PLANTS IN UTILITY J.

(a) Basis: 10
6

Kwhr

In-Plant Maintenance

NON-CENTRALIZED CONTROL

12

?ER)

.0

0

8

6

14.

2

10.3

6.4
4,8

Division Maintenance

Total Manhours/10
6

kwhr = 31.0

Mean Skill Level = 262.9

8.7

0.0
0.8

-120 121-202 203-284 285-366 367-448 449-53n

Skill Level (In Skill Factor Points)

CENTRALIZED CONTROL
Total Manhours/l06 kwhr = 26.6

12- Mean Skill Level = 258.9

E- 10- 9.6

8- 7.5
O

6-
L

o 4-
.c . 2.7

2-..

0.0 .;
38-120 121-202 203-284 285-366 367-448 449-530

Skill Level (In Skill Factor Points)

CHANGES - OLD TO NEW TECHNOLOGY



(b) Basis: Plant Operating Hour

In-Plant Maintenance

NON-CENTRALIZED CONTROL

MO 4trotamm!l!tr
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Division Maintenace

Total Manhours/Plant Operation Hour = 9.3
Mean Skill Level

2.6

38-120 121-202 203-284 285-366 367-448 449 -530

Skill Level (In Skill Factor Points)

CENTRALIZED CONTROL

= 262.9

Total Manhours/Plant Operation Hour = 8.0

Mean Skill Level = 258.9

2.9

38-120 121-202 203-284 285-366 367-448 445-530

Skill Level (In Skill Factor Points)

CHANGES - OLD TO NEW TECHNOLOGY
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(a) Basis: 106 Kwhr

Organization: Electric Utility J

Process: Power Production by Steam-Electric Process

Technology (Level 2): Centralized Control

Technology (Level 3): Centralized/Computerized Control

Source of Data: Direct Observation and Firm's Records

Period: 19621966 (TL2) and 1964-1967 (TL3)

1 2 3 4 1 5 6 1 7 8 9 1 10 11

Skill

Level

Skill

Point
Range

Manhours Per
6

10 kwhr

Manhours as % of
Total for

Technology Level

Number of
Job Types

TL2 TL3 Change TL2 TL3 Change T2 TL3 Change

6

fn 5

;;
4

449-530

367-448

285-366

203-284

121-202

38-120

0.3

2.0

5.4

2.0

0.0

3.6

1.3

0.3

2.8

1.5

0.0

2.9

+ 1.0

- 1.7

- 2.6

- 0.5

0.0

- 0.7

2.3

15.0

40.6

15.0

0.0

27.1

14.8

3.4

31.8

17.0

0.0

33.0

+12.5

-11.6

- 8.8

+ 2.0

0.0

+ 5.9

1

3

6

2

0

5

2

2

6

2

0

5

+ 1

- 1'

0

0

0

3

2

1

--I 0

Totals 13.3 8.8 - 4.5 100.0 100.0 0.0 17 17

Net Manhour Change -33.8%

Mean Skill Level Standard Deviation

Technology (Level-2)

JechnolOgy(Level 3)'

Change

274.3

263.8

10.5

137.6

140.0

TABLE C MAINTENANCE LABOR..FORCE'SKILLDISTRIBUTIONS, FOR NON-COMPUTERIZED
(TL2). AAND:COMPUTERIZED..(Tt3) pOWER PLANTS IN UTILITY J.
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(b) Basis: Plant Operating Hour

Organization: Electric Utility J

Process: Power Production by Steam-Electric Process

Technology (Level 2): Centralized Control

Technology (Level 3): Centralized/Computerized Control

Source of Data: Direct Observation and-Firm's Records

Period: 1962-1966 (TL2) and 1964-1967 (TL3)

3 4 5 6 7 8 9 10 11

Skill

Level

Skill

Po nt
Range

Manhours Per
Plant Operating

Hour

Manhours as % of
Total for

Technology Level

Number of
Job Types

TL2 TL3 Change TL2 TL3 Change TL2 TL3 Change

6

Q, 5

T 4367-448

449-530

285-366

203-284

121-202

38-120

0.1

0.7

1.9

0.7

0.0

1.3

0.8

0.2

1.8

1.0

0.0

1.9

+ 0.7

- 0.5

- 0.1

+ 0.3

0.0

+ 0.6

2.1

14.9

40.4

14.9

0.0

27.7

14.0

3.5

31:6

17.6

0.0

33.3

+11.9

-11.4

- 8.8

+ 2.7

0.0

+ 5.6

1

3

6

2

0

5

2

2

6

2

0

5

+ 1

- 1

0

0

0.

0

Tui 2

1

0
-1 0

Totals 4.7 5.7 1.0 100.0 100.0 0.0 17 17

Manhour Change Due to Technology Change +21.3%

Mean Skill Level

.Techn8logy

TePhnologY

Change

274.3

10.5.

Standard DeviatiOn.
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C-50 FIG. C-14: MAINTENANCE LABOR FORCE SKILL PROFILES FOR NON-COMPUTERIZED
(TL2) AND COMPUTERIZED (TL3) POWER PLANTS IN UTILITY J.

(a) Basis: 106 Kwhr
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Total Manhours/10
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Mean Skill Level = 274.3

2.0
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0.3

1.777171`
38-120 121-202 203-284 285-366 367-448 449-530

Skill Level (In Skill Factor Points)
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6
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(b) Basis: Plant Operating Hour

In-Plant Maintenance
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Division Maintenace

CENTRALIZED CONTROL Total Manhours/Plant Operation Hour = 4.7

Mean Skill Level = 274.3
4

3

2

1

1.3

1.9

38-120 121-202 2037284

0.1

285-366 367-448 449-530

Skill Level (In Skill Factor Points)

CENTRALIZED/COMPUTERIZED CONTROL

Total Manhours/Plant Operation Hour = 5.7

1.9

Mean Skill Level

1.8

1.0 0.8

\\,..\\\ 0.2
0.0

38-120 121-202 203-284 285-366 367-448 449-530

Skill Level (In Skill Factor Points)

CHANGES .7_ OLD TO NEW TECHNOLOGY:.

0.6
Q.3

t
0.7,

0.1
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APPENDIX D

FLUID AND THERMOFOR HYDROCARBON CATALYTIC CRACKING IN OIL REFINERIES
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1. OUTLINE OF PROCESS AND CONTROL TECHNOLOGIES

As the case study centers on the manpower and skill changes
associated with changes in the control technology in catalytic cracking
installations, detailed descriptions of either the Fluid or Thermofor
processes will not be given here; these will be found in the relevant
reference texts included in the bibliography of this report. The
brief treatment presented below is given to facilitate understanding
of the subsequent descriptions of the control technologies. It is

perhaps worth mentioning here that Fluid and Thermofor catalytic
cracking account for 70% and 23% respectively of the total catalytic
cracking capacity in the U.S., with a third catalytic process--Houd-
riflow cracking--accounting for the remainder. This excludes the
newer Hydrocracking process capacity.

Process Technologies

a. Fluid Catalytic Cracking (Figure D-1)

This process, commonly referred to as the F.C.C. process,
derives its name from the fact that, when mixed with hot air or hydro-
carbon vapor, the catalyst behaves, like .a liquid, circulating in a
continuous flow between the reactor, a vessel where "cracking" takes
place, and the regenerator, where contaminated catalyst is purified.

The reactor is fed with gas oil, some of which comes directly
from the crude stills; the rest of the feed consisting initially of
still heavier fractions, goes from the stills to a residuum stripper
where the asphalt content is separated from the gas oil which is
then passed through a furnace and into the reactor. As the catalyst
from the regenerator flows in at the bottom of the reactor, it meets
with the vapor-liquid mixture of gas oil. The heat of the catalyst
causes further vaporization of the oil, as well as supplying the
energy for the main reaction--"cracking." In the course of it, the
larger molecules of the oil vapor are split into smaller molecules,
and the resulting lighter vapors rise to the top of the reactor where
they pass through cyclone separators; here the cracked oil vapors are
separated from the heavier pulverized catalyst which drops to the
bottom of the reactor to be returned to the regenerator.

After separation, the, cracked oil vapors are piped from the top
of the'reactor to a fractionator. The fractionator effects a separa-
tion of the vapors, with gasoline and gas drawn off at the top and
other products such as heating oil, cycle oil, etc., lower down the
column. All these "cuts" subsequently undergo further refining and
processing elsewhere in the plant. Some of the heavier cuts from
the lower section of the fractionator are "recycled," i.e., merged
with fresh feed and returned to the reactor.

Purification of the catalyst in the regenerator is achieved by
burning off the deposited carbon under closely controlled conditions.
Before return to the regenerator, an air blast is introduced into the

ittlatfAcr



stream of contaminated catalyst; the carbon and air mixture is gen-
erally sufficient to sustain spontaneous combustion, provided the
supply of air is kept controlled. On those occasions when the oxygen
content of the mixture becomes excessive, torch oil is sprayed into
the regenerator to restore the balance.

b. Thermofor Catalytic Cracking (Figure D-2)

The Thermofor Catalytic Cracking process (T.C.C.) was
first used commercially in the early 1940's. T.C.C. units are of
the moving bed type, in which the catalyst flows through the
reactor and regenerating kiln as a compact moving bed. As is
shown in Figure D-2, the reactor is placed above the kiln. The
catalyst flows by gravity from the surge separator through the
reactor and into the kiln. Regenerated catalyst is returned to
the surge separator by means of an air lift to complete the
cycle.

The input material into the unit is gas oil' coming from the
crude stills and the residuum stripper. The gas oil enters the

'top of the reactor as a vapor-liquid mixture after having passed
through a furnace. In the reactor, the gas oil vapors contact
the catalyst from the surge separator and "cracking" occurs.
During cracking, the gas oil vapors undergo a molecular change in
which large molecules are split or "cracked" into smaller mole-
cules. The products of this reaction are separated from the catalyst
while passing through the vapor collecting grids at the bottom of
the reactor. The recovered catalyst flows into the kiln while the
cracked oil vapors enter the synthetic crude tower (fractionator)..
In the synthetic crude tower, which is an ordinary crude oil dis-
tillation unit, the cracked oil vapors are divided into various
"cuts" from light gas to heavy oils by the process of fractionation.
These "cuts," which are taken off as they leave at the temperatures
of different levels inside the crude tower, are then further pro-
cessed in auxiliary plants to make finished salable products or
raw, materials for use in other plants elsewhere in the refinery.
Some of the heavier "cut" is returned to the reactor as recycle.

The recovered catalyst from the reactors which contains coke
deposits from the cracking process, flows from the bottom of the
reactor into the kiln, where the coke is removed from the catalyst
by burning with air. In the plume burner, which is the top one
of the three sections of the kiln, the adhering liquids are burned
off; and in the cocurrent section the remainder of the coke is
removed. The coke deposit is generally sufficient to support com-
bustion, which is regulated by varying the flow rate and the tem
perature of the combustion air blown into the kiln, as well as the
distribution of the air throughout the kiln. 'Before entering the

lift pot the catalyst is cooled. Some of the regenerated catalyst
in the lift pot is returned to the reactor via the surge separator
by means of the air lift.
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Control Technologies

Introduction of the computer for closed-loop control did not
require any appreciable change in the control instruments in any
of the three cracking units. A few instruments were added, mainly
measuring and recording instruments and A/D and D/A converters;
however, most of the control equipment and its layout remained
unchanged.

Under the older technology, here referred to as pre-computer-
ization, conventional (analog) automatic control devices were
used to control various independent process variables, i.e., con-
trolled variables. All of these control devices, consisting
mainly of controllers and regulators, were air operated. The
controllers and most of the recording and measuring instruments
were located in the control room while the regulators were loca-
ted out in the plant directly regulating the values of the appro-
priate plant variables.

A controller makes a comparison between the actual and the
desired value of a variable and operates so as to reduce the
difference between the two. It does so by transmitting a signal
to the regulator, which in turn responds with a corrective action
by opening or closing its passage for flow. The regulator is

essentially an air operated valve, in which the rate of flow or the
valve stem position is controlled by a variable pressure in the
pneumatic capacity chamber that actuates the valve stem. Any
change in this pressure is caused by signals from the controller
in the form of a change in temperature, pressure, flow or any other
variable with which the controller is associated.

Since most of the process dependent variables are determined
by several controlled variables, the appropriate settings of the
controllers are not obvious. Furthermore, in spite of the fact that
standard minor loop controllers attempt to maintain constant values
of the controlled variables, disturbances caused by variations in
feed compostion, changes in performance of plant equipment, etc.,
may result in frequent readjustments of the set points of each
controller in order to ensure favorable operating conditions.
When making these readjustments, the operator usually changed one
set point at a time. After each change he would check the values
and trends of the variables concerned before making another change
to the same set point or some other set point.

Limitations on production besides volume of fresh feed are
mainly caused by the air blower supplying air for combustion in the
regenerator and the compressor handling the gases from the reactor.
The ideal operating condition normally requires the air blower and
the compressor to be operated at maximum capacity. If however the
compressor is operating at maximum while the capacity of the air
blower is not fully utilized, then the operator would change the
set-point of the heavy recycle stream controller to increase the
amount of heavy recycle. Such an increase in bottom products from
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the fractionator joining the fresh feed into the reactor will result
in increased production of lighter products such as gasoline,and
also in an increased amount of coke deposit on the catalyst for
supporting combustion in the regenerator.

By looking at the appropriate gauges or recording charts, the
operator would be able to see the effect his changing of the recycle
had on the production of gasoline and coke, as well as the operating
conditions in the regenerator. After readjusting this set-point,
the operator would change the set-point of the controller for the
air blower in order to increase the air rate so as to provide more
oxygen for burning the additional amount of coke deposit on the
catalyst. After several such readjustments, the operator would
obtain close to optimal settings for the controlled variables which
in turn would put the dependent variables in their desired operating
regions.

Under the newer technology, here referred to as post-computer-
ization, the computer controls some of the process variables through
its control program. These variables are some of the most critical
ones in the sense that frequent readjustments of the set points for
their associated controllers may be required and that the appro-
priate control of these variables largely determines product value
and conversion.

As was the case under the older technology, the values of va-
riables such as pressures, flow rates, etc., are available in the
control room as low-pressure pneumatic signals. These signals are
converted into electrical signals by means of transducers for entry
to the computer terminal unit. Some variables e.g., temperatures
and rpm's, are available directly as electrical signals. The
measured values of these variables are recorded on devices such as
electronic strip chart recorders. The values calculated by the
optimizing computer control program are displayed on charts and
printed out on a typewriter (A) as recommended setcings for the
controllable variables. The typewriter also prints out the values
of the dependent variables as predictions based on the calculated
values of the controllable variables.

? Even though the computer automatically scans some one hundred
variables and calculates the values of them, it actually controlls
a small number of these variables. It does so by transmitting
low-current electrical signals, corresponding to the calculated
change in value of these variables, to the "set-point stations,"
one set-point station for each variable. The set-point station
acts as a transducer and converts the electrical signals into
pneumatic signals for, the controller.
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An integral part of this program is the set of equations re-
lating the important plant variables. These equations are based on
theoretical kinetic considerations and were developed from both com-
puter simulations and commercial plant operations. The parameters
in the equations are initially adjusted so that there is agreement
between the measured value of a variable and the value obtained from
the equations. These model equations, which are nonlinear, are then
transformed into linear approximations and used in a linear program.
This program optimizes product value, which is frequently the same
as maximizing conversion, i.e., determine the value of plant con-
trolled variables which will maximize product value within certain
plant limits.

To prevent large changes from the operating points of the con-
trollable variables during each optimizing step, move limits are placed
on the, magnitudes of these changes. Move penalties are assigned to
each controllable variable so as to discourage changes in those vari-
ables which do not result in relatively large gains in product value.

The above description is based on the assumption of a steady
state procedure. However, the catalytic cracking process is far
from a steady state process. The plant-dependent variables may often
change from their instantaneous values recorded at a given time without
any changes being made in the controllable variables. Furthermore,
because of time lags inherent in the process, change in a control-
lable variable is not immediately reflected in the dependent variables.
The effects of non-steady state and time lags are prc-ided for in
the control program.

Certain special strategies are also used in addition to the
basic optimizing control procedure. These strategies insure that
corrective action will be taken whenever some plant variables are
forced to Operate in undesirable regions due to, for example, mal-
function of some equipment.

Scan, Alarm ancins

In addition to the main control program, several other programs
are incorporated into the computer software. One of these, the scan
program, makes the computer scan some hundred plant variables at
scanning frequencies of up to twenty variables per second. Each of

these variables is read into the computer and updates previously stored
values.

During scanning, the computer will detect any indications of
instrument failure and, through the alarm program, notify the operator
of such failure. Similarly, the operator will be made aware of in-
stances when the value of some plant variable falls outside some
preset limit for that variable. An alarm message is typed in red
identifying the equipment and/or the variable concerned. The operator
also receives the alarm message through an alarm annunciator, thus



D-8

reducing delay and time spent on monitoring the various variables
and equipment.

The logging program, which is very basic to the digital computer
control of any Process, provides an extensive log of the important
plant variables to be printed out on a wide-carriage typewriter (B).
The frequency of printout is determined by the operator so as to pro-
vide information in a convenient form logged for an eight-hour shift.
A log may also be obtained by the operator on demand at any time.

Input/Output and Peripheral Equipment

M, '.c of this equipment (see Fig. D-3) has been mentioned in
the preceding pages. In addition to typewriters (A) and (B) and
recorder pen traces for displaying calculated and measured values of
plant variables, a paper tape punch is also available for use by the
operator. This tape, however, is used mainly for recording data during
plant shutdown or startup and while making certain plant tests. The

tape is then used for offline analysis on another computer.

An essential component of the computer-operator interface is
the operator's console through which the operator communicates with
the computer. By means of switches and a decimal keyboard, the
operator is able to obtain information from,and feed information into,
the computer. The operator can, for example, change the values of
plant equipment limits, instruct the computer how to operate in cases
when some instruments are temporarily out of service, and request
information regarding plant variables to be printed out on typewTiter
(B). After the operator has made an entry into the console, the
computer program validates the entry and prints out whether or not
the entry has been accepted. If an entry is not accepted, an error
message is typed out explaining why the entry was rejected.
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FIG. D-3: SIMPLIFIED COMPUTER SYSTEM CONFIGURATION IN

CATALYTIC CRACKING
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2. METHOD OF DERIVING SKILL LEVEL VALUES

Skill-rating estimates for the jobs concerned were made by the
researchers, a job rating plan developed by C.H. Miller* being used
for this purpose. Two factors out of a total of six were considered
to be indicative of the skilled aspect of operator performance.

Experience & Training

Mentality

0 - 400 points

0 - 100 points

Experience and training are considered together, the aggregate time
required for both being the basis for the assignment of evaluation
points. Past experience required before assignment on the job is
considered together with learning and practice time required after
starting on the job.

Mentality is defined as "the prerequisite mental capacity and prior
knowledge acquired through formal schooling or its equivalent in
experience, necessary for the normal development of skills and know-
ledges for the job." Five degrees were considered depending upon
the complexity of the job and the mental development required for
its successful performance.

C.H. Miller. "Wage and Salary Determination." Union Oil Company
of California, Industrial Relations Department (undated).
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3. RAW DATA USED FOR DERIVING SKILL PROFILES

These data are tabulated under the title of each, process, with
the volume of fresh feed per shift in parentheses. The following
notes explain the meaning of each column in the tables:

Job Code: The codes are assigned to each job to facilitate
cross-referencing. The letter identifies the
firm, the attached figure identifies technology
and the figure separated by a dash, the job.

Job D.O.T. Number: These six digit numbers are taken from the 1965
edition of the Dictionary of Occupational Titles.
The matching of D.O.T. number and job was' done
by the researchers on the basis of job description
and their own knowledge of the jobs,

Job Title: Official titles assigned to the jobs by the
firm.

Skill Level: Total skill factor points derived as explained
in the preceding section.

Manhours: Determined from crew requirements established
by the firm.

Volumes: Obtained from personnel familiar with the operation
of the unit.
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Job Job

Code D.O.T. No. Job Title
Skill Manhours
Level Per Shift

GI F.C.C. (Volume:

(Volume:

542.280
546.782
546.782
546.782
546.782
546.782
546.782

(Volumn:

(Volume:

(542.280

1213.382
J546.782
1213.382
)546.782
1213.382
1546.782
1213.382
1546.782
1213.382
1546.782
1213.382
5546.782
1213.382

18,300 barrels fresh feed per shift)

16,000 barrels fresh feed per shift)

Head Operator 460
Unit Operator 420
Operator (s) 340
Operator (s) 340
Operator (s) 340
Operator (s) 340
Operator (s) 340

18,300 barrels fresh feed per shift)

16,000 barrels fresh feed per shift)

Head Operator 460

Unit Operator 420

Operator (s) 340

Operator (s) 340

Operator (s) 340

Operator (s) 340

Operator (s) 340

8

8

40
40
40
40
40

8

8

40

40

40

40

40

HI F.C.C.

G,H1-1
G,H1-2
G,H1-3
G,H1-4
G,H1-5
G,H1-6
G,H1-7

G2 F.C.C.

H2 F.C.C.

G,H2-1

G,H2-2

G,H2-3

G,H2-4

G,H2-5

G,H2-6

G,H2-7

312



Job Job
Code D.O.T. No.

Skill Manhours
Job Title Level Per Shift

Ii T.C.C. (Volume: 6000 barrels fresh feed per shift)

I1-1 542.280 Operator 1 460
11-2 546.782 Operator 2 44o
11-3 546.782 Operator 3 410

12 T.C.C. (Volume: 6000 barrles fresh feed per shift)

{542.280
213.382

1546.782
(213.382
j546.782
(213.382

Operator 1 460

Operator 2 440

Operator 3 410

31:3

8

8

8

8

8

8
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4. LENGTH OF OPERATORS' ON-THE-JOB EXPERIENCE

D-14

The job codes and job titles used in the previous section are
retained for cross-reference.

Estimates of on-the-job experience required of the operators
were made by the researchers in cooperation with representatives
of the firms.

REFINERIES G AND H

Job

Code
Job Title

On-the-Job Experience
(Years)

0 1 2 4 6 8 9 to

G, HI F.C.C. (PRE-COMPUTERIZATION)

G,H1-1 Head Operator X

G,H1-2 Unit Operator X

G,H1-31

: Operator (s) X

1-7

G, .H2 F.C.C. (POST-COMPUTERIZATION)

G,H2-1 Head Operator X

G,H2-2 Unit Operator
G,H2-3

: } Operator (s) X

2-7

REFINERY I

Job'

Code
Job Title

On-the-Job Experience
(Years)

0 4 6 8 9 to

Il T.C.C. (PRE-COMPUTERIZATION)

I1-1 Operator 1 X

11-2 Operator 2 X

11-3 Operator 3 X

12 T.C.C. (POST-COMPUTERIZATION)

12-1 Operator 1

12-2 Operator 2

I2-3 Operator 3

)0.4rke..414,7,

tIttkenbeatIlillau,
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5. ACTIVITY ANAUSIS

The data for the following tables are based on observations
made on the operator crew in the F.C.C. unit of Firm G by three dif-
ferent observers over three shifts. These observations, which reflect
the number of hours each operator spends on the various activities
averaged over a 40 hour working week, are "corrected" observations
i.e., time for unnecessary, excessive and unusual functions is eliminated
while time for necessary functions either not performed or partially
done is added to the actual observations.

The Tables include the following activities:

Verbal Communication: Receive and give information regarding turn-
over of the operating situation; receive
and give work direction; contact other members
of the crew regarding unit operations.

Monitoring and Control: Read and record measuring instruments; in-
spect and adjust control instruments.

Includes the running of plant control tests,
,reviewing laboratory test results, performing
minor maintenance including lubrication of
equipment outside the control room, and
housekeeping.

Miscellaneous:

The second. line from the top of both tables gives the job codes
of each of the seven operators, which is consistent with the job
codes used throughout this Appendix.
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E-1

1. TECHNOLOGY

a. Physical Process

The physical process is the same at both levels with certain minor
exceptions. In the following brief process description, air will be
regarded as a mixture consisting of 78 per cent nitrogen, 21 per cent
oxygen and 1 per cent argon by volume. The presence of rare gases other
than argon such as helium, neon, krypton and xenon will be ignored.
The removal of carbon dioxide and moisture will be specifically mentioned.

The separation of air at low temperatures involves refrigeration
and a distillation process. Refrigeration is achieved by first com-
pressing the air and then expanding it in an expansion engine. Dis-
tillation is accomplished by means of the fractionating process.
Figures E-1 and E-2 give a simplified process flow description and
a diagram of the fractionation columns of the computer controlled dual

plants.

Atmospheric air is drawn in through the inlet air filter and com-
pressed in the reciprocating air compressor. Five compressors operating
in parallel compress the air from ambient pressure to about 2800 psig.*
Each compressor takes the air through five stages of compression and
between each stage the compressed air goes through an intercooler for
removal of the heat of compression. After the final stage of compres-
sion, the air goes through the aftercoolers, one for each compressor.
Both the intercoolers and aftercoolers are air and water coolers.

, As the air emerges from the aftercoolers at a pressure of about
2800 psig and at approximately ambient temperature 70 °F, it is passed
through two freon coolers in parallel that lower its temperature to .

40-500 F. The air is then passed through a.molecular sieve adsorber for
the removal of carbon dioxide and moisture. The molecular sieve adsorber
is essentially a selective desiccant, an inorganic substance with a
specific pore size. The pore size, pressure and temperature are such
that nitrogen, oxygen and argon molecules are allowed to pass through,
while molecules of carbon dioxide and water are attracted to the molecules
of the inorganic granules and condensed on their surface. At a given
temperature and pressure, the amount of,carbon dioxide and moisture
that will be adsorbed depends mainly on the pore size and the total
area of the pore surfaces.'

The air, which has had the carbon dioxide and moisture removed,
emerges from the molecular sieve adsorber at about the same pressure
and temperature at which it entered. The air stream is now split into
two branches, each passing through a heat exchanger where the air is
cooled to about -200 F by the waste nitrogen stream from the main fra-
ctionation column. The high-pressure air is subsequently passed through
two freon coolers where it is cooled to -50° F. Each branch is again
split into two as it emerges from the coolers; one stream goes through

*
psig = pounds per square inch (gravitational unit
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an expansion engine and performs external work, the other is further
cooled in a heat exchanger and throttled through an expansion valve.
The two streams are then recombined at a pressure of about 80 psig
and a temperature of -2500 F and fed to the high-pressure column of
the fractionation unit. There is one such unit for each of the two
plants.

During the fractionation process, which will be discussed in some
detail at ttfa end of this section, the oxygen, nitrogen and argon are
separated from the vapor feed in the fractionation columns. Argon
is further purified in a redistillation unit, The final liquid product
streams of oxygen, nitrogen and argon are then piped into 50,000 gallon
storage tanks.

The Air Compressors -- The air compressors are five stage, hori-
zontal, balanced-opposed and water-cooled reciprocating machines with
synchronous electric motor drives. Each stage has a compression ratio
of roughly 3 to 1.

The Expansion Engines -- The expansion engines are vertical, two
cylinder, reciprocating machines. Each of them is started and loaded
by an electric motor which, when run above its synchronous speed, op-
erates like a generator and feeds power into the electrical mains. The
compressed air is expanded in the machine, which is essentially a pis-
ton-cylinder device similar to a steam engine, and performs external
work. The energy recovered is used to generate power by operating the
electric motor or generator. While performing this work, the air loses
an equivalent amount of heat energy and becomes cooler. About 70 per
cent of this cooling is the result of performing external work and
the Joule-Thomson effect accounts for the remaining 30 per cent.

Carbon Dioiide*.and Moisture Removal. -- In the computer controlled
plants, carbon -dioxide and moisture in.the air feed'are removed by means
of a molecular sieve adsorber.:.Ad$orption Ls believed to be, based on
molecular Attraction.(van der Wa61s forces) between the molecules of
a solid and those of a gas.. The substance.used is very porous with'
carefully'controlled pore size. The' effective area of the pore surfaces
is enormous, which makes them capable of adsorbing large quantities of
carbon dioxide and. moisture. .The'moleOUles of.the first layers are
attracted most strongly, the forces of attraction diminishing with each
subsequent. layer. As the.molecillar 'sieve adsorber has to be regenerated
about once every four hours, tmo such adsorbers (or rather two sections
of one adsorber hssembly) are used.so that. .one Woperating while the
other one is being regenerated.

In the manually controlled dual plants, carbon dioxide is removed
by passing the air through towers in which it is.scrubbed with a counter-
current of caustic soda solution; Moisture and condensate are removed
by adsorption in an air drier assembly consisting of pressure vessels and
a desiccant. The towers, which

_MO
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are arranged in series, are filled with packing material over which the
circulating caustic solution is sprayed. As the air flows upward through
the tower, it contacts this caustic solution on the packing surface and
the resulting chemical reaction converts carbon dioxide in the air to
sodium carbonate. After about eight hours of continuous operation the
spent caustic solution together with the sodium carbonate are drained
off and replaced by a fresh supply of 9 per cent caustic solution.

Condensate produced in the compressor aftercoolers is removed in
the purge bottles which are pressure vessels of the air drier assembly.
The high-pressure air is then passed through one of two vertical pressure
vessels for moisture removal. Each vessel is filled with an alumina
desiccant and arranged for alternate operation to permit the reactivation
of one while the other is in service. The vessels are switched about
once every eight hours by manually operated valves.

Fractionation Process -- Fractionation of the air feed is accom-
plished in the main double-column and the argon column as shown in
Fig. E-3. Without going into the design of these columns and the
thermo-dynamic theory of the process in any detail, the following is
intended to give an outline of the fractionation process in the Air
Separation plants discussed here.

In air separation, as in any fractionation process, a liquid flows
continuously down the column and interacts with vapor feed flowing upward
through plates or trays. Throughout the column there is a continual
change in composition of both the liquid and vapor phases. Proceeding
from bottom to top of the column, the vapor phase increases in concen-
tration of nitrogen, which is the more volatile component, while the
liquid descending from plate to plate becomes enriched with the less
volatile oxygen component. When the process is in the stage of dynamic
equilibrium, liquid or vapor oxygen is .continuously withdrawn from the
bottom of the column and impure nitrogen vapor from the top.

The two-column arrangement of the main column is designed so that
the reflux condenser of one column serves as the reboiler of the other
and embodies as an essential feature a difference in pressure between
the upper and lower column. This pressure differential across an evapo-
rator-condenser interposed between the two columns (the main condenser)
is so selected that the evaporation of liquid exygen in the condenser
causes condensation of the nitrogen vapor at the top of the lower column.
Since the normal boiling point of oxygen is higher than that of nitrogen,
the pressure in the upper column has to be lower than that in the lower
column.

In the lower column, the air is separated into a crude liquid oxygen
bottom fraction and a gaseous nitrogen overhead stream. A portion of the
nitrogen stream is totally condensed in the main condenser and piped from
the column as the liquid nitrogen product stream. The remainder of this
condensate, or reflux nitrogen, is passed through the reflux nitrogen
subcooler in which it is subcooled by heat exchange against the waste
nitrogen stream from the top of the upper column. The subcooled reflux
nitrogen is subsequently expanded through a control valve and fed into
the top of the upper column.
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The crude liquid oxygen is withdrawn from the sump of the lower
column, passed through hydrocarbon adsorbers, and then through the
crude oxygen subcooler (omitted from diagram). The stream then splits
in two, one being expanded through a control valve and fed to the upper
column, the other passed into the condenser of the crude argon column
before it is introduced as feed into the low-pressure section of the main
column. This crude oxygen feed is then fractionated into a gaseous
waste nitrogen overhead stream, a crude argon side stream and bottom
product streams of vapor and liquid oxygen.

The waste nitrogen gas from the top of the upper column serves to
subcool the reflux nitrogen and crude oxygen streams and to cool the
high-pressure air passing through the heat exchangers as shown in Fig. E-2.
Some of the waste nitrogen gas is then vented while a portion of it is

used as recycle for the fractionation process.

The crude argon stream is piped from the main column at the level
where the argon concentration is highest (10 per cent) and fed to the
argon column for further fractionation. During this process, the argon
is yet further separated from oxygen and nitrogen, which are returned
to the appropriate levels of the main column. The crude argon over-
head stream at a purity of about 96-98 per cent is then piped to the
redistillation unit for further purification.

b. Control Systems

i) Technolsa Level 1 (Older Plants)

Along with introducing computer control of two new plants op-
erating in parallel, operations were continued in the two older plants.
One of them is entirely under manual control without the aid of any
automatic control instruments. The operator controls the operation of
this plant by adjusting all control valves. The newer of the old plants
is equipped with conventional automatic control instruments, all of
which are pneumatic. The controllers and most of the recording and
measuring instruments are on a central control panel, while the control
valves are located throughout the plant,

The controller, which is both a measuring and control instrument,
makes a comparison between the actual and desired or set-point value of
a process variable and operates so as to reduce the difference between
the two. It does so by transmitting a pressure s:gnal to the control
valve, which in turn responds by opening / closing its flow passage.
The rate of flow or the valve stem position is controiled by a variable
pressure in the pneumatic capacity chamber that diaphragmatically ac-
tuates the valve stem; changes in this pressure are initiated by signals
from its associated controller.

Since most of the dependent process variables are determined by
several controlled variables, the appropriate settings of the controllers
are not obvious. Furthermore, disturbances caused by variations, in
ambient pressure and temperature, changes in performance of plant equip-

-AP
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ment, etc. may require frequent readjustments of the set points of some
controllers in order to maintain favorable operating conditions. When
making these readjustments, the operator will usually change one set
point at a time. After each change he will check the values and trends
of the variables concerned before making another change of the same or
some other set point.

The activities of the single operator who maintains operations in
the two old units, consists mainly in manipulating various controllers,
monitoring recording and measuring instruments and turning control valves.
He adjusts the various set points by moving a knob on each controller
(or opens and closes control valves) so as to maintain the desired op-
erating conditions. Even though the operator does nit know the mathe-
matical and thermodynamic relationships between the Lifferent process
variables, he has been trained to recognize the most important inter-
dependencies. Thus, for example, if a certain product stream is found
to be below the requirement in terms of purity, he may decide to reduce
the flow rate of this stream by changing the set point of the associated
flow controller. He recognizes the relationship between stream com-
position and flow rate in terms of what effects his changing the flow
rate will have on the composition of the stream.

Similarly, the operator has to maintain certain heat and refrigera-
tion balances by controlling temperatures, pressures, etc. at various
locations throughout the system. He does not recognize these balances
as such but has been trained to do the right thing.

ii) Technology Level 2 (Newer Plants)

In contrast to the older technology outlined above, the two
new plants are entirely operated by a digital process-control computer.
Instead of an operator, it is the computer that changes the set points
so that they correspond to the desired values of the process variables
calculated by the control program.

The computer automatically scans several hundred variables, all of
which are available in the control room as electrical current or voltage
signals. Most of the signals are in the form of electricill currents
which are transformed into voltages by passing certain current
ranges through resistors. Some of the signals, which are initially
pneumatic, are converted into voltages by means of transducers. Rela-
tively few of the variables have their measured values indicated and
recorded on instruments in the control room, as the cormsponding infor-
mation is provided by the computer's logging functions.

The various voltage signals, which are usually within the ranges
of 1-5 or 1-10 volts, are read into the computer's analog-to-digital
conversion unit and stored in the computer memory in the form of digits.
Whenever the computer requires to know the value of some process variable
in a control computation, for example, it picks the corresponding digit
and converts it into an engineering unit by means of a conversion
equation. A conversion equation simply describes the relationship between
the digital equivalent of an instrument reading and the corresponding
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true engineering unit. Thus, a certain liquid level may be read as
being somewhere within the range of 1 to 5 volts while the same range
in terms of engineering units will be 0 to 100 inches. Instruments

usually have their own individual conversion equations, some of which
are linear while others are of a higher order. A square root rela-
tiooship exists, for example, between the voltage readings and en-
gineering units of flow rates.

The analog output system is exactly the reverse of the digital
input system. After the computer has calculated the desired value of
a process.variable by means of its control program, the voltage equi-
valent of this value in engineering units is transmitted to a remote
set-point station. This voltage value is generated from the corres,.
ponding engineering unit after the computer has solved the conversion
equation (i.e., the reverse of the conversion equation of the in-
coming signal) and read the digital value into its digital-to-analog
conversion unit. The signal then arrives at the set-point station which
responds by changing a controller set point if the voltage value of
the signal is different from the present set-point value.

A set-point station is essentially a servomechanism consisting
of a small motor driven device and a balancing circuit. Upon re-

ceiving the voltage signal from the computer analog output system, the
motor of the set-point station starts rotating until electric balance
is restored. Since this motor is connected to a controller by means
of gear wheels, any rotation of the motor physically moves the,,,con-
troller set point.

Once the set point is changed, the computer will take no further
action until such time as another change of the set point is required.
From here onward the control of the process variable is entirely in-
dependent of the computer and is similar to that for the older tech-
nology described above.

c. Computerized Process Control

i) Special Instrumentation for Computerization

Standard set-point stations are mainly available for control
of pressure, liquid levels, flow and temperature. Some 15 such set-

point stations are used with only minor modifications. Special :-In-

trol systems were designed for certain very low temperature control
applications. Similarly, a servo-system was designed for the purpose
of controlling the inlet valve timing device associated with the ex-
pansion engines of the refrigeration circuit. This timing device,
which is under computer control, determines the air throughput of the
expansion engines and hence the refrigeration efficiency. Hydraulic

rather than pneumatic control is used for this purpose. The electric
signal from the computer is transduced into a pneumatic signal, which
in turn exerts pressure on a hydraulic reservoir. Changes in the
hydraulic pressure move a cylinder which positions certain cams connected
to the inlet valves of the expansion engines.
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The computer is provided with information on important stream
compositions by means of stream analyzers, which are operal.ed on a
timl-sharing basis. Instead of using one analyzer for each stream,
the computer is programmed to switch each instrument from one stream
to another. Each of these analyzers transmits voltage signals within
the range of 1 to 5 volts to the computer and records the same values
on a rotating paper disc that makes one revolution every 24 hours,
The disc has radial lines at 15 minute intervals and this milkes it

easier to relate the occurence of product impurities to some other
plant upset.

Out of a total of six analyzers, three are used for measuring the
compositions of the oxygen, nitrogen and argon streams from the two
fractionation units. The oxygen and nitrogen analyzers are used strictly
for protecting the liquid products in the storage tanks: whenever the
purity of the oxygen goes below 99.5%, and oxygen contamination of the
nitrogen exceeds six parts per million, the computer is programmed to
dump production.

The remaining three analyzers plus the argon analyzer are used
for control purposes only. The argon analyzer provides the computer
with the feedback necessary for ensuring proper composition of the
vapor argon stream which leaves the fractionation unit for further
purification in the argon redistillation unit. Three analyzers are
connected to intermediate streams that are merely indicative of cer-
tain aspects of the fractionation process.

ii) Computer Control Program

Integral to this program are the various relatively simple
equations relating the dependent process variables to the indepen-
dent or controlled variables. These relationships are based on theo-
retical steady-state considerations, and on analyses of the actual
dynamic behavior of attended air separation plant.

Even though the computer scans several hundred process variables,
it only performs some 25 relatively complex control computations. In

some of these, the computer runs various heat balances for determining
the allocation of air through the expansion engines and heat exchangers.
The actual control of the air throughput of the expansion engines is

governed by the valve timing device mentioned earlier. Any air that
is not expanded in the engines is passed through the cold branch of
the heat exchangers.

Another important section of this program controls the air capacity
of the five process-air compressors. The computer regulates the supply
of air to the dual plants as well as the air pressure of the molecular
sieve adsorber. This is accomplished by ,,arying the air intake into
"clearance pockets", and venting ak through an atmospheric vent valve.
Each compressor has two clearance Oockets so that, for the five com-
pressors combined, the computer controls over ten per cent of the
total air volume. The vent valve permits another ten per cent of the
air pool to be regulated by the computer.
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The clearance pockets are essentially dead volumes connected to
the cylinders via a clearance valve in the passage between each cylinder
and the pocket. For maximum capacity and efficiency, the piston should
travel so close to the cylinder head that all the air is pushed into
the next stage. By opening the clearance valve to a pocket, some air
idles in this dead volume so that not all of it is pushed into the next
stage. Thus, the capacity of the compressors is reduced and an arti-
ficial inefficiency is introduced. When, for example, the molecular
sieve adsorber is being repressurized (every four hours), the computer
immediately senses that the supply of air to the plants is being re-
duced. The computer has been programmed to cope with this apparent air
loss by gradually closing the valves to the clearance valves.

The various tasks performed by the computer are ordered in a sequence,
priorities being dictated by the executive routine of the program.
Thus, the more important tasks such as control computations have to
be completed before the computer is available for performing lower
priority tasks such as trend logging a variable. As soon as the com-
puter has completed one task, it starts searching for the next lower
priority task. During this short search period, a red light on the
control console lights up, and this may occur some thirty t!mes per
minute. Even if this light lights up only once during a minute, it

shows that the lowest priority task has not been truncated. Having
completed one search cycle, the computer again starts to perform the
highast priority task. A "priority interrupt" organization ensures
that a lower priority command such as a trend log is interrupted
whenever necessary for the completion of a higher priority task.

The performance of each sub-task has been programmed in a similar
manner with regard to priorities. When, for example, the control
program needs the value of a process variable, the first step is to
check for signs of failure in the measuring instrument for this variable.
If no such failure and no limit violation are indicated, the program
will use the value in memory. The program may use a value if process
limits have been exceeded; however, if an instrument breakdown is
indicated, the value will not be used in any control computations.
The computer will then revert to the last "good" set point and use
it until the instrument has been repaired.

iii) Auxiliary Programs

In addition to the main control program, the computer has several
other programs incorporated into its software. The most extensive one
of these, the scan program, makes the computer "scan" (i.e., record
the values of) several hundred process variables, updating previously
stored values once every eight seconds. Higher scanning frequency is
possible with the existing hardware; however, an eight-second scan is
considered adequate in view of the relatively slow instrument res-
ponse-time.

The valdes of those process variables which are sensed as digital
signals are gated directly into the memory storate. Analog inputs,
however, are first selected by a multiplex switching and passed to
an A/D conversion unit. The converted values are stored in designated
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sections of the computer memory; no external buffer storage exists.

During scanning, the computer will test for any indications of
instrument failure and process-limit violations. If an instrument
failure results in an unreasonable measurement for the associated
variable, the computer will "flag" this variable. Simultaneously
an alarm program will cause an error-message identifying the instru-
ment to be typed out on the remote teletypewriter monitored by an
operator in the nearby attended plants.

If no instrument failures are indicated, the computer, will examine
the corresponding variables for violations of tolerance or process
limits. Most of these limits are fixed, but the reciprocating machines
(compressors and expansion engines) have variable limits for their
associated variables. The variable limits are calculated by the
computer on the basis of very simple equations relating variables
such as compression and expansion ratios, cooling water temperatures,
etc. Such variable limits have the advantage of being more accurate
under changing operating conditions.

Besides alarm limits, each variable is assigned upper and lower
shutdown limits, which, are wider than the corresponding alarm limits
so as to permit corrective actions to be taken by maintenance and
avoid computer shutdown.

A logging program provides an extensive log of the most important
process variables. Every hour on the hour the current values of 66
process variables are listed on the logging teletypewriter, which
is a special slow-speed typewriter with a 30 inch carriage. A log
may also be obtained at any time on demand. Values of variables for
which process limits have been violated, are logged in red thus em-
phasizing the messages on the alarm typewriter.

The logging teletypewriter also presents an economic summary
every 24 hours. It provides an analysis of the plants' performance
in terms of product yield, on-stream time for certain process com-
ponents, power consumption and efficiency.

A trend-log program greatly aids maintenance and supervisory
personnel in cases of process and equipment problems. This program
permits a number of process variables to be trend-printed at any
frequency, such as once every minute or multiples thereof.

In addition to the above program features, load and utility
programs are used as well as a number of convenience programs. The
load and the utility programs, which are mainly used for making pro-
gram changes, may only be activated from a programmer's panel by
trained supervisory personnel. The convenience programs, which are
initiated from a control console, are used routinely by plant main-
tenance personnel when making equipment adjustments.

A number of programs are also stored in the permanent guarded
computer memory for the purpose of verifying the computer's own per-
formance. One such routine makes the computer solve a problem and
compare the result obtained with the correct stored resu) , Any
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significant disagreement between the two results will cause the com-
puter to initiate an alarm and shutdown. Another routine makes the
computer check its own input analog amplifiers for any calibration
shift. It does so by impressing a small voltage across an amplifier,
reading the amplifier and comparing this reading with some maintained
standard voltage level. The computer will register any disagreement
between the two readings as an amplifier drift, and type out the
magnitude of this drift and the amplifier identification on the alarm
typewriter for maintenance action. At the same time, the computer
will compensate for such a drift by adding or subtracting the per-
centage corresponding to this drift to each value derived from the
amplifier.

iv) Input/Output and Peripheral Equipment

Some of this equipment (see Figure E-3) has been mentioned
previously. In addition to the alarm teletypewriter, logging tele-
typewriter, programmer's panel and control console, a programmer's
typewriter and tape reader constitute part of this equipment. The
programmer's typewriter, which is normally disconnected from the
computer, is used for making program changes and for diagnosing ab-
normalities of instruments. The typewriter has a paper tape punch
and a reader associated with it, and when a member of the maintenance
staff wishes to call for a trend log or print out some portion of
memory, he sets certain numerical dials located on the console to
specify memory locations, punches his instructions onto the paper
tape, passes the tape through the reader and then presses actuator
buttons on the console.

The programmer's panel, which is only used by computer-trained
personnel, permits access to the guarded computer memory. Such access
is required when making certain program changes and for activating
load and utility programs.

The quantities of liquidnitrogen and liquid oxygen to bepro-
duced are determined by the Distribution Manager who externally feeds
a .command tape specifying these quantities through .a remote tape reader.
The computer reads this instruction, stores the command data thus
provided, and adjusts plant operation accordingly.

The alarm and logging teletypewriters provide the main communica-
tion links between the new plant and the operator of the older plant.
A closed circuit television system and an emergency shutdown circuit
are also available for his use but these are rarely if ever employed.

It will be seen from the above description that virtually all
direct operating tasks and contingencies handled by the operator in
older plants are now managed by the computer, In effect it is a

perfectly responsive system for meeting production demands specified
by the Distribution Manager. Direct-labor input has been effectively
eliminated..

330



1.1014nevOn nrrr=nrimmerromMItriMtrir7VVVITNITZ.,,,:.

2. METHOD OF DERIVING SKILL LEVEL VALUES

Skill ratings for all.the jobs concerned were obtained by the
researchers in cooperation with representatives of the firm. A job
rating plan developed by C.H. Miller* was used for this purpose.
Two factors out ofa total of six were considered:

Experience and training

Mentality'

4o0 points

='100 points

,

Experience and Training are consideredtogether, the aggregate time
required for both being the basis for the assignment of evaluation
points. Past experience and education required before assignment
on the job is considered together iith learning and practice time
required after starting on the job.

Mentality is defined as "the prerequisite mental capacity and prior
knowledge acquired through formal schobling.or its equhalent i n ex-

perience, necessary for .the normal development of s k i l l s and know-
ledges for the job.". Five degrees were considered depending upon the
complexity of the:.jobb and the mental development required for its
successful performance.

*
C.H..Miller. "Wage and Salary betermination," Union Oil 'Company of

California, Indutrial Relations Department (Undated).
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3. RAW DATA USED FOR DERIVING SKILL PROFILES

These data are tabulated under the title of the process andytype
of labor with the.,volUme of the product jprogessed per shift in parenr
theses. The follOwing notes explain the meaning of each column In
the tables:

Job Code: The codes are internal codes, assigned to each
job to facilitate cross referencing. The letter
identifies the firm, the attached figure identifies
technology and the figure separated by p dash,
the job.

Job D.O.T. Number: These six digit numbers are taken from the 1965
edition of t:e Dictionary of Occupational Titles.
The mi4ching of D.O.T. Number and job was done by
the researchers on the basis of job description
and their own knowledge of the jobs.

Job Title: Official titles assigned to the jobs by the firm.

Skill Level:. Total skill factor points derived as explained' in
the preceding section,;

Manhours:

Volumes:

Determined from crew requirements esta")lished by
'the firm and from discussions with pe,sonnel
familiar with the orerations.

Obtained from personnel familiar with the operation
of the units.
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Job Job

Code' D.O.T. No.
Skill' Manhours

Job Title Level Per Month

N1 MANUAL CONTROL (Volume: 21.7 tons per shift)

Direct Labor

N1-1 559.782 Operator I60 8.o

Indirect Labor

N1-2 559.132 Foreman 430 0.5
NI-3 630.281 Maintenance Mechanic 280 1.0
N1-4 630.281 Maintenance Helper 210 0.5
N1-5 710.281 Laboratory Technician 450 O.

N1-6 7i0.281 Instrument Technician 500 0.0*

N2 COMPUTER CONTROL (Volume: 26.7 tons per shift)

Direct Labor

559.782 Operator 160 0.0005N2-1

Indirect Labor

N2-3 630.281 Maintenance Mechanic 280 1.0
N2-4 630.281 Maintenance Helper 210 0.5
N2-5 710.281 Laboratory Technician 450 0.1
N2-6 710.281 Instrument Technician 500 0.02

Time spent on maintenance of pneumatic control instruments is negligible.
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4. LENGTH OF GENERAL EDUCATION AND ON-THE-JOB EXPERIENCE

The job codes and job titles used in Section 3 are retained
for cross reference.

Estimates of general educational and on-the-job experience re-
quirements were supplied by the firm.
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1. OUTLINE OF RESERVATION SYSTEMS TECHNOLOGIE-

The essential services rendered by airline reservation systems
are providing space and facilitating boarding onto the plane. The
main points at which the activities involved in servicing passengers
occur are the Reservation Offices and Ticket Offices which secure
and hold space, the Airport Offices which assists passenger depar-
ture and arrival, and the central facilities which are the link bet-
ween local offices.

Reservation Offices

A large and important segment of Reservation Office personnel
are Reservation Agents who answer telephone calls from customers
seeking to make reservations or desiring a variety of flight infor-
mation. Calls are received from many different sources, all of which
can loosely be called "customers". The most frequent types of cus-
tomers are individuals, travel agencies, and commercial establish-
ments. Other calls arrive from tour operators, the airline's own
ticket offices which do not have access to centrally stored information,
and offices of other airlines. Interline calls (Lens between offices
of different airlines) concern passengers transferring at Nome stage
to connecting flights, whose reservations are taken by one airline
but who are partly serviced by other airlines.

Owing to the diversity of call sources and the extensiveness of
customer service provided by the airlines, the Reservation Office
personnel must be capable of processing many kinds of information
relating to reservations. These include:

1. Flight schedules of all airlines

2. Availability of seats on all flights of their own airline

3. Availability of seats on flights of connecting airlines

4. Passenger informatipi,

5. Special meal arrangements

6. Up-to-the-minute flight arrival times

7. Car rentals

8. Hotel reservations and facilities

9. Special requests for such services as bassinet, wheel chairs,
etc.

10. Ticketing arrangements

11. Fare quotations

12. Currency and customs regulations particularly for inter-
national carriers)

13. Tour arrangements
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The basic document in the reservation procedure is the Passenger
Reservation Record (PRR) which contains passenger information (name,
address, phone), special provisions (e.g., passengers desiring seats
together, requests for infant facilities, wheel chair, and special
meals), hotel, tour, and car reservations requested, ticketing infor-
mation (date and location where ticket is to be picked up), fare in-
formation, and international documentary requirements. The PRR serves
as the source for adjusting seat availability inventory, providing
special services and facilities, and providing subsequent forms for
boarding passengers and taking post-departure action. Technological
changes have not affected the status of the PRR which remains now, as
it was before, the basic document. However, they did affect a) the

method by which Reservation Agents acquire flight availability infor-
mation which has to be communicated to prospective passengers before
a booking can be made; b) the storage of PRRs and thereby the method
of retrieval for amendment and other purposes.

In manual reservation systems, exemplified by NI , the Reser-
vation Office was typically divided into three sections: (1) The
Sales Section which received incoming calls, provided flight informa-
tion, and entered the PRR onto a reservations sales card at the time
of booking (the Sales Section in Firm N's manual system was further
divided into a subsection which received calls from the general public,
other airlines, and ticket offices, and another which handled calls
from travel agencies and commercial customers); (2) the Control
Section which controlled all flights departing from the local airport,
maintained a file of Passenger Reservation Records for local flights
and used them to supply information as needed to passengers and com-
pany personnel. PRR's for flights leaving from another location were
teletyped to the Reservation Office controlling those flights. The
control section also computed fares for complex itineraries, made
additions and changes to PRR's and supervised the issuing of tickets,
ordering of meals and aircraft seating arrangements. (3) The third
section, Communications, was staffed by teletype operators who trans-
mitted messages reporting sales to Central Control and special requests,
passenger reservation .information, etc. to the local airport office
as well as to other Reservation Offices.

Semi-automatic reservation systems such as P1 , were in many
of their procedures similar to manual systems. The same information
was recorded on the reservation sales card to create the Passenger
Reservation Record but the content of all PRR's was teletyped to a
central control facility which maintained the main PRR file. The
central control facility also took over all functions of local control
sections, which it replaced. Centralization of control functions
radically reduced the number of teletype operators needed. To give
Agents in individual offices access to seat availability status,
Agent Sets resembling simple adding machines were introduced; these
sets (see Fig. F-1) were electronically connected to a master control
board at the central facility. Each set was equipped with so-called
Destination Plates, enabling the Agent to request and receive simul-
taneously information on all direct, alternate, or connecting services
to a particular destination. The plate was partitioned into sections
of eight flights or flight legs (a leg is that part of a flight from
one takeoff to the next scheduled landing). Asked about flights to
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4

ILLUSTRATION F-1: AGENT SET USED IN SEMI,AUTOMATIC RESERVATION SYSTEM (P1)
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a particular destination, the Reservation Agent inserted the appro-
priate Destination Plate in a guide on the back of the Agent Set and
adjusted a shutter over the plate to designate for which group of
eight flights the information was desired. The month and date of the
desired flight were keyed in and the transaction was activated by
positioning a lever on the set. Within seconds the availability
status of all eight flights (or legs) was indicated by a small light
indicator below each; a light on meant the flight was "open" and a
seat reservation could be immediately confirmed to the caller, a
light off signified flight was closed for further bookings, a flashing
light indicated that the "stock" of seats was running out and space
had to be requested by teletype, the caller to be informed of avail-
ability only after a reply was received. Other lights on the set
indicated conditions such as a line failure or faulty operating pro-
cedure.

Reservations Offices under the computerized technology have Agent
Sets which are directly linked to a central computer installation.
The sets are much more sophisticated than those used in the semi-
automatic system and, in conjunction with the computer, provide a
much faster means of processing the necessary data in the system.
The Agent Set shown in Figure F-2 comprises three components:
The Air Information Device (AID), the Routine Action Pushbutton (RAP),
and the Input/Output Keyboard and Typewriter (I/O). The AID is used
in conjunction with a flight card (similar to the destination plate
used in the semi-automatic system) which contains groups of flights
to particular destinations. At the bottom of the flight card is a
configuration of prepunched holes. Information on seat availability
is obtained by inserting the card into the AID, which senses the holes,
and keying in the desired date on the RAP. In reply, the status of
each flight on the card is indicated by a row of lights located next
to the flight card. To sell or reserve seats, the required information
is input by depressing the AID flight button corresponding to the
desired flight, entering the complete Passenger Reservation Record on
the I/O typewriter and pushing the buttons for the desired date and
the number of seats on the RAP; the transaction is completed by striking
the "sell" button on the RAP (which also has buttons for initiating
"cancel" and "ignore" transactions). The I/O is also used to obtain
flight information and to receive and/or alter existing PRR's.

Cutting across and largely independent of technological changes
are divergencies between airlines in their way of organizing the re-
ception of incoming calls at Reservation Offices. In Airline N, one
group of Agents handles interline, ticket office and "direct" (genera!
public) calls, and another travel agent and commercial account calls.
Airline P maintains a separate group for handling commercial accounts
only, all other calls going to the second group of agents. In both
airlines there are separate telephone lines for each category of
customers and distribution to the appropriate group of agents is by
an automatic switching device. At those times when all agents are
busy, all new calls are queued up and distributed in order of arrival
as agents become available.

The length of time each call has to wait in the queue is automa-
tically recorded and the accumulated records provide a form of control
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on office performance and are used to determine manning requirements;
companies aim to keep the number of Sales Agents large enough for
about 90% of the incoming calls to be answered in less than 20 seconds
from their arrival in the queue. Also recorded is the time required
to service a call, which depends on its source and the nature of the
information involved. On average, calls take about 3 minutes to pro-

cess. Many callers inquire about flight schedules, fares, and other
information, but calls do not result in bookings; in general, the
ratio of calls to number of passenger boarded varies between 2 and 4
in one firm and 5 to 6 in the other.

City Ticket Offices

In contrast to the Reservation Office where all contacts with
the public are via telephone, City Ticket Office (CTO) functions
involve face-to-face contact. Activities include making reservations,
issuing tickets, and planning itineraries. These same services are
also provided by the Reservation Office and Airport Ticket Office,
but the City Ticket Office is a convenience for the customer. CTO's

are usually maintained in large hotels, shopping centers, and other
areas which are accessible to a large number of people.

The functioning of ticket offices have been affected very little
by the changes in reservation technologies. Except in extremely busy
offices there are no Agent Sets. Instead, reservation and ticketing
information is relayed through the Reservation Office. When a ticket
is picked up, the Ticket Office salesman notifies the Reservation
Office so that the Passenger Reservation Record can be brought up to
date. With the increased use of ticketing by mail, City Ticket Offices
service a smaller percentage of passengers.

Airport Office

The basic process of boarding passengers onto the aircraft
involves several standard activities which include processing reser-
vations, checking baggage, assigning seats, processing information
required for providing special services, and compiling flight reports.
The differences in procedures used to effect these functions derive
from the type of passenger serviced as well as the state of the tech-
nology. The information in Table F-1 summarizes these differences.

The processing of reservations under each technology is accom-
plished in the same way as in the corresponding Reservation Office.
This applies to both origination of reservations and alteration of
existing ones.

Passenger baggage processing has been influenced by the state of
the aircraft technology. In 1961 when the manual (Firm N) and semi-
automatic (Firm P) reservation systems were in use, the weight of
baggage was needed to allow the load within the plane to be balanced.
However, the subsequent deployment of larger aircraft on domestic
flights (Firm N) reduced this requirement to the point where only
tagging of the baggage to the appropriate destination is necessary.
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On transoceanic flights load distribution remains critical and this
accounts for the continued weighing of baggage at Firm P, an
international carrier.

This same factor requires Firm P to assign seats to passengers
at the counter in order to accomplish the proper distribution of the
passenger and carry-on baggage portion of the total weight. Firm
N, which has no such restrictions, allows passengers to choose
their seat at the boarding gate.

The basic function of processing information for providing both
internal reports and special passenger services involves obtaining
pre-flight summaries of various types of data from the Passenger
Reservation Records and compiling other summaries of post-flight
data. In the manual and semi-automatic systems the information was
communicated to and from the reservation control points via tele-
type with some control processing done at all points; the same
occurs at Firm P even under the computerized technology. At Firm N
however, the computer usurps some of the processing activities and
the resulting lists are transmitted via the Agent Set to the proper
location. In particular, the computer is used by the Ticket Lift
Agent (Job Code N2-2f) to perform the following:

1. Preliminary Meal Ordering: Three hours before the
scheduled departure of a flight a list is extracted which
indicates the number of coach and first class meals which
are required for passengers who have reserved seats up to
that time. The orders which are transmitted via telauto-
graph to the kitchen facilitate meal planning.

2. Final Meal Ordering and Special Services: A summary of
special meal information such as dietary or kosher meals
requested at the time o. reservation is obtained. Also an
up-to-date summary of coach and first class meal require-
ments to reflect late bookings is obtained one and one-half
hours before departure. These are then communicated to the
kitchen which changes the preliminary meal order. The special
meal requests along with other passenger and flight infor-
mation is recorded on a standard report form which is given
to the stewardess so that the special in-flight services
can be efficiently and accurately provided.

3. Post-Departure Leg and Load Reporting: Based on the actual
number of boarded passengers of each class bound for each
destination in the flight schedule, the number of seats
available for subsequent legs of a flight (a leg is that
portion of the flight from a take-off to the next landing)
is updated to reflect booked passengers who did not show
for boarding (noshos) and passengers who, had no reservation
records at the time of boarding (norecs). The load data
which is entered into the computer allows reservation offices
in cities where the flight is to land to make last minute
bookings.

4. Post-Departure Reconciling: The flight coupons collected at
the departure gate and an alphabetized name list, supplied by
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the computer, of passengers (by class and destination) who
have reserved seats are reconciled by the Ticket Lift Agent
after the flight leaves the airport. "Noshos" are deleted,
and "norecs" are added 'Co bring the computer list up to date.
The computer then performs a check by comparing the adjusted
name list of passengers by class and destination to the load
report (3 above) and any discrepancies which are printed out
on the I/O typewriter are traced by the Ticket Lift Agent.

5 Statistical Reporting: A compilation of "noshos," "norecs,"
cancellations, and meal adjustments are entered into the
computer.

Central Facilities

Of all the components of the passenger reservation system, it is

the central facilities which have been most extensively transformed by
the impact of technological changes. What even a very few years ago
were slow and cumbersome record maintenance and processing centers
have evolved into high speed nerve centers of the system, capable of
dealing with ever increasing volumes of information in real time, i.e.,

responding within fractions of a second to incoming requests and data.

Under the manual system (Firm N) the function of the central
facility was essentially one of seat inventory control. As each re-
servation for a particular class of seat on a particular flight was
made at a local office and teletyped to Central Control, the number
of available seats was correspondingly reduced until a predetermined
level was reached. A message to this effect was then teletyped to
the Reservation Offices. A large staff was required to perform this
operation and the possibility of errors and confusion was ever present.
In addition to the updating of seat inventories, wide discretion was
exercised over the holding and releasing of blocks of seats.

The semi-automatic system (Firm P) incoroporated a central facility
which consisted of a Reservation Control Group and a Central Processing
group. The former performed the seat inventory control function des-
cribed above. Central Processing, which was linked to all the Agent
Sets in the country as well as to the Reservation Control Group, was
equipped with a master control board and 38 flight racks. Each rack,

about 7 feet high, 5 feet wide and 1 foot deep, was laid out with a
matrix having up to 50 flight legs down the side and 31 days across
the top. Thus, each cell of the matrix corresponded to a particular
flight leg and date. In each cell were three jacks for indicating
flight status--one representing "open seat" availability (i.e., sell
and report), the second request status (i.e., request and reply), and
the third the wait list--closed condition (i.e., no seats available
but accept name so that a seat can be reserved in the event of a
cancellation). Initially plugs were inserted in all the "open avail-
ability" jacks. When the Reservation Control Group, which updated the
number of seats available as it received sell reports, found that the
predetermined "cushion" had been reached for a particular flight, it

notified a Central Processing Agent who inserted a plug in the "re-
quest" jack. When all seats were sold, Reservations Control again
notified the Central Office and a plug was inserted in the "wait list-

closed" plug.
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When an electrical query from the Agent Set in the Reservations
Office arrived at the master control board it was interpreted to
identify the set of flights or flight legs and the date and was dis-
tributed to the corresponding cell. The nature of the response trans-
mitted back to the Agent Set was determined by which jack in the cell
contained the plug. Since up to about 50,000 cells had to be main-
tained, the main function of the personnel at the Central Office con-
sisted of receiving status change notifications from Reservation Control
and inserting plugs in the appropriate jacks.

Unlike the manual system in which passenger boarding was con-
trolled from the control section of the loc.al reservation office, the
semi-automatic system used the Central Reservation Control Group to
perform this function. It required the compilation of a passenger
name list from the existing Passenger Reservation Records each of
which was recorded on individual reservation cards. The list was
then teletyped to the Airport Office at a particular time prior to
flight departure.

The "nerve center" of the computerized technology is the c_ntral
facility. In both Firm N and Firm P it consists of a complex inter-
relationship of computers and peripheral equipment (hardware) and
programs (software) for accepting and processing messages. The main
difference between the central facilities of the two firms is the
existence of a Reservation Control group at Firm P, the reason for
which is the international character of the service rendered. The
group is needed to coordinate the activities of North American Offices
(all of which have Agent Sets directly linked to the computer by high
speed transmission lines) and Overseas Offices (most of which have no
Agent Sets and are linked via teletype lines). The coordination con-
sists of performing essentially the same function as under the semi-
automatic technology -- updating of seat inventories and issuance of
pre-departure passenger lists. The requirement for this coordination
will diminish as the Overseas facilities become more compatible with
those of North America. Even at this writing Agent Sets are being
installed in major overseas offices and programs are being completed
for implementation of the first of these functions on the computer.

The functions performed by Reservation Control are carried out
with the aid of the computer. As the report of each sale is received,
it is punched in code form on a paper tape. After several reports
have been recorded, the tape is run through a tape-to-card converter
which produces a card for each segment* of every passenger's flight.
The cards, which are then sorted by segment, provide the basis for
updating the seat inventories. In addition, a teletype tape is cut
from the cards z,.nd is transmitted 6 hours before departure time to
the airport where it prints out a passenger name list.

Firm N, all of whose offices are in North America, make., full use
of the computer for updating seat inventories and for departure pro-
cessing (see preceding discussion of Airport Office).

A flight segment is that portion of a passenger's flight from boarding
to deplaning. Thus a passenger's itinerary can consist of one or more

segments.
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Besides the Reservation Control group, Firm P maintains a central
EDP system which is very similar to that of Firm N. Each aspect of
the system -- real time characteristics, hardware, software, use of
memory storage, and interline processing procedures -- is comparable
in both firms, and therefore, the description of the state of the
technology in one firm is sufficient to obtain an understanding of the
nature of the EDP system. Thus, the specifics of the first four aspects
apply to Firm P while the details of the interline processing procedure
refer to Firm N.

Real Time Characteristics -- Messages arrive from Agent Seta and tele-
types at random times and vary in length and nature. In addition, the
sequence of operations required to process these messages is unpre-
dictable. Despite these non-repetitive cycles of events, several
transactions must be in the computer at once to fully utilize the
systems capability to handle the large volume and variety of messages
received. This time sharing process is controlled by a program which
is described in the discussion of software.

Hardware -- The equipment comprising the duplexed data processing
system consists of IBM 7750 programmed transmission control units,
IBM 7080 data processing systems, drum files, and disc files. The
7750 assembles and prepares messages entering and leaving the 7080
system. In addition to a standby unit, there is a second 7750 for
accepting high speed line messages, and a third 7750 for messages
coming from the low speed teletype lines. Two 7080's are used one
at a time for on-line processing of messages originating from Agent
Sets. The second unit performs off-line processing, consisting of up-
dating of files for on-line use, future program testing and preventive
maintenance. The core memory of the system which contains 4 storage
units holds 480,000 characters. Access time is of the order of one
millionth of a second. This is supplemented by several drum and disc
files. Each drum file which is a magnetic storage device has a capacity
of 1 million characters and an access time of 8-10 milliseconds. The
random access disc files has a 50 million character capacity and a
50-180 millisecond access time.

Software -- The complexity of the reservation system requires hundreds
of programs to process the variety of information generated. Control
of seat inventory, maintenance and retrieval of passenger records,
compiling lists of information selected from various records, are
only a few of the functions performed by the system. The programs
which accomplish this can be categorized into three main types --

on -line, off-line, and control.

The main function of the on-line or operational programs is to
provide real time processing of messages from Agent Sets and teletype
sets. There can be as many as 500 of these programs, each one being
used for a particular processing activity such as updating the seat
inventory of a flight after a sale or cancellation, accepting a pas-
senger record and transferring it to the appropriate drum or disc file,
obtaining all or part of a passenger record from one of these files
for transmission back to the agent or for making a change in it, and
searching flights for a particular passenger record.
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Off-line programs prepare or change existing files. This includes
changes of flight schedules, preparation of files for reception of
on-line records, and preparation of lists of information obtained from
several passenger records (i.e., passenger name lists by class of
service, special facts lists, ticket option lists, etc.), For example,
in Firm N, if no indication is received from the Agent Set that a
ticket has been picked up within the time limit specified in the PRR,
the space is automatically cancelled (except for long itineraries).

The control programs regulate the order and priority in which
information is processed by inspecting each input and calling into
use :he appropriate operational program, The control program also
makes possible the time sharing of the computer and the various com-
ponents of the system. For example, when a stored record is needed
to complete the processing of a particular input, the operational
program requests the record from the drum or disc storage. During
the time required to obtain this record, the control program causes
the computer to move on to some other item awaiting processing, while
preserving the transaction in process. When the required record has
become available for use 'oy the operational program, the ..,ontrol pro-
gram will reactivate the processing of the preserved transaction.
Upon completing this transaction, th% operational program signals the
control program which arranges to send the answer back to the originator
and also returns P.Iny records to the appropriate storage file.

Other control program functions include monitoring of the amount
of core storage available, controlling activity of off-line programs,
providing for communication between active and standby computers,
identifying lags, and resolving errors.

Use of Memory Storage -- As mentioned previously, both drum and disc
files are utilized for storage of records. The drum file, with its
fast access time, is used to store records which are referred to fre-
quently. Examples of these are: 1) commonly used operational pro-
grams and 2) seat availability records for flights departing within
a short period of time.

The disc file, whose access time is about 10 times that of the
drum file, is used for 1) seat availability records for flights de-
parting in the more distant future and 2) for passenger reservation
records. The latter take up about 80 percent of the disc file capacity,

Interline Processing Procedures -- In.:erline transactions which pre-
viously required many separate messages and communications have been
greatly simplified. In Firm N for example, any segment of a trip which
involves connection with another airline is entered into the Agent
Set. The message is then compiled in accordance with the standard
interline machineable message format including the proper address and
code directing characters and sent to the other airline via the com-
munications system. If an answer is not received within a specified
period cf time, a follow-up reply request is automatically initiated
by the system. When the answer is received the PRR is automatically
brought up to date and sent to the city in control of the passenger
so that he can be contacted if necessary.
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Communications Network

The entire communications network utilized with the manual system
consisted of teletype lines extending between the local offices and
central control. This was augmented in the semi-automatic system by
the network of links between Agent Sets and the Central Office.
Several Agent Sets in one location were connected locally to a central
point which was in turn linked via telephone wires to the master con-
trol board.

The advent of the computerized passenger service system required
a much more complicated and extensive network of communication facilities
to connect all the agent sets throughout the country to the Central
Electronic Data Processing System. The equipment utilized by Firm P
to connect the, Agent Set to the Central EDP is very similar to Firm N's
and is represented in Figure F-1.

A remote Agent Set transmits serial binary data to a data subset
which converts (modulates) it to voice frequency tones and sends it
over low speed (about 100 bits per second) telephone transmission lines
to another data subset which reverses the process (demodulates) and
sends the binary data to a terminal interchange (TI). Agent Sets on
the same premises as the TI transmit directly by cable without the
use of subsets. About 30 agent sets are connected to each terminal
interchange which assembles and stores messages. Installed at the
TI is a data subset which multiplexes and modulates the stored infor-
mation and sends it over high-speed (2700 words per minute) transmis-
sion lines to another demodulating data subset at the EDP Center. The
data entering the EDP system comes from this data subset. The whole
process is reversed for data going from the EDP Center to an Agent Set.

The network of teletypes maintained by Firm P is connected to the

Central EDP as shown in Figure F-2 . Teletypes throughout the country
are tied into a central electronic switching device which routes in-
coming messages to the proper location, whether they are other tele-
types or the Central EDP. About 75,000 incoming and 85,000 outgoing
messages are handled each day.
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2. INFORMATION FLOW AT EACH TECHNOLOGY LEVEL

Manual Systems

In the earliest manual system known as the "Request and Reply"
System, the Reservation Agent had to initiate a teletype message to
find out if space-,was available every time a customer requested a seat.
The resulting large number of communications required made this system
very slow and led to its replacement by the "Sell and Report" system
which is described below and represented diagramatically in Figure F-3.

The booking process is initiated by the customer (designated by
the "x" on the customer block) who calls the Reservation Office (1)
to inquire about flight availability and schedules. The Reservations
Agent confirms a seat on the selected flight (2) and records reser-
vation information pertaining to the passenger (3) on a card. This
passenger reservation record (PRR) is sent to the local control section
of the reservation office (4). If the reservation is for a flight
departing from an airport in another city, the PRR is teletyped to the
reservation office there (5). On the other hand, if a flight departs
from the local airport, the PRR is filed along with other reservations
for that flight, including those made at other reservation offices(6).
The local control agent reports the reservation to Central Control (7)
which keeps track of the number of seats sold on all flights. When
all but a few seats on a particular flight have been sold, Central
Control sends a "Stop Sale" message to all Reservation Offices (8) via
teletype. This lower-than-capacity limit is established to cushion
the effect of reports of reservations which might be enroute from
local control to Central Control during the period that the stop sale
message is en route from Central Control to local control. After a
particular flight has been put on stop sale, the Reservation Agent
reverts to the Request and Reply system to secure space on that flight.
When all seats have been sold on the flight, central control transmits
a "closed" message to the Reservation Offices (8). A board at the
front of the Reservation Office is used to indicate the current daily
status of high activity flights (usually local departures) leaving
during the following month. When a flight is requested by a customer,
the Reservation Agent looks at this board to determine if the flight
is open (i.e., "Sell and Report"), partly closed (i.e., "Request and
Reply"), closed (i.e., put on wait list or suggest another flight) or
not scheduled (i.e., suggest another flight).

If the customer chooses to pick up his ticket at a Ticket Office,
local control sends itinerary, rate, passenger and other ticketing
information to the Ticket Office (9) which issues the ticket to the
customer (10). Prior to the departure of a particular flight, local
control teletypes a passenger list, meal order, and other pre-flight
information to the airport (11). When the customer arrives at the
airport, he is checked in and his ticket coupon is collected (12).
After the flight departs, the coupons received are reconciled with
the passenger list. Passenger statistics are then compiled and sent
to the appropriate destinations (13).
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Although variations in the information flow can occur, they do
not significantly alter the process. When a customer makes a reser-
vation at the airport, the Reservation Agent there follows the same
procedure used at the Reservation Office. Similarly, when a ticket
is obtained at the airport, the same course of action is followed as
at the other ticket offices. Also, space for connecting passengers
can be secured at other airlines by means of a teletype link between
offices of the airlines.

The customer may call to obtain other information than that per-
taining to flight schedules. In this czise, the Reservation Agent
provides the information by contacting local Reservation Control in

his own Reservation Office, teletyping the control section of another
Reservation Office, or teletyping Central Reservation Control. The
source of information depends on the nature of the customer inquiry,
but in any event, teletype provides the main communication link for
most transactions.

Semi-Automatic Systems

Semi-automatic systems like manual systems require close coordina-
tion between Reservation Offices and the Central Reservations Control
unit. However, this coordination is accomplished through the use of
a central electro-mechanical processor which stores and transmits
seat availability information. The flow of information between the
elements providing passenger reservation service is represented
diagramatically in Figure F-4.

The customer secures a seat by initiating (see "x" on border of
customer's box) a phone call to the Reservations Office to obtain
flight schedule information (1). After determining the particular
flight desired by the customer. the Reservation Agent inserts a small
notched metal plate into the "reader" part of his Agent Set. The
notches which identify the flight (and flight legs) labelled on the
plate are sensed and this identity is transmitted to the central
processor (2). The aforementioned communication is in effect an inquiry
regarding seat availability because a flight status reply is received (3)
which indicates by lights on the Agent Set whether a flight is closed
or open. Thus, the Reservation Agent is able to give a prompt reply
(4) to the customer who, when wishil,g to make a booking, supplies his
name, address and other reservation information (5). As with the
manual system, the agent records this information on a card after which
it is teletyped to the Central Reservation Control unit (6). This unit
receives reservation information from all Reservation Offices and keeps
an inventory of the number of seats sold on each flight. When all
seats have been sold for a particular flight, Central Control advises
the central processor unit to close the flight (7). The closing is
accomplished by inserting a plug in the proper jack on a master control
board having jacks for each flight, leg (segment of a flight), and
date. This, in turn, determines the state of the light indicator
on the Agent Sets in all Reservation Offices.

When a customer picks up the ticket, the relevant information obtained
from the Passenger Reservation Record filed in the Reservation Office
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is communicated to the Ticket Office (8) which issues the ticket (9).
A short time prior to the boarding of the aircraft, a predeparture
communication consisting of meal, loading, and passenger information
is sent to the airport from Central. Control (10). Part of this is

used to provide passenger service and the rest is reconciled with the
ticket coupon collected from the passenger at the airport (11). A

post-departure report regarding number of passengers boarded, "noshos"
(customers holding reservations, but not boarding), "norecs" (boarded
passengers who did not appear on pre-departure passenger list), etc.
(12) is compiled and sent to Central Reservation Control.

When a reservation is made or a ticket collected at the airport,
the same procedure is followed as at the Reservation Office. The
Reservation Agent utilizes manual files and records or initiates a
teletype inquiry to provide passenger, fare, schedules of other air-
lines, etc.

Computerized System

The main flow of information in a typical computerized reservation
system is shown diagramatically in Figure F-5. The flow represents
the most common sequence of transactions, from the booking of a cus-
tomer's reservation to his departure on the specified flight.

The process is initiated by the customer (see "x" on boundary of
customer block) who calls the Reservation Office with a query (1)
regarding flights for which he might obtain a reservation. The Sales
Agent who receives the call uses a prescribed format to communicate
the query to the computer (2) via special typewriter. A common type
of query refers to the availability of seats on a given flight. The
EDP determines the proper reply and transmits it back to the Agent's
Input/Output typewriter (3). The Agent relays the reply to the customer
(4) and on the basis of this information the customer makes a reser-
vation (5). To complete the reservation transaction, the Agent elicits
the customer's name, address, and all other relevant information which
constitutes the Passenger Reservation Record, types it directly into
the Input typewriter, and sends it to the EDP (6) by depressing a
specified button. This entry causes the PRR to be filed on a disc
until such time as it is needed, and simultaneously reduces the inventory
of seats still available by one.

When the customer arrives at the Ticket Office to obtain his ticket,
the Sales Agent retrieves from the central disc file the portion of
the Passenger Reservation Record required for ticketing (7) and pre-
pares the flight ticket which is given to the customer(8). The next
transaction occurs at a specified time prior to the departure of a
flight. The Passenger Service Agent retrieves a compilation of in-
formation (9) which the computer has assembled from the records of
all passengers who have reserved space on that flight; this includes
a list of passenger names, the number of meals required for each class
of service, and any other special requests, such as special meals,
wheel chairs, or infant facilities which the Passenger Service Agent
passes on to personnel responsible for providing these services. Next,
he collects the proper flight coupon from the passenger's tickets at
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the boarding point (10). After departure of the flight, the Agent
reconciles the passenger list prepared by the computer with the ticket
coupons collected at boarding. He then transmits a post-departure
report (11) containing various flight statistics, such as the number
of passengers boarding for each class of service and the number of
customers who had made reservations but did not utilize them (noshos).

Several variations can occur in the flow of transactions shown.
For instance, the customer may make a reservation at either the Ticket.
Office or the airport instead of the. Reservation Office. However, the
Customer-Agent and the Agent-EDP transactions are the same at all
three locations. Similarly, the ticket may be issued at the airport
or mailed to the customer in which case the same ticketing procedure
is used as at the Ticket Office. Also, space for connecting passen-
gers can be reserved by other airlines through a hook-up which exists
between central EDP's; the corresponding Passenger Reservation Records
are entered via teletype and transmitted to the central EDP, where
they are stored along with all other flight records. Transactions
(9) - (11) then occur as above.

The syst_m described here is common to both Firm N and Firm P
with one exception. Instead of the computer, Firm P employs a Central
Reservation Coitrol Section to maintain the seat availability inventory
and the Reservations Office Agent merely receives a "flight open/
closed" message.
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3. METHOD OF DERIVING SKILL LEVEL VALUES FROM JOB EVALUATION SCHEMES

Airline N

The job evaluation scheme is applied to non-management salaried
jobs and has been in use for several years prior to the introduction
of the EDP system. The following seven factors, each having several
degrees with corresponding point values, make up the plan:

1. Training and experience

2. Initiative and Supervision Received

3. Mental application

4. Responsibility for accuracy

5. Contacts

6. Physical effort

7. Working conditions

In the study the point ratings of factors 1, 3 and 5 have been
totaled to obtain skill level values. These factors are defined as
follows:

TRAINING AND EXPERIENCE "considers the knowledge and background
required to do a job. It measures skill, specialized knowledge,
education and working experience. These measurements are af-
fected by complexity of the duties to be performed."

MENTAL APPLICATION "considers those job activities that cause
mental fatigue. It measures the difference in demands on thought
processes such as judgement, concentration demands and pressures.
These measurements are affected by both intensity and duration."

CONTACTS "considers the job requirements for relationships with
others. It measures the differences in such activities as tele-
phone, personal, and written contacts and the purpose of contacts.
These measurements are affected by the difficulty and frequency
of contacts."

The range of points and the number of discrete point values that
each factor can assign to a job are as follows:

No. of Possible Values Range
Training and experience 6 25-250

Mental application 9 15-200

Contacts 9 12-150

Airline P

Skill ratings for Airline P jobs were estimated by its management
personnel using Airline N's job evaluation plan.
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4. DERIVATION OF VOLUME DATA (Passengers/Month)

Manual System N1

Reservations Office
Airport Ticket Offices
City Ticket Offices

Area Control

Computerized System N2

Reservations Office
Airport Ticket Offices
City Ticket Offices

EDP Operations

Semi-Automatic System P1

Reservations Office
Ticket Office
Airport Office

Reservations Control
Central Processing

Computerized System P2

Reservations Office
Ticket Office
Airport Office

Reservations Control
EDP Center

mcrrunmr,romnrmr-r.,,rrTy-;,,-1,^,1,r,--7-,
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Average of 24 monthly volumes of pas-
sengers boarded on flights originating
from San Francisco and Oakland during
1960-1961

Average of 24 monthly volumes of pas-
sengers boarded on all flights of the
airline during. 1960-1961

Average of 21 monthly volumes of pas-
sengers boarded on flights originating
from San Francisco and Oakland during
1965-1966

Average of 21 monthly volumes of passen-
gers boarded on all flights of the air-
line during 1965-1966

Average of 12 monthly volumes of pas-
sengers boarding flights in San Fran-
cisco during 1961

Averacie monthly volume of passengers
boarded on all flights of the airline
during 1961 (based on yearly figure
provided in annual report)

Average of 12 monthly volumes of pas-
sengers boarding flights in San Fran-
cisec during 1966

Average monthly volume of passengers
boarded on all flights of the airline
during 1966 (based on yearly figure
provided in annual report)
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Computerized System P2

Reservation Office
Ticket Office

Airport Office

Reservations Control

EDP Center

Average of 1966 monthly manpower
utilization reports

Average of 1966 biannual manpower
utilization reports

Average 1966 manpower utilization
(Obtained from available records
and management estimates)

Average 1966 manpower utilization
(Obtained from available records
and management estimates)
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6. RAW DATA USED FOR SKILL PROFILES

Job Job
Code D.O.T. No.

F-27

Skill Manhours
Job Title Level Per Month

Ni MANUAL PROCESSING

19,000 Passengers/Month)Reservation Office (Volume:

NI-la 203.558 Teletype Operator'A 138 693.3
NI-lb 203.558 Teletype Operator B 138 520.0
N1-1c 202.388 Stenographer-Clerk 158 173.3
N1-1d 206.338 Records Clerk 165, 173.3
N1-le 235.862 Telephone Operator 190: 866.7
N1-1f 235.138 Lead Telephone Operator 190- 173.3
N1-1g 203.138 Lead Teletype Operator A 190 173.3
N1-1h 201.368 Secretary 231* 173.3
N1-li 912.368 Reservations Salesman 265 6066.7
N1-1j 912.368 Part-Time Reservation Salesman 265 520.0
N1-1k 912.368 Reservations Control Agent 280 5720.0
N1-11 912.368 Reservations Control Agent 306 1040.0

Airport Office (Volume: 19,000 Passengers/Month)

N1-2a 912.368 Ticket Lift Agent 262** 1386.7
N1-2b 919.368 Passenger Service Representative 265 693.3

N1-2c
j912.368'
919.3681-

Ticket Salesman 385 2426.7

City Ticket Office (Volume: 19,000 Passengers/Month)

N1-3a 201.368 Secretary 231* 173.3
N1-3b 919.368 Ticket Salesman 360 2808.0'`d(

Central Control Group (Volume: 675,82; Passengers/Month)

N1-4a 201.368 Secretary 231* 173.3
N1-4b 912.368 Reservations Control Agent 280 11960.0
N1-4c 912.368 Reservations Control Agent 306 346.7

N2 COMPUTER PROCESSING

Reservations Office (Volume: 28,045 Passengers/Month)

N2-la 203.558 Teletype Operator 138 173.3
14?-lb 206.338 Records Clerk 165 173.3
LZ-lc 235.862 Telephone Operator 165* 386.5
N2-1d 201.368 Secretary 231* 173.3
N2-le 912.368 Reservation Service Agent 261 1196.0
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N2 COMPUTER PROCESSING (Cont'd)

Job Job

Code D.O.T. No, Job Title

Reservations Office (Cont'd)

N2-1f 912.368 Reservation Salesman
N2-1g, 912.368 Part-Time Reservation Salesman
142-1h 912.368 Reservation Service Agent

Airport Office (Volume: 28,045 Passengers/Month)

N2-2a 201.368 Secretary
N2-2b 919.368 Passenger Service Representative
N2-2c 919.368 Utility Agent
N2-2d 919.368 Domestic Arrival Salesman

N2-2e
J912.3681
4919.3681

Ticket Salesman

N2-2f 912.368 Ticket Lift Agent
N2-2g 912.368 Baggage Service Agent
N2-2h 919.368 Departure Salesman

City Ticket Offices (Volume: 28,045 Passengers/Month)

N2-3a 201,368 Secretary
N2-3b 919.368 Ticket Salesman

EDP Operations (Volume: 1,042,206 Passengers/Month)

N2-4a 237.368 Receptionist
N2-4b 206.338 Records Clerk
N2-4c 213.582 Key Punch Operator
N2-4d 201.368 Secretary
N2-4e 213,382 Console Operator
N2-4f 219.388 EDP Service Agent
N2-4g 213.382 Senior Console Operator

N2-4h {
219,388
020'
1219.3881

Programmer Technician

N2-4i
1020.1881.
4219.388/

Programmer

N2-4j 020.168 Senior Programmer
N2-4k 012.168 Senior System'Analyst

J.

Estimated by Researchers
J.J.

Estimated laitY Management and Supervisory Personnel

Skill

Level

Manhours
Per Month

280 6957.6
280 197.6
325 906.5

231" 173.3
265 592.8
265** 395.2
265** 147.3

385 3705.9

387** 2508.1
472** 386.5
500** 173.3

231* 208.0

360 3344.7***

15e: 173.3,

165* 173.3'
177 346.7,

231* 173.3'
450 1733.3
450, 346.7
45e 520.0

485* 173.3

485* 866.7

173.3

550" 346.7

***
These manhours include secretary and supervisor time spent as ticket

salesman.
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Job

Code
Job

D.O.T. No.

P1 SEMI-AUTOMATIC PROCESSING

Job Title

F-29

Skill** Manhours
Level Per Month

Reservation and Ticket Office (Volume: 8,100 Passengers/Month)

P1 -la 231.588
P1 -lb 235.862
Pl-lc 206.338
P1 -ld 919.368
PI -le 203.558
PI-1f 211.368
PI-1g 912.368

P1 -lh 912.368

P1 -li 201.368
P1 -lj 206.338

P1 -1k 201.368

P1-11 912.368

P1 -lm 919.368

P1 -1n 912.368

P1 -lo 912.368

P1 -lp 912.368

Pl-lq 912.368
P1 -lr 919.368
P1 -ls 919.368

Mail Clerk
Telephone Operator
File Supervisor
City Check-In Agent
Teletype Operator
Cashier
Tourist Card Preparation Agent
Domestic and Interline Desk
Agent

Secretary
Central File Agent
Passenger Reservations
Correspondence Agent

Telephone Sales Agent/
Agency - II

Prepaid Sales Agent
Telephone Sales Agent/

Agency - I

Telephone Sales Agent/Direct
Telephone Sales Agent/

Commercial
Group Sales Agent
Rates and Ticketing Agent
Counter Sales Agent

Airport Office (Volume: 8,100 Passengers/Month)

P1-2a 912.368
P1-2b 201.368

P1-2c
912.368
919.368

P1-2d
j 912.368 t
1 919.368 /

P1-2e 912.368
P1-2f 912.368
P1-29 912.368

85 173.3
85 329.3
85 173.3

110 364.0
110 676.0
126 571.9
146 156.0

146 398.7

155 173.3
161 1178.6

165 294.7

200 1248.0

225 242.7

243 520.0

288 1473.3

288 398.7

313 901.3
318 710.7
343 1317.3

Baggage Representative 190
Secretary 250

Passenger Service Representative 315

520.0

173.3

1386.4

Sales Agent 315 520.0

Concourse Supervisor 365 520.0
Counter Supervisor 387 520.0
Load Control Supervisor 420 520.0

Central Reservations Control Office (Volume: 316,250 Passengers/Month)

P1-3a
P1-3b

201.368
912.368

Secretary
Control Agent

231* 693.3
280* 25128.5
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P1 SEMI AUTOMATIC PROCESSING (Cont'd)

Skill**
Level

Manhours
Per.Month

Job
Code

Job

D.O.T. No. Job Title

Central Processing Office. (Volume: 316,250 Passengers /Month)

P1-4a 912.368 Sales Agent - II 161* 346.7

P1-4b 912.368 Sales Agent - I 181* 346.7

P2 COMPUTERIZED PROCESSING

Reservation and Ticket Office (Volume: 15,500 Passengers/Month)

P2-la 231.588 Mail Clerk 85 173.3
P2-lb 235.862 Telephone Operator 85 346.7
P2 -lc 203.558 Teletype Operator - II 85 202.2

P2-1d 201.368
Passenger Reservation Correspon-

dente Agent - II
85 223.8

P2-le 912.368 Destination Card Preparation Clerk 85 173.3
P2-1f 919.368 Ticket Preparation Agent 103 765.4
P2-1g 203.558 Teletype Operator - I 110 173.3

P2-1h -919.368 City Check-In Agent 110 242.6
P2-li 211.368 Cashier 126 294.6
P2-1j 912.368 Domestic Desk Agent 146 332.2
P2-1k 201.368 Secretary 155 173.3
P2-11 912.368 Sales Service Agent - II 161 918.5

P2-1m 201.368
Passenger Reservation Correspon-
dente Agent - I

165 173.3

P2-In 912.368 Sales Solicitation Agent 190 173.3
P2-lo 919.368 Refund Desk Agent 200 164.6
P2-lp 919.368 Prepaid Sales Agent 215 397.1

P2-1q 912.368
Telephone Sales Agent/Direct and

Agency - II
243 4003.2

P2-1r 201.368 Reservations. Coordinator 245 173.3
P2-Is 912.368 Sales Service Agent - I 263 173.3

P2-1t 912.368
Telephone Sales Agent/Direct and

Agency - I

313 520.0

P2-1u 912.368 Group Sales Agent 313 937.3
P2-1v 912.368 Telephone Sales Agent/Commercial 313 527.1

P2-1w 919.368 Counter Sales Agent 343 1597.2
P2-1x 919.368 Rate Quotation Agent 365 446.2
P2-ly 919.368 Travel Consultant 390 346.7

Airport Office (Volume: 15,500 Passengers/Month)

P2-2a
1912.3681
4235.862'

Clerk 145 520.0

P2-2b 202.388 Clerk Stenographer 181 173.3

P2-2c 919.368 Employee Ticket Representative 225 433.3
P2-2d 201.368 Secretary 250 173.3



P2 COMPUTERIZED PROCESSING

Job
Code

Job
D.O.T. No. Job Title

F-31

Skill Manhours
Level Per Month

Airport Office (Cont'd)

Receptionist
Load Control Representative
Baggage Representative

Passenger Service Representative

Special Services Supervisor

Sales Agent

Counter Supervisor
Load Control Supervisor

252
270
290

315

34o

36o

387

420

260.0
173.3
606.6

3639.3

520.0

520.0

693.2
520.0

P2-2e
P2-2f
P2-2g

P2-2h

P2-2i

P2-2j

P2-2k
P2-21

919.368
912.368
912.368

1

'919.368 1
912.368f
919.368

4

919.368 t

(912.368 1
912.368
912.368

Central Reservation Control Office (Volume: 608,600 Passengers/Month)

P2-3a 201.368 Secretary 231, 866.5

P2-3b 912.368 Control Agent/Message Center 250 24608.6
P2-3c 912.368 Control Agent 280)' 2252.9

Central Electronic Data Processing Center Volume: .608,600 Passengers/
Month).-

P2-4a 206.338 Schedule Clerk 165 867.0

P2-4b 213.582 Key Punch Operator 177 87.0
P2-4c 201.368 Secretary 231 173.0
P2-4d 213.382 Tape Changer 450 728.0
P2-4e 213.382 1401 Operator 450 728.0
P2-4f 213.382 Console Operator 450 364.0

J.

Estimated by Researchers.

All skill level values in this column estimated by company
management personnel unless otherwise indicated.
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7. DETAILED SUMMARY OF STATISTICAL TREATMENTS USED

a) "t"-Test for Differences between Mean Skill Levels

A full tabulation is given of technologies and their
corresponding mean skill levels and variances (72).

Next the rises in mean skill level are shown, followed
by the calculated value of "t", the degrees of free-
dom (D.F.) and the significance level.

b) Analysis of Variance in Skill Distributions (Profiles)

Apart from the sources of variance, this more detailed
table shows

and

Degrees of Freedom - D.F.

Sums of Squares - S.S.

Mean Squares - M.S.

Variance Ratio - V.R.

Skill levels are denoted by SL, technology levels by
T and firms by F.

Improved estimate of residual variance was obtained by
pooling the sums of squares and the degrees of freedom
of the original residual estimate and of the I x F
interaction. The mean squares of the SL x T and SL x F
interactions and of the main effects were tested against
this improved estimate.
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Technology
Mean Skill

Level

2
a

Rise in Mean-
Skill Level

t D.F.
Significance

Level

Manual 280.5 3806.9
42.4 4.63 204 P < .001

Computerized 322.9 4212.0

Semi-Automatic 251.5 8247.8

Computerized 261.4 7520.5
9.9 1.03 344

Not

Significant

TABLE F-2: STATISTICAL DATA FOR TESTING DIFFERENCE BETWEEN MEAN SKILL

LEVELS AT EACH TECHNOLOGICAL LEVEL.

Skill

Level

Techno ogy 1 Technology 2
Firm 1 (N1) Firm 1 (P1) Firm 2 (N2) Firm 2 (P2)

Low

Medium

High

6.4

87.5

33.1

35.0

85.2

79.o

0.6

37.9

39.7

22.3

57.4

66.5

146.2Totals 127.0 199.2 78.2

TABLE F-3; MANHOURS PER UNIT CLASSIFIED BY SKILL LEVEL, FIRM, AND

TECHNOLOGY.

Source of
Variance

D.F. SOS. M.S. V.R.
Significance

Level

Between
Skill Levels

Between
Technologies

Between
Firms

SL x T

SL x F

T x F

Residual

!mproved
Residual
Estimates

Total

2

1

1

2

2

1

2

3

11

5640.06

863.60

1638.00

726.64

375.55

0.54

235.64

236.18

9482.03

2820.03

863.60

1638.00

364.32

187.78

0.54

117.82
r

78.73

35.82

10.97

20.81

4.63

2.39

P < .01

P < .05

P < .025

TABLE F-4: ANALYSIS 0:61IANCE SUMMARY
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1. DEVELOPMENT OF INDIVIDUAL SKILL SCALE GROUPINGS

As explained earlier, the skill point scores for the jobs in
each process were determined with reference to the job evaluation
scheme used in the corresponding company or industry. Since the
schemes differed, the peculiarities of each had to be taken into
account when grouping skill scores into the six or seven levels making
up the skill profiles, and shown in the tables and figures in the
chapters describing the individual processes. As far as possible
equal groupings were used, but this could not always be done due to
gaps and discontinuities in the sequence of skill scores in some of
the job evaluation schemes. The further condensation of skill levels
into the low, medium, and high skill categories used in Chapter 8
was accomplished by grouping two or three adjacent levels depending
upon the characteristics of the distributions.

COMPARISON OF INDIVIDUAL SKILL SCALES

The comparability of the different skill scales of each process
evaluated in two ways. First, the break points between low and

medium, and between medium and high skill groups were analyzed to
determine if they are consistent across scales. This was done by sub-
jectively matching jobs from each process with skill scores falling
on both sides of the break points. Secondly, jobs roughly midway
between the break points were compared to establish the homogeneity
of each of the low- medium- and high-skill categories across the pro-
cesses studied. The titles used for these purposes and their positions
on the respective scales are shown in Figure GI, followed by the cor-
responding job descriptions.

3. CONCLUSIONS

From a comparison of the job content, and particularly the as-
sessment of the amount of discretion allowed job holders close to
each breakpoint it appears that the breakpoints do indeed fall roughly
in the same place across all the several skill-scales. The same also
applies to the mid-category jobs. Thus a score on one scale broadly
represents the same degree of skill as the corresponding score on
another scale. More specifically, the low skill positions require
the job holder to follow simple, closely prescribed procedures oc-
curing in routine sequence. Jobs in the medium skill range, though
they too call for the execution of fairly simple procedures, also
involve some selection between these procedures to accommodate some
variations in demand. The nature of the demands and to some extent
the timing of their occurrence are however largely predictable.
Finally, job holders in the high skill class must be capable of coping
with unpredictable demands, using procedures not fully specified
in advance. The Utilityman (steel), the Paying and Filing Clerk
(bank), and the Group.Sales Agent (passenger reservations) positions
are respective examples of these three types of job demand.
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4. DESCRIPTION OF JOBS NEAR BREAKPOINTS

Low Skill/Medium Skill Breakpoint

Steel

Bank

Oil-Greaser (1.4)--Lubricates equipment as directed, scheduled,
or specified on check off lists and charts; selects proper
equipment to perform the job. Replaces broken fittings,
using easy-out, wrenches, etc. Cleans plugged fittings with

wire. Cleans off dirty fittings prior to lubricating. Operates
mill machinery when necessary to work in lubricants and check
levels and pressures. Inspects equipment for proper main-
tenance of oil or hydraulic fluid levels, adding oil or fluid
as required to maintain levels, inspects to prevent damage
to machinery due to overheating, high bearing temperatures,
etc. Changes oil and hydraulic fluid in equipment as directed.
Following established procedures, sets up proper method for
cooling hot bearings. Adjusts oil flow on pinions, bearings,
etc. Has recourse to Foreman or Millwright on problems
deviating from normal routine.

Assorter Helper (1.5)--Assists catcher to turn over, inspect,
stencil, sort and pile sheets at exit-end of galvanizing
line.

Messenger-Clerk (88)--Maintains, issues and controls branch
supplies. Delivers mail, clearing, supplies and various
other items for the branch. Acts as safe deposit custodian.

Statement Cycling Clerk (92)--Prepares cycle statements for
delivery or mailing to branch customers. Delivers state-
ments to customers, answers telephone inquiries regarding
account status, placing of holds or stop payments or cus-
tomer complaints. Pays and files checks processed through
EDP. Operates NCR or IBM proof machine as necessary. Pre-

pares record changes and various reports for the EDP Center.
Receives and prepares checkbook and deposit slip orders.
Photographs deposit slips and all outgoing clearings.

Machining

Filer and Burrer-Machined Parts (455)--Performs such operations
as removing burrs, sharp edges and scratches and performs
other filing and grinding operations on machined parts, such
as grinding, fairing in and blending radii, chamfering, etc.,
where moderate tolerances are involved. Improvises temporary
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tooling such as holding fixtures required in the set-up
and operation of burring equipment, such as grinders, drill
presses, etc. Selects, dresses and trues own abrasive wheels.
Maintains good shop practice.

Passenger Reservations

Clerk (145)--Answers telephone calls and provides information
regarding arrival and departure times, specific passenger
inquiries and general information inquiries. Teletypes
messages to central reservations control and to downline
offices. Updates arrival and departure board.

Records Clerk (165)--Maintains manuals, records materials and
files. Prepares and maintains routine and moderately complex
records, reports, forms and similar material. Obtains and
compiles data for reports. Tabulates, posts and checks cal-

culations. Types routine letters, forms and other materials.
Performs general clerical duties including sorting and dis-
tributing mail and answering telephone and routing requests
for information. Takes and transcribes dictation as re-
quired.

Oil Refining

No jobs at this level.

Electricity Generation

Oiler (180)--Operates auxiliary equipment, including pumps, con-
densers, oil filters, etc., and lubricates equipment. Assists

other operating personnel as required, does necessary cleaning
and performs minor maintenance work of a preventive or cleaning
nature.

Air Separation

Operator (160)--Monitors operations in the computer controlled
plant to the extent of identifying error messages typed out
on the remote teletypewriters located in his work area; calls
for maintenance or supervisory personnel whenever necessary.

Medium Skill/High Skill Breakpoint

Steel

Annealing Line Coiler (3.2)--Shears the strip and operates controls
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to discharge coils from line. Starts new coils in re-coiler,
trims coils and tack welds coil identity disks. Observes
finished strip for oxide discoloration or oil from reels,
and for scratches. Assists in starting up and shutting down
line and on adjustments and breakdowns. Obtains Rockwell
test samples. Performs tractor work as required. Compiles
production, delay, and special study reports.

Scheduler-Annealing (3.3)--Preplans weekly operation of annealing
line. Using Operating Standard Practices, develops and issues
daily comedown schedules. Supplies order service information
to finishing departments and maintains necessary records and
reports.

Extra Craneman (3.6)--Fills in working time getting tools and
supplies for Electricians and performing miscellaneous duties
in shop until called out to operate any crane in mills re-
quiring operator. Picks up lifts of materials or equipment
as directed; transports, positions, and places them wherever
required. Lubricates crane used as necessary. Inspects
cables and brakes.

Secretary (126)--Takes and transcribes dictation from EDP Center
manager and his assistants. Maintains clerical control of
personnel and operation records, and performs various duties
pertinent to the administration of the EDP Center manager's
functions.

New Accounts Teller A (129)--Opens new checking, savings and
special purpose accounts for individuals, corporations, and
organizations. Prepares and mails form to reference bank.
Orders checks, deposit tickets, and endorsement stamps.
Bills customers' or charges account when necessary. Recon-
ciles branch 'records to monthly bill from printer and pre-
pares entries to proper accounts. Answers customers inquiries.
Accepts commercial and savings deposits. Pays savings with-
drawals and cashes checks. Receives requests for signature
changes on commercial accounts. Receives request for and
delivers statements to customers. Transfers cash received
to teller and obtains receipt or balances daily cash, and trans-
fers excess to Vault Teller.

Audit Clerk C (136)--Maintains records; has custody of reserve
supply of numbered forms and supplies them to departments
upon request. Maintains control of vault supply of traveler's
checks. Maintains furniture and equipment inventory con-
trol. Issues cashier's check in payment of bills incurred
by branch. Searches branch records for information requested
by authorized government agents. Assists in listing and
balancing proofs, counts errors and makes adjustments on the
accounts,services complaints and charges over teller's cashing
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limit. Relieves as Note Teller, New Accounts Teller, General
Ledger Bookkeeper, Reconcilement Clerk, Supply Clerk, etc.
Posts cash control records and compiles cash control reports.
Types revised lists of dormant accounts and posts dormant
charges. Reviews inactive commercial ledgers. Calculates
or checks calculations of overtime pay due staff. Semi-
annually calculates inter-branch expense and note charges.
Annually searches foir records for bank inspectors and answers
queries.

Machining

Duplicating and Profiling Machine Operator (576)--Sets up dupli-
cating and profiling machines to reproduce parts, where materials
and tooling are provided and machining methods, operation
sequences and tolerances have been predetermined. Mounts,
fastens and aligns model, pattern or template. Selects and
adjusts cutter and tracer, sets speeds, feeds and depth of
cut. Scribes reference points and lines as a guide for alig-
ning work with patterns, model or template. Operates auto-
matic duplicating machines, such as Keller, Hydro-Tel or
Trutrace equipped machines and manually operated duplicating
machines.

Passenger Reservations

Baggage Representative (290)--Obtains, from passenger, information
concerning baggage complaints (lost, damaged, mishandled
baggage) and makes on-the-spot adjustments for minor claims.

Group Sales Agent (313)--Reserves and confirms blocks of seats
for entire itineraries of organized groups of 10 or more
passengers travelling together. Processes individual reser-
vations of group passengers as required. Follows progress
of group bookings to determine reduced or increased seat re-
quirements. Notifies reservations control of group status
and provides listing of services required at each point of
itinerary. Maintains complete record of information for
each group.

Oil Refining

No jobs at this level.

Electricity Generation

Electrician (350)--Tests and locates electrical faults. Disman-
tles, inspects and repairs generators, condensers, motors.

375



G-6

oil circuit breakers and similar equipment. Works from blue-
prints to install conduit, pull in conduit, make corrections,
and install and replace wiring on control switchboard panels.

Welder-Steam (378)--Builds up and welds metal parts by means
of oxyacetylene or. electrical welding apparatus. Fabricates
metals and repairs cracked and broken parts of turbines,
boilers, superheaters, and other high pressure vessels,

Air Separation

Maintenance Mechanic (280)--Performs routine and emergency main-
tenance work on the units (excluding control and recording
instrumentation) as requested by Foreman or Operator. Pro-
vides assistance and intermittent work direction to Main-
tenance Helper.
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5. DESCRIPTION OF MIDRANGE JOBS

Low Skill

Steel

Bank

G -7

Utility Man (1.0)--Assists crane man in the performance of his
duties and hooks, unhooks and positions material and equip-
ment transported by cranes in annealing department. Inspects
inner covers on furnace bases after furnace is removed to
detect leaks.

No jobs at this level.

Machining

Factory Helper General (396)--Assists in handling and positioning
heavy materials and equipment, securing tool for set-up,
helping in breaking down the set-ups, segregating tools and
fixtures and returning to proper sources. Loads and unloads
parts on and off machines. Removes scrap, shavings, chips
from the machines and helps in keeping work areas, machines
and equipment clean and in orderly condition. Numbers or
hand-stamps parts for identification, cleans and lubricates
parts, de-burrs, sands, putties, masks and hand-stencils.

Passenger Reservations

Ticket Preparation Agent (103)--Computes or has computed fares
for each ticket recquisition received. Prepares cash slip
invoice for tele-ticketing form as necessary, and fills out
ticket. Maintains a log of all tickets issued.

Oil Refining

No jobs at this level.

Electricity Generation

Shift Helper (96)--Assists any, of the shift personnel as directed.
Among other things may be required to assist the employee
in charge of the operation in blowing soot and changing boiler
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fuels. He may also be required to check the operation of
the evaporators, take various readings, do necessary cleaning
and perform minor maintenance work of a preventive or cleaning

nature.

Air Separation

No jobs at this level.

Medium Skill

Steel

Bank

Welding Machine Operator (2.5)--Operates equipment to feed and
weld coils at entry end of electrolytic cleaning line. Assists
in operating controls and adjusting equipment. Participates
in repairing strip breaks, threading line, removing twists
and cobbles and placing scrap in containers.

Paying and Filing Clerk B (105)--Pays and files posted debits
and credits received from EDP Center. Receives and proces-
ses commercial statements for mailing or delivery to customers.
Answers telephone inquiries regarding account status, placing
of holds, stop payments or customer complaints. Assists
customers in reconcilement of statements. Receives and pre-
pares check and deposit slip, orders.

Machining

Hand Finisher-Precision-B (525)--Performs close tolerance hand
finishing operations on machined parts, assemblies and weld-
ments involving various radii, contours, angles, flanges,
etc. Removes material by precision grinding, filing, and
blending prior to final finishing. Performs final finishing
where adequate tooling is provided. Selects, dresses and
trues own abrasives. Checks own work for conformance to
specifications. Maintains good shop practice. Assists Hand
Finisher-Precision A, as required.

Passenger Reservations

Secretary '(251)`--Takes dictation and prepares correspondence; types
report's, prepares records and processes routine documents.
Answer "phone, makes appointments, and opens and prepares
mail.
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Oil Refining

No jobs at this level.

Electricity Generation

Turbine Tender (292)--Starts, stops and tends the operation of
high pressure steam turbines and miscellaneous auxiliary
equipment under the direction of the Shift Foreman, inclu-
ding all prescribed checking procedures for the particular
plant. Also is required to oil, grease, and do necessary
cleaning around the turbine and related equipment.

Air Separation

Maintenance Helper (210)--Assists Maintenance Mechanic in routine
and emergency maintenance work.
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APPENDIX H

LABOR-ELASTICITY OF VARIOUS INDUSTRIES AROUND 1960
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