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Chapter 5

The Effects of Programmable
Automation on the Work Environment.— —— — — —

Summarv

A number of factors determine the impacts
of programmable automation (PA) on the work
environment, such as how the technologies
are designed and applied, the strategies em-
ployed to introduce them, and management’s
goals for automating. In general, the introduc-
tion of PA tends to improve the work environ-
ment. However, it has the potential to create
new situations that are stressful or monoto-
nous, resulting in negative psychological ef-
fects on the work force. PA offers a wide range
of choices concerning its use—choices that, if
made well, will help to ensure that PA is ap-
plied in ways that will maximize its potential
for affecting the workplace positively.

Nothing inherent in automated technology
makes a particular form of work organization
‘‘imperative’ PA affords many ways of orga-
nizing work and designing jobs. For this
reason, it is possible to design and apply tech-
nology so that it will enhance, rather than de-
tract from, the work environment, and to
search for ways to design jobs that are com-
patible with both technology and the human-
ization of work. The search for such compati-
bility will be complicated by the potential
tradeoff between conventional concepts of pro-
duction efficiency and more complex concepts
of worker satisfaction. There is some, but lim-
ited, evidence that using PA to organize work
in ways that would enhance the work environ-

U

ment would lead to increased overall efficien-
cy and a more motivated work force.

In the firms visited for the OTA work envi-
ronment case studies, the implementation of
PA made some jobs, such as maintenance,
more challenging, and some, such as spot weld-
ing, less physically taxing. Other jobs, such
as operating a numerically controlled (NC)
machine, were less challenging when compared
with operating conventional machine tools.
Some jobs had high levels of stress due to the
nature of the equipment (i.e., complex, highly
integrated, and expensive), and to the relative
lack of worker autonomy in controlling the
content and pace of work.

Labor-management relations play an impor-
tant role in the introduction of new technolo-
gy. Using collective bargaining, organizing,
and political strategies, unions in the United
States have attempted to minimize what are
perceived to be the socially harmful effects of
new technologies on the labor force. Their
efforts have generally been directed toward
easing the adjustment process rather than re-
tarding the process of change. Japan and
many Western European countries rely on a
number of government and organized labor
mechanisms for dealing with the introduction
of new technology and its effects on the work-
place.

Introduction

Programm able automation has the potential tasks and is applied in ways that provide vari-
to enhance the work environment in manufac- ety and opportunities for decisionmaking in
turing. It will do so if it reduces the need for the workplace. As work becomes increasing-
workers to undertake hazardous or unpleasant ly automated, it is important to consider the

179
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role people will play relative to equipment, and
how we as a society will define and oversee
that role.

The purpose of this chapter is to describe
some of the effects on the manufacturing work
environment arising from the introduction and
use of PA, and to discuss some of the ways
in which workers are likely to be affected—
physically and psychologically. The approach
is different from that usually taken in discuss-
ing PA technologies, their benefits, and their
costs. While acknowledging the economic and
technical issues surrounding PA development
and use, the chapter focuses on the experiences
and concerns of the people working with the
technologies daily. These concerns seldom
emerge in studies of R&D and industry char-
acteristics, but they suggest additional social
costs and benefits beyond the more obvious

--

ones associated with changes in the number
and types of jobs.

Attention to how PA affects the work envi-
ronment may gain new urgency in the future
due to reduced job mobility in manufacturing.
As chapter 4 suggests, workers who are un-
happy about their working conditions in the
wake of new technology may have less free-
dom to change jobs because of reductions in
production employment, changes in the occu-
pational mix, and other developments con-
straining job opportunities. If the potential for
job mobility decreases, the characteristics of
remaining and new manufacturing jobs will
become increasingly important, creating new
imperatives for developing the potential capa-
bilities of the technology to improve the work
environment.

Background

The effects of PA on the manufacturing
work environment in the United States must
be considered within the context of traditional
views of technological change. The apprehen-
sion surrounding technological progress and
its potential to change the fabric of society is
not new. What is different about current atti-
tudes concerning new technology is directly
related to its flexibility, its diverse applica-
tions, the large numbers of people that will be
affected, and the social and political climate
in which it is being introduced.

As early as the mid-1850’s, America was
viewed by Europeans as a country that eager-
ly and easily embraced technology as a re-
placement for manual labor. This was in stark
contrast to the open resistance to industrial
progress experienced in Europe. The American
capacity for rapid innovation was variously at-
tributed to such diverse factors as its public
education system, a scarcity of labor, its dem-
ocratic institutions, its utilitarian attitudes,

an abundance of natural resources, and the
enterprising spirit of its citizens.1

However, contrary to this idyllic view of
American industrial progress as perceived by
foreign visitors, historians record that even in
the 1850’s, technological change in the United
States did not occur without very substantial
costs to its citizens. For example, the work
lives of skilled craftsmen were changed greatly
through adjustment to the new requirements
of industrialization, such as increased regimen-
tation and less individuality. Unskilled work-
ers were also affected adversely, since their
skills were interchangeable and there were
thus fewer opportunities for wage increases
and other benefits.2

In the late 19th century, the principles of
scientific management proposed by Frederick

‘Merritt Roe Smith, Harpers Ferry Armory and the New
Technology: The Challenge of Change (Ithaca and London: Cor-
nell University Press, 1977).

‘Ibid.
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W. Taylor attempted to rationalize the produc-
tion process by determining the “one best
way’ to do a job. * In addition, these principles
helped to form the view that efficiency de-
pends on the degree to which management
controls both the production process and the
workers. In many manufacturing settings,
vestiges of Taylorism still exist in a top-down
style of management control characterized by
rigidly defined tasks, attempts to minimize
errors through increased automation, and
minimal worker involvement in workplace
decisions.

Today, it is generally recognized that tech-
nological developments tend to continually
outpace the capacity of individuals and social
systems to adapt.3 This period of adjustment
may be characterized by considerable tension
between management and labor.

One of the principal benefits of computer-
ized manufacturing technology is that it of-
fers a wide range of choices for system design
and implementation. With respect to the prob-
lems encountered in earlier technological
change, one author commented:

The changes and disruptions that an evolv-
ing technology repeatedly caused in modern
life were accepted as givens or inevitable sim-
ply because no one bothered to ask whether
there were other possibilities.4

The very flexibility of PA provides a range of
choice, not only in the equipment configura-
tion, but also in the organization and manage-
ment of production. As stated by a contem-
porary British researcher:

We are not compelled to follow the path we
have followed so long, of subordinating work
to the machine, and fragmenting it, until the
best thing we can do with the jobs that re-
main is to automate them out of existence.
We can if we wish provide a path through

*Frederick w, Taylor (1856-1915) revolutionized American
factory production with his time and-motion studies. This stand-
ardization of tasks, known as Taylorism, left workers with lit-
tle or no opportunity to exercise either control or judgment over
their work or workplace.

‘See, for example, Langdon Winner, Autonomous Technology
(Cambridge, Mass.: The MIT Press, 1977).

‘Winner, op. cit.
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which human skill is preserved, . . . by evolv-
ing into new skills in relation to new ma-
chines.5

While the design of a machine or system es-
tablishes a basis for its effects on the work
environment, the specific circumstances in
which the technology is introduced also play
a crucial role in shaping the environment of
the automated workplace. In practice, the im-
pact of a programmable system is influenced
by an array of “environmental” factors, such
as managerial goals, the age and physical lay-
out of facilities, the types of technology
already in use, the ways in which work has
been (and will be) organized, management pol-
icies and practices, the attitudes of workers,
interpersonal relationships, and the character
of labor-management relations. This context,
together with the technical capabilities and ac-
tual performance of the new system, deter-
mines the effect of computerized automation
on the work environment.

The choices made for system design and im-
plementation reflect value judgments. The
minimal attention devoted to work environ-
ment issues in this country reflects the view
that production efficiency is a function of
equipment design and selection, and a judg-
ment that worker attitudes are secondary at
best. On a more basic level, value judgments
pertaining to workplace issues reflect a dispar-
ity in available evidence. It is relatively easy
to measure the performance characteristics of
a machine; it is difficult to measure reliably
the effects of equipment designs and config-
urations on worker attitudes and related
changes in productivity. The difficulty in-
creases as the organization of production
changes to accommodate new processes and
products. Such organizational changes are cen-
tral to the success of PA; they also distinguish
the work environment effects of PA from
those of more incremental changes in manufac-
turing technology.

How workers are affected by automation
depends very much on their individual person-

5H. H. Rosenbrock, “Robots and People, ” Measurement and
Control, vol. 15, March 1982, p. 112.
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alities, expectations, and needs; it is therefore
difficult to generalize about what is a “good”
work environment for the introduction of PA.
As one author recently pointed out:

Workers are not all alike; they have differ-
ent needs, interests and motivations. More-
over, these characteristics constantly change
over the career of each worker 6?. . . .

However, there are some characteristics that
are generally recognized as having a positive
effect on the work environment. Among them
are fair wages and benefits, job security, a
clean and safe workplace, interesting work,
some control over the pace of work, the abili-
ty to make decisions concerning how work is
performed, recognition for work done well, op-
portunities for personal growth and advance-
ment, and good relationships with peers and
supervisors.

Recognizing some of the important charac-
teristics of a positive work environment, and
recognizing that these can help to alleviate the
tensions of a rapidly changing workplace, new
technology can be utilized in ways that facili-
tate a harmonious interaction between people
and machines. Achieving such harmony is the
goal of interdisciplinary research in so-called
sociotechnical systems. The literature on so-
ciotechnical systems discusses ways of design-
ing jobs and changing work methods to con-
sider both the social system of the work en-
vironment and the technical system of produc-
tion simultaneously in order to optimize the
relationship between the two.7

It is possible to design and apply technology
so that it will enhance the work environment,
and to explore ways of designing jobs that ac-
commodate both the technology and the needs
of workers. The challenge is to introduce new
technologies in ways that consider the eco-
nomic and social impacts more equally. How-
ever, there are conflicting interests involved
in considering simultaneously the economic,

‘James  O’Toole,  Making Ame~”ca Work, Productivity and
Responsibility (New York: Continuum, 1981).

‘William A. Pasmore and John J. Sherwood (eds.),  Sociotech-
nical Systems: A Sourcebook  (La Jolla, Calif.: University
Associates, Inc., 1978).

social, and technical aspects of new tech-
nology. One recent study of the impact of
microelectronics on the workplace concluded:

It is not yet clear just what are the econom-
ic costs of careful, or socially acceptable, ap-
plications of the chip. Nor is it obvious that
the normal market forces, or union pressures,
will bring out the best in microelectronics for
society.8

Okun has suggested that pursuit of an effi-
cient economy creates inequalities, and socie-
ty faces a tradeoff between equality and effi-
ciency. If both are valued, and neither takes
absolute priority over the other, then compro-
mises ought to be made in places where they
conflict. 9 In the case of the effects of PA on
the work environment, the failure to balance
both social and economic questions as part of
the overall decision to automate w-ill mean that
the potential for PA to improve working life
will not be realized. In the short term, only the
economic costs of considering the social as-
pects may be recognized; over the long term,
however, the cost of an unhappy worker may
be realized as lower productivity. The concern
extends beyond the individual PA user into
a potential social services problem that could
eventually affect whole communities.

The remainder of the chapter is divided into
three sections. The first describes four OTA
case studies of PA in selected manufacturing
environments and discusses the principal
themes that emerged from these studies. The
next section discusses some of the impacts of
PA on different aspects of the work environ-
ment, incorporating material from the case
studies where it exemplifies these impacts.
The final section provides an overview of ap-
proaches to work environment issues in Japan,
Norway, Sweden, and West Germany and the
experiences of these countries with the imple-
mentation of new technologies.

‘The Impact of Ch”p Technology on Conditions and Quti”ty
of Work, Worldwide Search and Exm”nation  of Evidence and
Influential Opinion, Report No. 1144, Ministry of Social Af-
fairs and Employment, The Hague, 1982, p. 2.

‘Arthur M. Okun, Equah”ty and Efficiency: The Big Tradeoff
(Washington, D. C.: The Brookings Institution, 1975).
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OTA Work Environment Case Studies

In order to investigate the impact of PA on
actual work environments in manufacturing
settings, four case studies were conducted in
companies that are leading users of PA—one
each in the automobile, aircraft, and agricul-
tural implements industries, and one encom-
passing a group of seven small metalworking
shops. The three large companies studied were
selected out of a list of approximately 30 firms
that was compiled in consultation with a num-
ber of leading trade associations. The small
metalworking shops were chosen after discus-

sions with knowledgeable individuals and or-
ganizations in New England, the geographic
region selected. While the companies are all
advanced PA users, they differ in several im-
portant respects, including company size,
product batch size, union representation, fi-
nancial health, current level of market de-
mand, and geography (see tables 48 and 49). *

*NOn~ of the participating companies is identified by name.
One of the companies requested this courtesy, and OTA decided
to follow it throughout.

Table 48.–Characteristics of Small Metalworking Shops Studied by OTA
—

Alpha Beta – Gamma Delta Epsilon Zeta Eta— —
Tot al
empIoyees 75 19 74 16 10 200 48-—
Employees on
shop f loor 60 16 60 15 6 130 40

Annual  sales $8.2M $900,000 ‘$4.5M $600,000 $300! 000 $25M $2.75M -

NC and CNC 21 NC-and 2 CNC lathes 3 CNC punch 6 CNC 4 CNC mi l lers 12 CNC lathes 21 NC and
machine tools C N C 1 CNC miller presses 1 CNC lathe 2 CNC vertical CNC machines;

16 NC millers 1 CNC laser mi I Iers more than half

cu t t e r 30 NC machines of these are CNC;
5 CNC press 2 CNC in

brakes p r o t o t y p e

Year company
f o u n d e d 1969 1940 1973 1972 1974 1945 1942

Year first
NC or CNC
machine tool

p u r c h a s e d 1974 1966 1976 1976 1979 1957 ca 1966

P r i n c i p a l MiI i tary Varied” Mos t l y Elect ron ics, A i rcra f t , A i rcra f t . E lect ron ics,

c l i en t aircraft, e lect ron ics, e l e c t r o n i c s ai rcraf t m e d i c a l both mi l i tary airrcraft
In d u s t r i e s m e d i c a l hydraul ics & commercia l

etc

P r o g r a m i n g Digi tal Genes i s Webber Webber Br idgeport Digi tal General
sys tem “APT” “Encode ” “ P r o m p t ” “ P r o m p t ” “Easy Cam” “APT” Numer i c

“Numeridex ”

Age of
p r o g r a m i n g
sys tem 3-4 years 6 years 3 years 6 months 2 months 11 years 1 year

Lot size
r a n g e a 10150 25-1.000 10-2.500 100-5,000 50-1,000 1-1,000 1-1oo

Average or
typical lot
size” 50 250-500 100 250-500 250 100 50

E m p l o y m e n t Steady Stable for Steady FIuctuates. Growth, Cycl lca l , Stable

level g r o w t h 10 years, g r o w t h down from a recent twice as many

over t ime before that peak of 19 layof fs employees i n

steady growth in 1980 late 1960’s
Constant for last
7 years

Size of
shop in
square feet 23,000 10,000 30.000 8,000 2,500 66,000 28,000
a Lot size f!gures art? rouqh  est!mates  on ly

SOURCE Off Ice of Technology Assessment (data  current as of April 1983)
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Company size 10-200 Components plant—10,000 40,000 in commercial Plant employs
at capacity aircraft division 4,000
Tractor assembly—2,500 630 In NC machine shop.

Sales 300,000 to Company agricultural equipment Company claimed 560/o Company sales over
market share 25 million sales over $4 billion in of the market in 1981; $10 million in

1981; dropped in 1982, but in 1982, 48170 1982
share of farm equipment
market climbed

Unionized No Yes Yes Yes

Financial Good Dominant in Industry Dominant in industry Improving over
health recent times

Market Tends to fluctuate
demand with demand

for clients’
products

Geography Within an hour of
major Industrial
center in the
East

Slack Slack; operating at Recently picked
50% of capacity up

Small, Midwestern city

 . .
SOURCE Offtce of Technology Assessment (data current–as of April 1983)

Six technologies were studied-numerical
control (NC), flexible manufacturing systems
(FMS), management information systems,
automated materials handling, robots, and
computer-aided design (CAD).* NC machine
tools receive particular attention in the case
studies because they are among the oldest
modern examples of the application of digital
technology to manufacturing, dating from the
early 1950’s. As such, NC represents the back-
bone of computerized production equipment,
and is the most important application to date
of computers in small and medium batch ma-
chining. In addition, although other program-
mable technologies may monitor the activities
of workers or replace the worker entirely, NC
machine tools continue to require the presence

*A9 wa9 di9~s~ in Cli.  3, FMSS integrate NC and other
PA technologies into a larger computer-controlled system that
is the prototype of the automatic factory. Management infor-
mation systems collect, transmit, and process data in a way
that provides more comprehensive and immediate information
to management about operations in both batch and mass pro
duction industries. Robots represent a versatile technology that
can be used in a wide range of production settings either as
stand-alone machines or as part of a larger system. CAD ex-
emplifies the use of computers to transform the design proc-
ess and the organization of the production process.

Medium-sized west Within hour of
coast city major industrial

center in East

of an operator and significantly change the
character of the person-machine interaction.
The changes seen in the NC operator’s job
have implications for other situations in which
the introduction of PA may change the nature
of the interaction between person and ma-
chine. Thus, the work environment experience
with NC may provide paradigms for other PA,
including flexible manufacturing systems as
well as nonproduction PA technologies.

The case studies are based on 3- to 8-day
visits by two researchers to the three large
companies, and l-day visits to each of the
seven small machine shops. The aim of the
case studies was to identify qualitatively some
of the important ways in which PA is current-
ly affecting the work environment in selected
sites; quantitative analysis was not feasible
given the small number and the diversity of
observations.* (See app. 5A for method of
study.) A brief summary of each of the four

*’l”he smple  of people interviewed was relatively small  ~d
nonrandom, and the interviews e lored  a variety of issues with-

‘Tin a defined range, rather than ollowing  a rigid format,.
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case studies follows; a section is included
describing the principal themes that emerged.*

Case l—Small Metalworking Shops

This case study investigates the introduc-
tion and use of numerical control in seven
small metalworking shops—six machining
shops and a sheet metal fabrication shop (see
table 48). All of the shops work under contract
to other companies (mainly aerospace, elec-
tronics, and defense industries), and have no
commercial product of their own. The central
production technology in these plants is NC,
currently one of the most mature and sophisti-
cated of the PA technologies, in which a pre-
programmed code directs the operation of a
machine tool by means of a controller. General-
ly, these machine instructions, or “part pro-
grams, ” are prepared remotely by a part pro-
gramer. Computerized numerical control, a
refinement of NC that was developed in the
mid-1970’s, links a computer to the machine
controller. This technical change brings about
new organizational possibilities because the
machine instructions can now be altered (ed-
ited), or even prepared, at the machine itself.

NC has a number of technical advantages
over conventional equipment-e. g., easier ma-
chining of complex parts, repeatability, fewer
fixtures and setups, and increased flow of pro-
duction. In addition to these advantages, man-
agers also cited two other motivations for in-
stalling NC equipment. One motivation was
to respond to the perceived shortage of quali-
fied machinists by providing the ability to
transfer skills from the shop floor to a part
program, hence depressing the level of skill ac-
tually needed to operate the machine. The sec-
ond motivation for acquiring NC was to gain
better control over shop operations. The pre-
dictability of the technology led to more ac-
curate production cost estimates when bidding
for new jobs and more reliable estimates of de-
livery times.

*The contractor report, “Automation and the Workplace:
Case Studies on the Introduction of Programmable Automa-
tion in Manufacturing, ” will be available subsequent to publica-
tion of this report.

Case Study Conclusions

By reorganizing production in such a way
as to centralize control and reduce the overall
skill requirements of the shop, these owners
have brought about changes in the work en-
vironment that substantially reduce the at-
tractiveness of machining jobs, especially for
skilled machinists. In general, less experienced
workers and those whose previous work expe-
rience was largely on NC preferred NC, while
workers with high levels of skill and extensive
backgrounds on conventional equipment did
not like NC machines unless they had become
involved in programing. When the planning
function is removed from the shop floor and
transferred to a programer, machining work
is transformed in such a way as to be unat-
tractive to the most skilled members of the
work force –although the usefulness of high
skill levels was still emphasized by most of the
shopowners interviewed. While reducing ma-
chinist intervention in the production process
helps to guarantee that a minimum standard
of quality will be met, it also limits the ingenui-
ty and skill that might help to achieve a higher
standard of quality. If the input of the person
closest to the production process is substan-
tially reduced or even eliminated, the loss in
terms of the quality of production could be siz-
able, particularly when a skilled worker is oper-
ating the machine.

Based on the sample of small shops visited,
four strategies that would enhance the work
environment appeared technically feasible and
desirable from the point of view of workers on
the shop floor:

1.

2.

Programing of machines by their oper-
ators, except in cases where there are
compelling technical reasons for doing
otherwise (e.g., some programs are very
complex, and writing them may require
several hours of careful expert attention,
away from the distractions of the shop
floor).
Increased control over the editing of pro-
grams by machinists who are at the
machine, watching the execution of the
program.
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3.

4.

Training in programing for machinists, in-
cluding rotation of machinists through
the shop’s programing department.
Training in machining that includes sub-
stantial work on conventional machine
tools, and periodic rotation onto conven-
tional machines to provide more challenge
and variety.

Each of these changes that would enhance
the quality of the work environment was pres-
ent in an embryonic form in one or more of the
seven shops studied. They are thus clearly
technically feasible, since they have already
taken place in a very limited way. They may
also, in some cases, result in greater produc-
tivity. But it is also true that after a certain
point, increases in shop floor autonomy with
a view to improving the work environment
tend to conflict with the shopowner’s prefer-
ences for managing the business. At that
point, further improvements in the work en-
vironment come at the expense of centralized
control, which may also have implications for
production quality. The issue of control, of
course, is not peculiar to computerized auto-
mation in manufacturing settings; it repre-
sents one of the traditional workplace strug-
gles between management and labor.

Case 2—Agricultural Equipment

Beginning in the early 1970’s, the company,
a midwestern manufacturer of agricultural im-
plements and construction equipment, began
to install a wide variety of computer-based
systems in one of its principal businesses, the
manufacture of tractors. Today, the company
is regarded as one of the leading users of PA
in medium-batch manufacturing. This case
study focuses on two of the company’s plants
that have been widely recognized as pioneer-
ing automation efforts—the components plant
and the nearby tractor assembly plant. Three
major systems were selected for examination:
1) a management information system, partic-
ularly a labor reporting subsystem; 2) the
automated materials handling system in the
tractor assembly plant; and 3) the flexible

manufacturing system in the manufacturing
plant.

From management’s point of view, PA has
been vital to the company’s success in an in-
creasingly competitive industry. The technol-
ogy has resulted in increased flexibility to re-
spond to rapidly shifting market conditions,
better product quality, and higher productiv-
ity. An important factor contributing to pro-
ductivity improvement has been the transfor-
mation of what management saw as a series
of difficult-to-control, stop-and-go operations
into a more tightly controlled, centrally di-
rected “even flow” of parts, suggestive of
operations in continuous-process industries.

Case Study Conclusions

The effects of increased automation on the
work environment seen in this case study fall
into four broad categories. The first covers ef-
fects that are the intended result of manage-
ment’s desire for flexibility, rapid response,
and closer managerial control of operations.
For example, the ability of the company to
track parts through the production process
makes shop floor operations increasingly visi-
ble to middle- and upper-level managers, fa-
cilitating scheduling and making it increasing-
ly possible to dictate the details of production
from a high level in the organization. This de-
creases autonomy for supervisors by limiting
their range of choices in certain scheduling and
personnel matters.

The second category of effects on the work
environment stems from the implementation
process, broadly construed. For example, the
disruption caused by downtime and schedul-
ing irregularities resulting from the imple-
mentation and debugging process for highly
complex and integrated computerized systems
can degrade the work environment. The per-
sistence of such problems over a period of
years, not just months, raises the possibility
that the debugging of one or another system
could become a fact of life-and of the work
environment-at technologically advanced
companies. Workers at this site were particu-
larly affected by frequent downtime because
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of their incentive pay system. * This system
helps to create a highly motivated work force,
and employees covered by the incentive pay
system may use considerable ingenuity to
keep machines running. Machine downtime is
not welcomed by incentive workers, and most
of the workers interviewed expressed intense
frustration with automated systems that fre-
quently broke down.

A third category of effects on the work en-
vironment is brought about by the complexi-
ty and highly integrated character of the cap-
ital-intensive installations. Maintenance
workers found their work on a computerized
system exciting and challenging (according to
one electrician: “This new technology is scary
as hell, but I love it”). However, the combined
effect of the high cost of the system and the
“domino effect’ of a machine or system failure
created considerable pressure as well. The in-
tegrated nature of the operation made the
failure of any machine linked to the larger sys-
tem a more serious problem than the failure
of a stand-alone machine would have been. Ad-
ditionally, most electricians interviewed felt
that the diagnostics now required more skill
than previously; however, the repairs were
often easier, particularly when they only in-
volved changing a circuit board. Under these
conditions, collaboration increased among re-
pairers and among different skilled trades.

The final category includes effects that
result from system designs that attempt (with
varying degrees of success) to minimize the ne-
cessity for operator intervention. One of the
problems mentioned most frequently by oper-
ators of flexible manufacturing systems—as
well as by maintenance workers on other high-

——
*The 9 System combines a standard base rate with a bonus

for production above the standard rate. An operator working
at ‘‘incentive pace” earns about 130 percent of the “standard’
base pay. The company aims to have production workers eligi-
ble for incentive pay about 85 percent of the time, the remain-
ing 15 percent being set aside for  ‘inherent delay, ” which
includes those parts of a job whose pace is out of the control
of the worker. During periods of inherent delay and downtime
the worker is paid the standard rate. The introduction of
automation can influence incentive pay in two ways: 1) by re-
quiring determination of new incentive standards, and 2) by
changing the proportion of inherent delay and downtime on the
job.

ly integrated and expensive systems—is the
alternating boredom and pressure that char-
acterize their jobs. The FMS clearly required
some operator input, yet it had not been de-
signed to adequately acknowledge and accom-
modate that input; in addition, operator train-
ing may not have been sufficient.

Case 3–Commercial Aircraft

The manufacturer of commercial aircraft
that is the subject of this case study is a divi-
sion of a larger aerospace corporation. Both
the division and its parent are widely regarded
as being at the cutting edge of both product
and process innovation in the aerospace indus-
try. The case study has a dual focus: first, it
explores the use of computer technology to
revolutionize the organization of work, prin-
cipally in the design and engineering of the air-
plane; then it looks at NC machining in a large
production machine shop. Since the NC ma-
chine shop is a production terminus of a
stream of data that flows from design to the
manufacture of a part, it is directly affected
by the organizational changes that are taking
place.

The company’s use of CAD has resulted in
a number of important benefits: 1) elimination
of routine work, 2) assured access to the most
up-to-date design, 3) reduction in errors, and
4) the ability to revise designs more frequent-
ly and to experiment more fully with design
alternatives. A central thrust is to link the
separate design, business, and manufacturing
computer systems into a centrally directed, in-
tegrated whole, and to thus move design deci-
sions to a higher level in the organization. The
goal is to create a controllable “stream” of in-
formation governing the development and pro-
duction of the airplane from the point at which
the airplane is initially designed to the point
at which it first lifts off the runway.

As in the case study of the small metalwork-
ing shops, the use of NC has made it possible
to remove from the shop floor much of the de-
cisionmaking involved in part production, tak-
ing away a substantial amount of discretion
from those involved at the point of production,
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and relocating it earlier in the design to build
process. Many of these decisions are now made
by programmers; however, the operator retains
the critical control over the speeds and feeds
at the machine.

Case Study Conclusions

The company goal to use CAD to establish
a stream of shared data has significant impli-
cations for the work environment. For exam-
ple, the jobs of engineers at earlier points in
the design process will become broader and
more challenging; but there will be proportion-
ately less opportunity for creative work by en-
gineers at later points in the design process.
While this may be beneficial for the aircraft
design process overall (in particular, because
of the special concern for quality and reliabili-
ty of aircraft, relative to other goods), it is like-
ly to have a negative effect on middle-level
workers who have been accustomed to more
challenging work. Considerable amounts of
routine data-handling will be eliminated by the
establishment of shared data requirements
and the automation of data transmission be-
tween groups. In addition, there will be in-
creased interdependence among various
groups and functions within the company as
each group spends more of its time working
with shared data.

Use of NC has a number of effects on the
work environment of machinists at this site.
NC has not eliminated the need for a skilled
operator, since skill is still required in the form
of alert supervision of the machine (rather than
continuous active intervention); yet the remov-
al of a substantial part of the traditional ma-
chining work makes it more difficult for the
operator to remain engaged in the cutting
process. The amount of latitude that NC ma-
chinists have in the performance of their du-
ties is significantly reduced if all but the most
routine programing is removed from the shop
floor; this is a major factor in the boredom
reported by operators.

The study found that interdependence has
increased in the machine shop, since there are
more support groups, e.g., programmers, in-

volved in the production of any given part.
This means that a delay in any one area af-
fects the operator’s ability to produce parts
quickly and efficiently. The case study also
found that the ability to dictate exactly how
the machinist job will be done makes it possi-
ble for management to track an individual’s
performance more closely. In addition, an elec-
tronic system makes certain aspects of shop
floor operations more visible to management.
The system enables a machinist to page a sup-
port group member and also monitors produc-
tion at the 66 NC machines.

Case 4—The Auto Company

This case study examines the application of
robots to spot-welding operations in an auto
company’s assembly plant. In 1980, in re-
sponse to the increase in consumer demand for
small cars, the company designed a new model
that required a $60 million retooling at the
plant visited. The bulk of the retooling took
place in the framing side of the body shop,
where sheet metal parts of the car are welded
together. In selecting machinery for its new
welding facilities, the company chose a system
that provides what is perhaps the most ad-
vanced frame welding technology available. It
involves a single fixture or “gate” that holds
the sides, underbody, and other parts in place
while eight robots apply spot-welds that set
the dimensions of the body. Most of the other
robots in the plant apply “re-spot” welds
which increase the mechanical strength of the
car.

The automated area consists of two major
components: 1) the subassembly areas where
parts of the sides and underbody are welded
together; and 2) the “main frame” line where
the sides, roof, and underbody are welded by
the robotic system and re-spot robots to form
the complete car body. The case study focused
on the side aperture area where parts are
welded together to make the right and left
sides of the car, and on the main frame line.
Sixty-four robots are located in these areas.

The robotic system has a number of major
technical and economic advantages over pre-
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vious methods of welding: 1) the dimensional
consistency of the body is assured because
only a single gate is used for each car type;
2) the strength and quality of welded frames
are improved because there are fewer missed
welds, and the welds are placed identically in
each body; and 3) subsequent retooling costs
are substantially reduced by decreasing the
number of gates and clamps that have to be
purchased for each model.

Case Study Conclusions

Two important specific benefits resulting
primarily from automation were observed. The
first was that robots have eliminated a number
of physically demanding hand-welding jobs
that required operators to work in the midst
of sparks thrown off each time a weld was
made. The second benefit is that automation
has substantially increased the breadth, chal-
lenge, and interest of maintenance positions.
To some extent, welder repairmen have taken
on responsibilities traditionally handled by
basic tradesmen in that they maintain a wide
range of electrical, hydraulic, and robotic
equipment, and they also program the robots.
The corporate director of manufacturing
engineering regards welder repairmen as an
important part of the company’s move to in-
crease productivity through combining job
classifications.

However, the work environment has de-
teriorated significantly for many production
workers and supervisors. An intensification of
work and an erosion of the quality of life on
the job for production workers in the body
shop stem from the fact that subassembly
jobs are now tied to a line. By tying subassem-
bly work to a rhythm over which the worker
has no control, the automated system has
eliminated the principal feature of off-line jobs
that made them more attractive than line jobs.
Downtime on the automated system creates
stop-and-go pacing that is beyond the worker’s
control; it also creates a situation where the
subassembly and main frame lines are run
faster in order to keep up with the rest of the
plant. For repair supervisors, the responsibil-
ity for maintaining operation of the complex,

highly  integrated product ion system creates

great stress.

It is important to note that these problems
arise not from automation or the introduction
of robots per se, but rather from the system
design and operating practices. Two aspects
of the design are especially important: the ar-
rangement of successive subassembly opera-
tions in series, and the restriction of space for
storing parts between these operations. The
design decisions are complemented by the
operating practice of storing even fewer parts
between subassembly operations than space
allows. By minimizing such “banks,” manage
ment believes it can assure a steadier, higher
quality, and more efficient production flow.

Case Study Themes

At every company studied, a common theme
emerged: establishing more effective manage-
rial control over the activities of the enterprise.
In the firms that produced parts in small and
medium batch sizes, PA was the centerpiece
of a strategy to establish a more managerial-
ly directed flow of parts through production,
in some cases approximating the even flow of
continuous-process industries. At the auto-
maker, where the mass production of parts has
been carried out for years on a moving assem-
bly line, the company sought to extend this
flow to the remaining off-line areas of the weld-
ing operation.

The aircraft company also sought to stream-
line the flow of information through design
and engineering. In addition, it wanted to
move decisionmaking to as early a point in the
design and manufacture of the airplane as pos-
sible. An important corollary of these changes
was minimizing human input. This extension
of control in design and production, in manage-
ment’s view, makes possible a better coordina-
tion and a more efficient use of the firm’s re-
sources. These organizational choices, how-
ever, have important consequences for the
work environment.

Because of the great variety of computer-
based technologies, as well as the wide varia-
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tion among companies in terms of the environ-
mental context into which these technologies
are placed, the findings of the four case studies
do not suggest any one generalized impact of
PA on the work environment. Instead, some
overall themes emerged to varying degrees
from the different companies studied:

●

●

●

●

●

Changes in skill requirements and occupa-
tional structure. —There was a tendency
to embody skill in machines or to move
skill to an earlier point in the design and
manufacturing process. In occupations
such as highly skilled machining this
meant that fewer skills would be required
on the job. Maintenance work, however,
tended to require more skills.
Training.–Some operators and mainte-
nance workers expressed a strong desire
for more training that would allow them
more effectively to run or to repair the
machines to which they were assigned.
Increased interdependence.—The intro-
duction of PA brought about a greater in-
terdependence among production work-
ers, greater collaboration among mainte-
nance workers, and the necessity for in-
creased cooperation between production
and maintenance workers.
Decreased autonomy.—Computer-based
automation is used in ways that result in
decreased autonomy for workers, stem-
ming from the removal of production deci-
sions from the shop floor, the electronic
monitoring of some work areas, and the
attempt on the part of management to es-
tablish an even flow of parts through the
plant and of information through the
company.
Boredom. -One of the consequences of
systems intended to minimize operator in-
tervention is that machines may run for
longer, although not indefinite, periods of
time without active intervention by the
operator. For some machine operators,
boredom on the job has become a wide-
spread complaint. Some maintenance
tasks, however, have become more chal-

●

●

●

●

●

System downtime. —Because of the com-
plexity of programmable systems and
their high level of integration, the effects
of problems with any unreliable element
of the system tend to spread, affecting the
work pace of production workers and put-
ting great pressure on those involved in
the maintenance of the system. Downtime
may decrease with better system design
and more reliable components.
Stress.—Two major sources of automa-
tion-related stress were identified: 1) work-
ing on very complicated, very expensive,
and highly integrated systems; and 2) the
lack of autonomy at work, extending in
some cases to computerized monitoring
by management.
Safety.–Some applications of PA make
the workplace safer, either by eliminating
hazardous jobs altogether or by allowing
the operator to stand farther from the
machine during operation. Other applica-
tions introduce hazards of their own, such
as automated carriers, clamps, and fix-
tures that move and close without direct
human initiation and sometimes without
warning. The net effect of PA, however,
is a reduction in traditional physical
hazards.
Cleaner and Lighter physical work for
operators.—Some forms of PA have re-
duced or eliminated heavy or dirty work.
In some cases, new jobs requiring physi-
cal labor are created in the place of the old,
heavier jobs.
Job security. –The combination of sub-
stantial layoffs at all the large companies
and the widespread perception among
workers that the introduction of compu-
terized automation caused significant
displacement raised strong apprehensions
among workers.

Further information on these case study
themes will be included in the following sec-
tion concerning impacts on work environment,
as well as in other chapters of the report where
appropriate.

lenging.
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Work Environment Impacts

The OTA work environment case studies
demonstrated some of the effects of various
PA systems in selected environments. S o m e
recurrent themes emerged regarding the na-
ture of those effects. This section examines
some of the broader work environment issues
within the categories of organization and na-
ture of work, changing skill levels, training,
occupational safety and health, and labor-man-
agement relations.

Organization and Nature of Work

The ways in which work is organized, to-
gether with the specific design features of PA
technology, will help to govern the effects on
the work environment. In the short term, the
new and emerging technologies will be adapted
to traditional structures of work organization;
over the long term, the structures will change
to reflect the characteristics of the new tech-
nologies. While it is too early to predict how
these changes will develop, the experience to
date may offer some insights.

One of the most vivid examples of how the
organization of work in automated manufac-
turing can affect the quality of the work en-
vironment comes from the allocation of pro-
graming in an NC shop, as demonstrated in
the OTA case studies. The introduction of NC
machinery is usually accompanied by the de-
velopment of a new programing department
and a new division of labor. The planning of
work becomes more centralized and is moved
off the shop floor, so that planning and execu-
tion become increasingly separated. From the
point of view of management, this results in
increased efficiency and control over the pro-
duction process. However, whether or not pro-
duction workers are permitted to edit pro-
grams on the shop floor, or in general engage
in planning, can determine whether their jobs
are routine and relatively boring or involve,
instead, an element of challenge and decision-
making. The assignment of work is a function
of managerial choice, but it also reflects the
nature of the product. For example, in aircraft

manufacture, concerns for precision, reliabili-
ty, and safety make control especially impor-
tant. Other settings provide more latitude for
worker discretion.

The organization of work in ways that re-
move creative decisionmaking from jobs does
not only apply to production workers. It is also
reflected in the changes projected for engineer-
ing jobs at the aircraft manufacturer as CAD
is used more widely. The jobs done earlier in
the design-build process will be broader and
more technically detailed, while the need for
engineering skills later in the process will be
reduced. The result will be less autonomy and
decreased opportunities to contribute to the
production process in meaningful ways for en-
gineers who are not performing the broad and
creative jobs at the beginning of the design-
build process. According to the director of the
CAD/CAM Integration Team:

Once the system is in place, most of the
decisions are made; so you’re taking away a
lot of individual decisions . . . whoever’s in-
volved downstream is working in a lot more
controlled environment than he has in the
past.

It is generally agreed that there is nothing
inherent in automated technology that makes
a particular form of work organization “imper-
ative. 10 For example, West German research-
ers describe an alternative job structure for
a flexible manufacturing system, although its
viability is yet to be proven long-term. 11 Under
the proposed alternative, the staff is composed
exclusively of skilled workers, such as special-
ists in machine tools. Some would have addi-
tional training in electronics. All or most of
the nonmachining tasks required by the FMS
could be performed by the operators, working

‘“Joel A. Fadem, “Automation and Work Design in the U. S.:
Case Studies of Quality of Working Life Impacts.” published
in ILO  International Comparative Study,  Federico Butera and
Joseph Thurman (eds.) (Amsterdam: North Holland, 1984).

1lChristoph  Kohler and Rainer Schultz-Wild, “Flexible Man-
ufacturing Systems—Manpower Problems and Policies,
presented at the 1983 World Congress on the Human Aspects
of Automation, Ann Arbor, Mich.,  August 1983.



192 ● Computerized Manufacturing Automation.” Employment, Education, and the Workplace
—

Photo credit: Beloit Corp

The dramatic change in the nature of engineering work is demonstrated in the three
photographs above. (Top) pencil-and-paper operation at the turn of the century.
(Middle) more recent paper-based engineering design. (Bottom) the manipulation

of data through the use of computer-aided design



— — — —

Ch. 5—The Effects of Programmable Automation on the Work Environment ● 193
— ——— . —

in job rotation. Only some of the programing
jobs and major repair and maintenance tasks
would have to be carried out by personnel
working outside the system. This system
would provide considerable job variety for
operators, in contrast to the more traditional
hierarchical approach of combining workers
who have a relatively low level of skills, and
whose jobs are highly specialized, with one or
two group leaders or foremen with special
skills.

Research currently under way at the Univer-
sity of Manchester (England) is attempting to
develop software that will enable the equip-
ment operator to program an FMS by mak-
ing the first batch of parts.12 In this experi-
ment, the human qualities of skill and judg-
ment are not eliminated, but are assisted and
made more productive. However, some ex-
perts have expressed some skepticism about
this proposal. They suggest that it represents
a cosmetic solution that would not work well
in practice, since the situation would be the
same for the operator after the first batch of
parts was made unless the parts were changed
frequently.

PA also has an effect on the nature of work.
A striking feature of the many systems ob-
served during the company visits that has con-
sequences for the work environment is their
high level of integration. This results in an in-
creased interdependence among workers who
deal with these systems. For production work-
ers, this interdependence chiefly meant that
at certain stages of production the input or
participation of others was necessary, requir-
ing teams rather than individuals to complete
a job. For subassembly production workers in
the auto body shop, interdependence increased
because each individual was more closely tied
into the pace of the system as a whole. One
subassembly worker explained:

Before, you had more individual operations
. . . you might have, maybe, two people work-

‘*H. H. Rosenbrock, The University of Manchester Institute
of Science and Technology, “A Flexible Manufacturing System
in Which Operators Are Not Subordinate to Machines, a pro-
posal approved by the Science and Engineering Research Coun-
cil in 1983.

ing together. Well, now you have maybe five,
six, seven, eight . . . and everybody depend-
ent on everybody.

The higher degree of integration results in
more synchronous work for all production
workers, making it impossible for individual
operators to work faster or slower than others
in the system for more than several minutes
at a time.

On the FMS at the agricultural equipment
company there was evidence of a greater need
for equipment operators to coordinate with the
system superintendent in the computer con-
trol room and with other operators. Even
stand-alone NC operators, both at the aircraft
manufacturer and at the small job shops, com-
mented on their increased need to rely on pro-
grammers and other support operations. No
longer could a machinist execute an entire part
alone, as was generally done on conventional
machine tools. An NC operator at the aircraft
company said:

On a conventional machine it’s pretty
much just between you and the machine . . . .
On the NC machine you’ve got the program-
er, . . . NC tooling, . . . planning, and if any
one part of it breaks down, then the whole
thing goes.

A supervisor in the same shop also felt the
effects of this increased interdependence:

Supervising NC, you have to deal with
more support groups. You’re more vulnerable
to their preferences. There’s more negotiation
beforehand with people like programing and
fixturing.

Maintenance workers experienced the in-
creased interdependence in their work chiefly
as an increase in the need for collaboration
among the different skilled trades. The com-
plexity of the new systems meant that, in
many cases, diagnosis and repair required the
input of workers with varying backgrounds.
A skilled tradesman at the agricultural imple-
ment maker described the situation:

You can save a lot of time by people work-
ing together and getting along. Otherwise a
two-minute problem becomes a two-hour
problem. A few years ago you could do it by
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yourself, but now you need two heads, one
mechanical and one electrical, and a good
operator.

There are opportunities for enlarging the
scope of jobs with PA. The OTA case study
on the seven small shops outlines a number
of ways to improve job design for NC opera-
tors—including involving them in programing
and editing, and providing opportunities for
job rotation. With appropriate training, work-
ers could be involved in a greater variety of
tasks by rotating jobs; however, this would re-
quire cooperation between labor and manage-
ment in agreeing to increased flexibility in
work rules. Another opportunity for workers
to perform a wide range of tasks rather than
narrow, fragmented ones is in the application
of group technology, through the use of man-
ufacturing cells producing families of parts
grouped on the basis of similar shapes and/or
processing requirements.

The flexibility of PA provides the potential
to achieve a better balance between the eco-
nomic considerations that determine techno-
logical choices and the social consequences of
those choices in the workplace. There are
cases where organizational and technological
changes have been combined successfully to
yield dramatic improvements in productivity
and effectiveness. 13 While these changes gen-
erally were motivated by factors other than
improving the work environment, organizing
work in ways that improve the work environ-
ment should result in economic payoffs as well
through better worker morale and productiv-
ity.

Many of the concerns about the introduction
of PA revolve around the changes it will bring
about in the organization and nature of work.
The choices made by those who design and
manage automated systems will have a pro-
found effect on how these systems influence
the work environment.

“Robert Zager and Michael P. Resow (eds.), The Innovative
Organization: Productivity Programs in Action (New York:
Pergarnon Press, 1982).

Changing Skill Levels

Chapter 4 discussed the changes in skill
levels and mixes that can be anticipated
through the introduction of PA on a large
scale. This section deals with work environ-
ment aspects of changing skills levels, in-
cluding perspectives gained from the OTA
case studies.

The ways in which work is organized and
jobs are designed will determine both the skills
needed to do a particular job and the overall
level of skills required in a workplace using
PA. In general, PA gives rise to a greater need
for conceptual skills (e.g., programing) and a
lesser need for motor skills (e.g., machining)
than are required for conventional equip-
ment.14 Zuboff describes the new relationships
between individuals and tasks that are created
by information technology as “computer-me-
diated.15 Computer-mediated work involves
the electronic manipulation of symbols—an ab-
stract activity rather than a sensual one. There
will be a greater need for workers to monitor
and maintain systems rather than to actual-
ly operate them, and more of the decisionmak-
ing capability will be programed into the tech-
nology. For instance, NC machines have the
potential to significantly lower skill require-
ments for operators, compared to conventional
automation.

In the small machine shops visited for the
OTA case studies, the owners all reported that
the use of NC allowed them to run their ma-
chines productively using workers with less
skill than would have been required on conven-
tional equipment. The use of NC did not make
machinists’ skills superfluous, nor did it
eliminate the need for some highly skilled
workers in the shop, but it did allow the shop
to function with a lower overall skill level in
its work force than was previously possible.
One shopowner commented:

—
“Barry Wilkinson, The Shopfloor Politics of New Technology

(London: Heinemann  Educational Books, lggsj.
15Shoshana  Zuboff,  “New Worlds of Computer-Mediated

Work, ” liarvard Business Review, September-October 1982,
pp. 144-45.
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Five, six years ago we were very dependent
on skilled labor, to the point where 1 spent
half my life on my hands and knees begging
somebody to stay and do something. And
they tended to be prima donnas: “I won’t
work Saturdays” and “I don’t work nights. ”
And this is one of the motivating factors in
bringing in NC equipment. That reduced our
dependency on skilled labor.

In situations where less overall skill is re-
quired the application of a higher level of skills
will usually result in a more efficient operation.
Even on a highly automated system, such as
a flexible manufacturing system, human input
remains important. The initiative and judg-
ment that are occasionally required for opti-
mum operation of such complex systems may
not be present if skilled craftsmen and/or high-
ly trained operators are not available.

The relative mix of skills required within the
organization as a whole may change with the
introduction of PA systems. This will vary
among firms, depending on their products and
processes. At the aircraft manufacturing firm,
establishing a “data stream” would affect the
company’s skill requirements throughout its
engineering operations. This would make the
jobs done earlier in the design-build process
broader and more technically detailed, while
reducing the autonomy of engineers and the
need for skills later in the process. This has
advantages for the aircraft industry because
of its particularly stringent needs for quality
control. As described by a company official:

A number of the people that are left will
be an element of a very controlled process.
The ingenuity of the craft will have been re-
moved. The advantage is to have more con-
sistent outcomes with the hiccups removed.
People’s actions will be more controlled by
strict procedures. The human part of the job
will be less evident.

At the same time, many relatively routine jobs
would be eliminated. - If accomplished, this
would bring about a substantial reconfigura-
tion of skill within the company, a reconfigura-
tion that will not necessarily be obvious from
a list of occupational titles.

At the body shop of the automaker, there
has been a distinct rise in the ratio of skilled
nonproduction workers to production workers.
This is due to reductions in the number of pro-
duction workers as well as increases in skilled
maintenance labor.

Training

Chapter 6 discusses in detail the changes in
education and training needs that will result
from the widespread use of PA. This section
provides perspectives that may go unrecog-
nized in explicit education and training-
oriented analyses and points to the fact that
attitudes about training complement other
attitudes and responses concerning new tech-
nology.

The OTA work environment case study in-
terviews detected widespread concern among
workers using automated equipment about
what they perceived to be inadequate train-
ing, particularly for their present jobs. The
chief complaints came from equipment oper-
ators and skilled trades people at the large
companies visited. Some of the interest in
training was motivated simply by curiosity
about the new computerized technology. How-
ever, most often operators felt that their lack
of training in the capabilities of their machines
made them less productive workers.

Machinists in the NC shop at the aircraft
company were the most vocal about their
training needs. Although the company spon-
sored after-hours courses, the operators re-
ported that these classes did not address the
specific capabilities of their machines. NC
operators were distressed about not knowing
more about their machines; they felt that they
could produce better parts if they were bet-
ter versed in the use of their equipment. One
machinist commented:

It’s like having a DC-3 pilot and walking
him over to a 747 and saying, “Now look guy,
it’s an airplane, too—use it to the fullest
extent it was made for . . . and if you don’t
know how to fly it, then check with the guy
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in the right seat because he has probably
been in it before and he will show you how
the ropes work. ”

Some maintenance workers also complained
about inadequate training. Maintenance per-
sonnel are expected to repair increasingly
sophisticated and complex electromechanical
equipment, and most of the maintenance
workers interviewed felt inadequately pre-
pared for this responsibility. Compounding
their sense of inadequacy was the rate of tech-
nological change, which could quickly make
even recently learned systems outdated, and
the pressure they felt to repair the costly and
complex technology in the minimum possible
time.

Another force motivating workers’ interest
in further training is the fear of displacement
as more and more jobs are affected by automa-
tion. The statement of an operator on the
FMS, who had bid onto the system partly be-
cause of his concern about being left behind
by changing technology, was typical--"If you
don’t get into it, you won’t be able to get by.
If you’re looking at 15 years or so before retire-
ment, you’ll be sweeping floors. ”

The majority of the managers and machin-
ists interviewed in the small shops believed
that training on conventional equipment was
an important prerequisite for effective per-
formance on NC equipment. It was not clear
whether they viewed the technical qualities of
NC to be the principal drawback of learning
machining on NC equipment only, or whether
their concerns had to do with how NC machine
operators are often trained (i.e., only on a
single machine, not taught to plan work, set
up, etc.). In the small shops, there were no
complaints from workers about the adequacy
of training. This may have been because the
employees did not expect the employer to pro-
vide training, or perhaps because there was
more informal training in small shops.

Occupational Safety and Health

The various forms of PA have both positive
and negative effects on the safety and health
of workers. In general, the introduction of PA

tends to have a favorable impact on the work
environment, although some new physical haz-
ards associated with the lack of immediate
worker control over system operations may
emerge. However, PA will create new situa-
tions, or perpetuate old ones, that may have
negative psychological effects on the work
force.

Overall, the potential physical hazards ap-
pear to be more amenable to solution than
some of the psychological ones because they
are more easily recognized and are less sub-
ject to the subtleties of individual personali-
ties. The relief of such symptoms as boredom
and stress is more challenging because they
are not as well measured or understood, affect
different people in different ways, and are
often complicated by other factors not directly
related to the workplace. In addition, a com-
mitment to alleviating monotony and stress
in the workplace usually involves major
changes in the way work is structured that can
pose problems for both managers and other
workers. These safety and health considera-
tions are discussed below.

Effects of PA on the Workplace

Programmable automation has a variety of
implications for health and safety in the work-
place. For instance, robots are amenable to
hazardous tasks in environments that are
unpleasant and unhealthy for human workers.
Thus, there can be a net positive effect on
workers when a robot is installed for this pur-
pose, providing the worker displaced is trans-
ferred to another job that is more pleasant or
is trained to monitor or maintain the robot.
A worker’s lot is considerably improved when
hard or dirty physical labor is assumed by a
robot.

However, certain precautions are necessary
to avoid unanticipated encounters between ro-
bets and humans. Statistics on such encoun-
ters in the United States are presently unavail-
able, although the Robotic Industries Associa-
tion (formerly the Robot Institute of America)
is planning to develop them. A recent Japa-
nese Ministry of Labor survey indicated that
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in that country, since 1978, there had been 2
workers killed, 9 injured, and 37 “narrow
escapes”; since near-accidents are not usual-
ly reported, the number of such incidents was
presumed to be much higher.16 As a result, the
Ministry of Labor is currently drafting regu-
lations dealing with robot safety. These reg-
ulations will make it mandatory to: 1) enclose
robots with a protective screen or fence, 2)
establish operating regulations with fail-safe
on-off buttons and possibly auditory signals
indicating the commencement of operation of
mobile robots, and 3) install safety switches
enabling immediate shut-down in case of emer-
gency. Also being considered is specialized
training on the safe operation of robots, as well
as the provision of clearer operating instruc-
tions, including visual aids.

In response to concerns about robot safety,
the Robotic Industries Association has orga-
nized a committee of robot producers to pro-
vide guidelines for the safe use of robots. In
addition, major robot users in the United
States, such as General Motors, Chrysler, and
Ford Motor Co., apply their own sets of safe-
ty standards (see table 50). The National In-
stitute for Occupational Safety and Health
(NIOSH) has a planning project under way
that will examine the potential health and safe-
ty problems associated with the introduction
of robotics and define the need for further re-
search. NIOSH is also developing guidelines

‘6’’ Microelectronics and Its Impact on Labor, ” report of the
Japanese Ministry of Labor, August 1983.

on sensor-based methods to prevent fatalities
and traumatic injuries during the maintenance
of automated machines.

A recent report prepared by the British Ma-
chine Tool Trades Association described the
potential hazards of robots and developed a
method of assessing the risks.17 According to
this report, the major new hazard is the work
envelope of the robot because it increases the
complexity of guarding arrangements. Unpre-
dictable action patterns, its ability to move in
free space, and the possibility of reconfigura-
tion all distinguish a robot from other auto-
mated equipment. The report refers to the fol-
lowing incidents of unpredicted robot move-
ment which have occurred:

aberrant behavior of a robot caused by a
control system fault,
jamming of a servo-valve,
robot movement cutting its umbilical
cord,
splitting of a union on an exposed hydrau-
lic pipe, and
fault in data transmission causing a larger
than anticipated movement of the robot
arm.

In addition, the report discusses recommen-
dations on design requirements and methods
of safeguarding, including safe systems of
work and rules for access to the robot. Advice

“’’Safeguarding Industrial Robots: Part I, Basic Principles, ”
a report of the Machine Tool Trades Association, London,
England, 1982.

Table 50.— GM Robot Safety Standards: Suggested Safeguards
——

Unauthorized Authorized
Safeguards intrusion Teach Maintenance Side by side
Mechanical stops ., .. .-, . . . . . ... ... . . . . ... . . . ... x x
Barriers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . x x
Lockout . . . . ... ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x
Limit detecting hardware ., . . . . . . . . . . . . . . . . . . ... . . . . . . x
Software limits ., ... . . . . . . . ... . . . . . . . ... . . . . . . x
Proximity detectors . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . x x
Presence detectors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x x
Vision optical systems ... ... . . . . . . . . . . . . . . . . . . . . . . x x
Robot deactivation . . . . . . . . . . . . . . . . . . . . . . . . . . . ... x x x
Slow speed, low power . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x x x
Excess-flow check valve (hydraulic fuses) . . . . . . . . . . . . . . . . . x x
Emergency stop (readily accessible) . . . . . . . . . . . . . . . . . . x x x
Warning methods ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x
SOURCE General Motors Corp Operations Safety and Health Manual, sec 28, January 1983
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on control systems, programing,maintenance,
and operation is included, together with a brief
summary of the legal requirements as they
currently apply in the United Kingdom.

In one manufacturing site visited by OTA
staff, a number of safety precautions for work-
ing with an arc-welding robot were observed. *
For instance, the robot is programed to work
in sequence at two stations, allowing the oper-
ator to set up or clear one station while the
robot works at the other. Pressure-sensitive
floor pads prevent the robot from working at
a station if a person is standing in a risky loca-
tion. Also, a flashing yellow light indicates
that the robot is on, and an alarm sounds when
the robot has finished a task. In order for the
robot to move from station to station, a relay
switch must be pressed. The opening of a pro-
tective chain around the area will cause a cir-
cuit to be broken and the robot will stop.

In the auto company case study, the intro-
duction of robot spot-welding removed auto
production workers from the point of contact
between weld gun and sheet metal, where
showers of sparks were generated. However,
it was generally agreed that the danger of in-
jury has escalated for repairmen who work
with equipment that cannot be pulled to one
side and replaced by a backup, but must be
repaired in place before operation can resume.
Dangers stem from the complexity, unfamili-
arity, and automatic nature of the new equip-
ment that may move without direct human
initiation and sometimes without warning.
The auto company safety administrator com-

mented :

. . . . In the old days, you had one [weld] gun,
and you could shut it down and work on it.
Now you’ve got this complicated mess. If you
don’t know what you’re doing, you could get
hurt. . . . We’ve had press injuries you didn’t
have before, and automatic clamps.

Product ion workers who were interviewed in

the auto plant believe that safety is poor in
the automated system. Two problems in par-
ticular disturbed them–pools of hydraulic oil

‘X~TA  site visit,  ~~rnhart cot-p.; United Shoe Manufacturing
Plant, Beverly, Mass., June 1983.

surrounding much of the automated machin-
ery and the increased risk of cuts with the ro-
botic welding system. The union committee-
man claimed that the pressure to quickly refill
the conveyors when part of subassembly suf-
fers a breakdown leads to safety hazards:

This [the need to catch up] is a real incen-
tive for people to cut corners . . . to take
chances. It’s one of the reasons we do have
a large number of lacerations. . . .

It is important to note in this case that,
while breakdowns are technological in nature,
the pressure to meet quotas in spite of equip-
ment failure is organizational. This situation
is not unique to PA, but the problem is exacer-
bated by a system designed in such a way that
equipment cannot be pulled to one side for re-
pair, and by the complexity and automatic na-
ture of the equipment. In addition, the high
capital cost of the equipment increases the
desire to use it to the fullest extent. This may
entail operating the line faster to makeup for
time when the machine is down, in order to
meet production goals.

The potential safety and health hazards for
workers using video display terminals (VDTs)
for CAD are very different from those for
workers using robots or other forms of PA on
the shop floor. Both the work performed and
the technology itself are substantially differ-
ent. Although there is documentation of in-
creased levels of stress among clerical workers
using VDTs for long periods of time, the prob-
lems are lessened when the terminals are used
as a tool to augment other activities, as in
CAD, and when workers retain their autono-
my and decisionmaking functions. Workers
and worker representatives continue to be con-
cerned about levels of radiation emitted by
VDTs, although evidence to date suggests
that the levels of radiation emitted by VDTs
are too low to be hazardous to health.18 Never-
theless, NIOSH is continuing research in this
area. Eyestrain and postural problems are con-
trollable to some extent through properly de-

‘s’’Video Displays, Work and Vision, ” report of the National
Research Council (Washington, D. C.: National Academy Press,
1983).
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signed workstations, lighting, and frequent
breaks.

Based on the technologies observed for the
OTA work environment case studies, the field
record of PA with respect to safety appears
to be mixed, which is to be expected with rel-
atively new technologies. On the one hand,
some types of automation remove production
workers from close contact with tools during
actual operation. Three different field ex-
amples suggest that automation can improve
safety by increasing the distance between
workers and the part being machined, assem-
bled, or processed: 1) the introduction of robot
welding removes workers from the point of
contact between the weld gun and sheet metal;
2) machinists on NC equipment work at a
greater distance from cutting tools and often
are separated by doors and enclosures; and 3)
at the agricultural implements firm, robots
rather than workers now spray-paint tractors
in an atmosphere filled with fumes.

On the other hand, it was noted that auto-
mated carriers, clamps, and fixtures move and
close without direct human initiation and
sometimes without warning. This can be par-
ticularly dangerous where adequate precau-
tions are absent and in highly pressured set-
tings, e.g., for maintenance workers who deal
with complex equipment on an assembly or
processing line that cannot start again until
they finish repair work. One worker at the agri-
cultural implements firm noted:

I’ve seen the thing move and nobody
touched a button. You’re dealing with some-
thing you can’t control. It’s created a whole
different type of problem—not necessarily
more problems—but different problems.

Working around complex machinery that can
move in several different directions according
to a plan that is not under the control of an
operator or repair person—and may not even
be well understood by those in the immediate
area-was mentioned by workers as a signifi-
cant safety hazard. The level of complexity on
programmable systems may make it difficult
for a worker to anticipate the system’s behav-
ior and avoid the risk presented by sudden and

unpredictable motion. This was demonstrated
in 1979 in Michigan when a worker was killed
when hit in the head by a “robot arm. ” The
worker was attempting to climb a storage rack
to get parts because a materials handling sys-
tem designed to fetch parts automatically had
been malfunctioning. Since the arm operated
silently, the worker was unaware it had re-
sumed activity.lg

Nevertheless, with appropriate precautions
the use of PA will reduce hazards in the work-
place. It also will allow new work in hazardous
environments such as toxic waste handling,
nuclear powerplants, and undersea activities.

Psychological Effects of PA on Workers

Computerized automation in manufacturing
has the potential for creating a number of psy-
chological impacts on workers. Some of these
effects may represent a temporary phenome-
non resulting from a mismatch of worker skills
and job requirements; i.e., experienced work-
ers may be either over- or under-qualified for
work they are doing on new automated sys-
tems.

Two of the principal effects, boredom and
stress, are often closely related in that long
periods of boredom at work can lead to stress
in some individuals. In other ways, they rep-
resent opposite ends of a spectrum of individ-
ual reactions to work responsibilities. Bore-
dom and stress in the automated workplace
can result from the characteristics of the de-
sign of the technical system and work orga-
nization, as well as from such factors as lot
size and the nature of the product manu-
factured.

Boredom.–PA technologies, such as NC
machine tools and flexible manufacturing sys-
tems, are usually designed to run with minimal
operator intervention. The human intervention
that is planned into the system is of a relative-
ly routine sort, such as making tool changes
or performing other preventive maintenance
duties. However, in OTA case study inter-

“L’Millions Paid in Robot Death, ” Chicago Tribune, ,4ug. 11,
1983.
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Photo credit: Lockheed-Georgia Co

Some types of automation remove production workers from close contact with tools, and considerably reduce
the physical effort required to operate them. Top photo—old method of routing flat sheet metal parts.

Bottom—new method, using an NC machine
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views, both the owners of small shops using
NC machines and the project manager of the
FMS acknowledged that operator input of
more than a routine nature, such as being alert
to problems and acting to eliminate or mini-
mize difficulties that may develop, was impor-
tant to the smooth functioning of the produc-
tion process. This need for alert and intelligent
operator intervention is at odds with an im-
portant aspect of the system’s design-the at-
tempt to remove the necessity for intervention
as far as possible. (However, some believe that
workers will always find ways to intervene in
automated processes.20)

Some NC operators, especially those mak-
ing long cuts on NC machines, reported being
bored for significant portions of their working
day. NC operators reported that the lethargy
that developed from long periods of inaction
interfered with their ability to do their work
most effectively. An NC machine operator at
the aircraft manufacturing company said:

The hardest thing to do is to keep yourself
on your toes checking the measurements.
Just because the tape says it’s good, it not
necessarily so . . . you get to relying on that
tape, and what the machine can do, and some-
times the boredom—you know, you’d just as
soon put another part on and just sit down
again.

The boredom inherent in running a machine
tool that can function automatically for peri-
ods of time is exacerbated in some cases by
long running times for individual parts, so that
there may be hours and sometimes even days
between changeovers when a new setup is re-
quired. Parts with long running times are par-
ticularly common in the aircraft industry, so
that machinists at the aircraft manufacturer
and at the small shops that were subcontrac-
tors to the aircraft industry encountered many
parts requiring lengthy cuts. Large lot sizes,
which demand that an operator make the same
part repeatedly, were also a factor in boredom.

On the FMS, boredom appeared to be less
of a problem for operators; this may have been
a function of the broader range of problems

—
‘“0’ Toole,  op. cit.

to which the system was subject. The larger
the number and variety of unanticipated
events, the less opportunity there was to be
bored. As with NC machine operation, the
slower periods when FMS operators appeared
to be idle were actually times when they were
overseeing the system and watching for prob-
lems. But it was difficult to sustain alertness
during these monitoring periods. Boredom
could set in because there was no immediate
need for active intervention and the applica-
tion of problem-solving skills. Because opera-
tors participated in the diagnosis and minor
repairs of the costly and complex systems,
periods of relative inactivity alternated with
periods of considerable stress and pressure
when problems arose with the system. This
situation is similar to a number of other work
environments that are highly computerized,
such as nuclear powerplants.

Boredom that resulted from the way work
was organized was a common complaint
among NC operators who were interviewed for
the case studies. Skilled NC operators who did
not write part programs (i.e., the majority of
those interviewed) reported that operating an
NC machine was significantly less interesting
and challenging than operating a conventional
machine. While it is technically possible for
NC machinists to do their own programing,
at least for simpler parts, shop floor program-
ing was rarely found in the sites visited for the
case studies, either in the small shops or in the
large NC machine shop at the aircraft manu-
facturing company. An experienced machinist
in one of the small machine shops commented:
“YOU get to be, in my opinion, on an NC, a lit-
tle weak-minded. ” Another said, “They’re
junk as far as I’m concerned. . . . You can take
a chimpanzee, the light goes on, push a but-
ton. ” In the sites visited, only the skilled
machinists who were able to do some program-
ing felt positive about NC machining. In the
small shops, some relatively inexperienced NC
operators who had been machinists for only
2 or 3 years reported fewer problems with
boredom, indicating that a worker’s previous
experience is an important factor.
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By removing programing from the shop
floor, the most interesting and creative part
of NC machining work has been taken out of
the hands of the machinist. If the equipment
operator were given the responsibility for de-
ciding how to make the part (to the extent this
is technically feasible and assuming the oper-
ator wanted the additional responsibility),
boredom would be substantially reduced. A
machinist in a small machine shop said:

How could you make the job more interest-
ing? With a machine like this [an NC lathe],
get a good operator who knows what he’s do-
ing, . . . give him a chance to do a setup and
learn how to program the machine, so that
he can look at the readout, and he can under-
stand what the machine is doing, not just
stand here and just wait and then push the
button and take the part out–that would
help for a while.

In some settings, however, programing or
editing on the shop floor may be unavoidably
constrained. In defense applications, for exam-
ple, NC programs maybe certified by the De-
partment of Defense, a situation that militates
against ad hoc changes by machinists.

Stress.–As in many workplaces, work-re-
lated stress is a significant feature of compu-
ter-automated workplaces. Evidence from the
OTA work environment case studies suggests
that for many workers stress is an important
factor in the work environment, particularly
for employees who have responsibility for very
complex and expensive systems. Two major
sources of automation-related stress were iden-
tified: 1) stress associated with working on
very complicated, capital-intensive, and highly
integrated systems; and 2) the lack of auton-
omy at work, extending in some cases to com-
puterized monitoring by management. In
many cases, stress may be considered a tem-
porary byproduct of the change process itself;
in others, it may become a permanent feature
of the work environment.

In the plants studied, maintenance workers
and equipment operators who had some main-
tenance duties reported substantial stress
associated with having the responsibility for

maintaining sophisticated, costly, and inter-
dependent automated systems such as the ro-
botic welding system at the auto plant or the
materials handling system at the agricultural
implements manufacturer. The combination of
the complexity of the system and the pressure
to minimize downtime because of the high cost
of lost production added up to substantial
stress for some maintenance workers assigned
to systems of this sort-a problem intertwined
with but also distinct from the physical haz-
ards that such stress produces.

The most vivid example of this type of
stress was in the body shop of the automaker,
where welder repair supervisors reported be-
ing under extreme pressure. In the area of the
body shop where the side aperture robotic
welding/automotic re-spot line is located, there
had been a 150 percent annual turnover rate
among first-line supervisors. A general fore-
man said:

This has been the hardest 3 years of my life.
There isn’t any relaxation . . . I’ve walked out
of here and sat in my car, unable to move, get-
ting myself together.

The highly integrated nature of the automated
framing system, which links in series complex
electronic and mechanical components, means
that a failure in one part of the system spreads
quickly to other areas.

The high cost of the equipment in the auto-
mated body shop is a further source of stress.
Thousands of dollars worth of damage maybe
done if a supervisor, in haste, misdiagnose a
problem. The same problem was mentioned in
regard to the FMS of the tractor producer. As
one operator put it:

When you’re first down there you’re just
nervous. Because everything’s so expensive
you don’t want to break anything.

Another source of stress for workers on
automated systems comes from system unpre-
dictability. Computerized automation, as an
electrician at the tractor assembly plant said,
“is made to go and stop on its own program. ”
A machinist at a small machine shop made a
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similar comment about working on NC ma-
chine tools:

These NC machines—they’re unpredicta-
ble. You don’t know what it’s going to do, the
first time you run that program. You’re al-
ways on edge until it’s proved out.

The reduction in autonomy at work can take
its toll in stress on the worker. In all of the
work sites visited for the case studies, man-
agers spoke about using PA to establish bet-
ter planning and allocation of all the firm’s
resources. A frequently mentioned benefit in
batch production was faster throughput, the
ability to complete the production of a part in
less time, as a result of more effective direc-
tion of the part’s movement through the shop.
The particular organizational choices manag-
ers made to establish greater control resulted
in less autonomy for the workers involved. In
general, reduction in amount of autonomy on
the job is likely to be more stressful where
workers previously had a greater degree of au-
tonomy and now have either less or none at
all. It also would be different in degree depend-
ing on the experience and expectations of the
individual worker.

Analyzing studies of Swedish and American
men, Dr. Robert A. Karasek found that work-
related strain was a function not of heavy job
demands alone, but of the combination of
heavy job demands with restricted job control
and decisionmaking latitude. 21 He concludes:

. . . the opportunity for a worker to use his
skills and to make decisions about his work
activity is associated with reduced symp-
toms (of stress) at every level of job demands.
We do not find, therefore, support for the be-
lief that most individuals “overburdened”
with decisions face the most strain in an in-
dustrialized economy. Literature lamenting
the stressful burden of executive decision-
making misses the mark. Constraints on deci-
sionmaking, not decisionmaking per se, are
the major problem, and this problem affects
not only executives but workers in low status
jobs with little freedom for decisionmaking

“Robert A. Karasek,  Jr., “Job Demands, Job Decision Lati-
tude, and Mental Strain: Implications for Job Redesign, ” Ad-
ministrative  Science QuarterI-v (24), June 1979, p. 303,

. . . e.g., assembly workers, garment stitch-
ers, freight-and-materials handlers, nurse’s
aides and orderlies, and telephone operators.

Machine-paced work, such as was found at
the agricultural implements company and at
the auto manufacturer, affects autonomy. As-
sembly workers at both companies were paced
by the speed of the line, so that both the rate
of their work and the timing of their breaks
were out of their control (and also unpredict-
able, in the case of downtime). Lack of auton-
omy is not, of course, a new issue on the shop
floor; it is not easily alleviated, and may in-
deed be aggravated, by the introduction of
PA.

The increased visibility of shop operations
made possible by computerized monitoring
and scheduling systems allows management
to spot bottlenecks more readily and take cor-
rective action when necessary. However, what
information is gathered and how it is used can
result in new forms of control, both subtle and
direct, over worker activities. Electronic
monitoring of worker performance, and the ap-
prehension it engenders in workers, can also
add to stress in the workplace.

One system observed in the site visit to the
aircraft manufacturer monitored production
at 66 NC machines that are directly wired into
the system. The goal is to establish direct feed-
back from the shop floor to management about
how an important element of the NC program
—the control of machine feeds—is carried out.
The system and a panel that shows the status
of each machine-running, running at less
than 80 percent, down, or temporarily halted
for part handling-is housed above the shop
floor in a control room with a view of the sur-
rounding machines. By looking at a panel, a
supervisor can tell the status of all the ma-
chines in a given jurisdiction. Moreover, super-
visors obtain daily reports from the system,
and weekly and monthly tabulations are made
in chart form for upper management.

The system seems to be widely accepted,
even though some operators are apprehensive
about its monitoring capabilities. (One machin-
ist said: “It’s like having a big television cam-
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era looking over my shoulder.”) One of the
reasons it has been accepted is that certain
limits on its use by management are fairly well
established after several years of operation.
The company has an agreement with the union
that information from the system will not be
used to discipline employees, although oper-
ators said that individual supervisors could ex-
ercise various sorts of informal discipline if
they so chose. Monitoring, which is not a new
issue on the shop floor, was also emerging as
an issue among engineers at the company be-
cause of the potential use of CAD terminals
for monitoring the amount of time spent at the
terminals by individual engineers. The capa-
bilities of the technology are thus expanding
the concerns about computer monitoring into
higher levels of the organization, affecting per-
sonnel who lack prior experience with or cop-
ing mechanisms for it.

Labor-Management Relations

The effects of PA on the work environment
will be determined in part by management’s
motivations for automating and by the nature
of labor-management relations. * Management
might decide to introduce PA for a variety of
reasons, such as: 1) to improve productivity,
2) to reduce costs, 3) to standardize produc-
tion methods, 4) to enable the use of workers
with fewer skills, 5) to increase control over
the pace and quality of production, and 6) to
get on the technological bandwagon. Who
makes the decision in the organization will also
have an important effect on the results. Re-
search suggests that managers often lack the
background to assess the technological op-
tions, while staff familiar with the new tech-
nologies are less able to appreciate associated
strategic dimensions.22

*This di9Cu99ion  focuses on work environment issues;  it eX-
cludes  wages, benefits, and other industrial relations issues. For
additional discussion, see OTA Technical Memorandum “Au-
tomation and the Workplace: Selected Labor, Education, and
Training Issues, ” March 1983.

‘zStephen R. Rosenthal and Homayoun Vossoughi,  “Factory
Automation in the U. S.: Summary of Survey Responses and
Initial Commentaries, ” School of Management, Boston Univer-
sity, March 1983.

Once the decision is made, the strategies
employed by management for introducing PA
are key in determining its impacts. Prior ex-
perience seems to be an important factor in
how an organization copes with additional
automation. 23 Also, the introduction of new
technology may be facilitated by good intra-
company communications and a “par-
ticipative” management style.24 Where the
knowledge and expertise of workers is factored
into the decisionmaking surrounding new tech-
nology, and information is shared, implemen-
tation problems may be minimized somewhat.
In the agricultural implements case study,
when asked what he would do differently,
given another opportunity, the plant’s
manager of manufacturing replied:

We would bring in the electrical and me-
chanical skilled trades people earlier so they
could see the equipment installed. . . . We
would have our own skilled trades people look
over the shoulder of the installers. . . . We
would also have brought in more systems
people earlier, especially systems people with
shop savvy.

Cooperative arrangements between universi-
ties and manufacturing firms may be useful
devices for introducing new technologies. For
example, Worcester Polytechnic Institute and
the Emhart Corp. joined together to form an
on-campus research center to work on prac-
tical applications problems involved in in-
troducing robotic systems to Emhart’s oper-
ating divisions.25 Relevant personnel at all
levels (production, support, and professional)
participated in applications development and
preparation.

The nature of labor-management relations
will affect the implementation of new technol-
ogy and its consequences for the work environ-
ment. Cooperation between employers, work-
ers, and society in determining the design, im-
plementation, and pace of change would tend
to minimize potential negative effects of tech-

*sDonald Gerwin, “Do’s and Don’ts of Computerized Manufac-
turing,  ” Harvard Business Review, March-April 1982, p. 110,

24The Impact of Chip Technology, op. cit., p. 8.
“OTA Education and Training case study.
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nological   innovation.26 Such cooperation, how-
ever, will require mutual trust among the par-
ties involved. While such trust traditionally
has not been a hallmark of labor-management
relations in the United States, some observers
predict that American industrial relations will
become more hospitable to collaboration in the
near future due to such pervasive circum-
stances as intense foreign competition and
technological change.

In response to changing worker expecta-
tions, management increasingly has been
forced to pay greater attention to the needs
of its work force, beyond the traditional ones
of fair wages and benefits. This trend has been
growing since the 1960’s and 1970’s, and is not
limited to either new technology or PA. In ad-
dition to such provisions as profit-sharing and
job security, workers have been demanding a
greater say in matters that directly affect their
workplace; where management has begun to
tap into this knowledge and experience they
have often discovered a new source of support
and insights.

The attention being given in the United
States to the Japanese style of labor-manage-
ment relations seems to be affecting the nature
of labor-management relations in this country.
In particular, cooperative labor-management
efforts in solving workplace problems have
been gaining popularity in the United States.
These innovative work experiments are known
by a variety of names, including Quality of
Working Life Programs, Quality Circles, La-
bor/Management Committees, and Employee
Involvement Programs. A recent Department
of Labor document identifies and describes
over 200 cooperative labor-management pro-
grams; 27 the International Association of Qual-
ity Circles promotes quality circles through
conferences, training activities, and educa-
tional materials; and consulting firms are be-

“Donald Kennedy, Charles Craypo,  and Mary I.ehman  (eds.),
Labor and Technology: Union Response to Changing Environ-
ments (Department of Labor Studies, The Pennsylvania State
University, 1982).

“’’Resource Guide to Labor-Management Cooperation, ” U.S.
Department of Labor, Labor-Management Services Adminis-
tration, October 1983.

ginning to provide guidance for setting up
such efforts. Membership in participative pro-
grams is usually voluntary, and training in
problem-solving techniques is provided. Gen-
erally, their purpose is to identify and help to
solve everyday problems on the job. Such pro-
grams have had mixed results, reflecting the
diversity of approaches taken, management
styles, and work force heterogeneity. This
makes it difficult to generalize about the goals
of these programs or to evaluate their effec-
tiveness.

Cooperative efforts can occur in either union
or nonunion settings. Indeed, their presence
in nonunion settings is attributed by some as
a factor constraining further unionization. In
plants that are unionized, cooperative groups
usually deal with workplace issues that fall
outside the collective bargaining framework.
Quality circles, modeled after the quality con-
trol circles in Japan, are usually management-
initiated to improve product quality and pro-
ductivity. For this reason, some unions view
them as management devices to increase pro-
ductivity at the expense of workers, and some-
times as a way to fight unions, rather than as
efforts to increase worker participation. The
fragility of some quality of work life (QWL)
programs has been demonstrated recently
when UAW union locals in GM plants in both
Michigan and California called for either dis-
bandment or reevaluation of QWL programs,
criticizing management for abusing the coop-
erative spirit of the programs.

In the case of the introduction of new tech-
nology, successful labor-management cooper-
ative efforts should have a positive effect on
the way in which it is perceived in the work-
place. For instance, the UAW-Ford Employee
Involvement Program is viewed by employees
as having a beneficial effect on their jobs and
the work environment.28 Where such programs
are functioning well, they could help to ease
the changes brought about by the introduc-

—.
“’’UAW-Ford Employe Involvement: A Special Survey Re-

port, ” Center Report 1, UAW-Ford National Development and
Training Center, 1982.
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tion of PA. The principal uncertainty sur-
rounding such programs appears to be, how-
ever, their relationship to the perhaps more
fundamental issue of job security. Labor-man-
agement cooperation appears to be sounder
where the fact of jobs is not in question.

If PA is perceived to be a growing threat to
job security, that perception may interfere
with other labor-management cooperative pro-
grams. Other factors that may hinder new
joint programs are the reluctance of parties
to fundamentally revise their attitudes, exter-
nal events such as a recession, and lack of com-
mitment by one or the other party.29 Some ex-
perts believe that shifts in labor-management
relations in recent times have been the result
of recession and do not represent any funda-
mental change in the attitudes of either man-
agement or labor.30 The tenor of negotiations
in major collective bargaining to take place in
1984 and beyond will bear watching to see if
there are perceptible trends in a changing cli-
mate of labor-management relations.

The latest Bureau of Labor Statistics data
(September 1981) give the number of employed
wage and salary workers in labor organiza-
tions as 23 percent and the percentage repre-
sented by labor organizations as 25.7 percent,
although the proportion varies among indus-
tries (see table 51).31 Experts suggest that
these percentages are currently a few points
lower. The approaches to new technology and
accompanying levels of concern have varied
among unions, although overall concern is
growing. While the views of unionized workers
concerning new technology are known, less is
known about the attitudes of workers in non-
unionized companies. However, they would
likely cover a broad range depending on the
size of the company and the type of labor pol-
icies employed. One study found that some of

“Irving H, Siegel and Edgar Weinberg, Labor-Management
Cooperation: The Amen”can Experience (Kalamazoo: W. E. Up-
john Institute for Employment Research, 1982).

30Sar A. Levitan and Clifford M, Johnson, “Labor and Man-
agement: The Illusion of Cooperation, ” Harvard Business  Re-
\’iew,  September-October 1983, p. 8.

“’’Earnings and Other Characteristics of Organized Work-
ers, ” U.S. Department of Labor, Bureau of Labor Statistics,
September 1981,

the large nonunion companies resembled the
large unionized companies in their labor prac-
tices, and some even had policies that were
more restrictive than those of union contrac-
tual arrangements.32 In the small nonunion
shops visited for OTA work environment case
studies, workers interviewed seemed to accept
the fact that the future lies in increasing
automation, whether or not they like it
personally.

Unions have attempted to minimize what
are perceived as the socially harmful effects
of new technologies on the labor force, such
as job displacement and deskilling. Such ef-
forts include collective bargaining, organizing,
and political strategies.33 For instance, tech-
nology clauses are becoming more common in
collective bargaining agreements, and some
unions provide model contract language to
their local bodies that covers the introduction
of new technology. Adjustment procedures
and programs, such as advance notice and pro-
visions for training related to new technology,
increasingly are included in union contracts.
Recently AT&T and the local operating com-
panies that were spun off in January 1984
agreed to offer retraining for other company
jobs at company expense, and thus job securi-
ty, to any worker whose job will be eliminated
by the introduction of new technology.

The International Association of Machinists
and Aerospace Workers’ Technology Bill of
Rights, which outlines a specific list of worker
rights with respect to the introduction of new
technologies, has been provided to local unions
as a guide to be used during contract negotia-
tions (see table 52). However, in a recent con-
tract negotiation in California the company ig-
nored the union request for one of the items
listed on the Bill of Rights–the retraining of
workers whose jobs are eliminated because of
new technology .34
-—

32Jack  Stieber, Robert B. McKersie, and D. Quinn Mills (eds.),
U.S. Industrial Relations 1950-1980: A Critical Assessment
(Madison, Wis.: Industrial Relations Research Association,
1981), from chapter entitled “Large Nonunionized Employers”
by Fred K. Foulkes.

“Kennedy, Craypo,  and Lehman, op. cit.
“’’Machinists Clear Pact With McDonnell, Bolstering Firm’s

Tough Stand on Costs, ” Wall Street Journal, Nov. 8, 1983.
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Table 51 .–Employed Wage and Salary Workers Represented by Labor Organizationsa by Occupation and Industry, May 1980
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Table 52.–Workers’ Technology Bill of Rights

1.

Il.

Ill.

Iv.

v.

VI.

VII.

New Technology shall be used in a way that creates jobs
and promotes community-wide and national full employ-
ment.
Unit Labor Cost savings and labor productivity gains
resulting from the use of New Technology shall be
shared with workers at the local enterprise level and shall
not be permitted to accrue excessively or exclusively for
the gain of capital, management, and shareholders.
Local communities, the states and the nation have a right
to require employers to pay a replacement tax, on all
machinery, equipment, robots, and production systems
that displace workers, cause unemployment and, thereby
decrease local, state, and federal revenues.
New Technology shall improve the conditions of work
and shall enhance and expand the opportunities for
knowledge, skills, and compensation of workers. Dis-
placed workers shall be entitled to training, retraining
and subsequent job placement or re-employment.
New Technology shall be used to develop and strength-
en the U.S. industrial base, consistent with the Full
Employment goal and national security requirements,
before it is licensed or otherwise exported abroad.
New Technology shall be evaluated in terms of worker
safety and health and shall not be destructive of the
workplace environment, nor shall it be used at the ex-
pense of the community’s natural environment.
Workers, through their trade unions and bargaining units,
shall have an absolute right to participate in all phases
of management deliberations and decisions that lead or
could lead to the introduction of new technology or the
changing of the workplace system design, work proc-
esses and procedures for doing work, including the shut-
down or transfer of work, capital, plant and equipment.

Vlll. Workers shall have the right to monitor control room
centers and control stations and the new technology
shall not be used to monitor, measure or otherwise con-
trol the work practices and work standards of individual
workers, at the point of work.

IX. Storage of an individual worker’s personal data and in-
formation file by the employer shall be tightly controlled
and the collection and/or release and dissemination of
information with respect to race, religious or political
activities and beliefs, records of physical and mental
health disorders and treatments, records of arrests and
felony charges or convictions, information concerning
sexual preferences and conduct, information concern-
ing internal and private family matters, and information
regarding an individual’s financial condition or credit
worthiness shall not be permitted, except in rare cir-
cumstances related to health, and then only after con-
sultation with a family or union-appointed physician,
psychiatrist or member of the clergy. The right of an in-
dividual worker to inspect his or her personal data file
shall at all times be absolute and open.

X. When New Technology is employed in the production
of military goods and services, workers, through their
trade union and bargaining agent, shall have a right to
bargain with management over the establishment of
Alternative Production Committees, which shall design
ways to adopt that technology to socially-useful produc-
tion and products in the civilian sector of the economy.

SOURCE International Association of Machinists and Aerospace Workers

One of the most controversial subjects of
labor-management relations involving the in-
troduction of new technology will be work
rules. Work rules are central to the collec-
tive bargaining system in the United States,
and are viewed by some as one of its great
strengths.

35 This system of job control is also
closely related to the tenets of Taylorism that
break down work into sets of discrete tasks.36

In work sites that are becoming more and
more automated, management is likely to de-
mand increasing flexibility in deploying work-
ers. As noted in chapter 4, successful imple-
mentation of PA may involve substantial
changes in production processes and in the
nature of work to be done by people as op-
posed to machines. These changes will raise
questions concerning job definition-about
which tasks are combined to make which jobs.
Work rules assure that certain jobs contain
certain tasks, but PA may make such jobs ob-
solete. Job definition changes may be reflected
in collective bargaining requests from manage-
ment for relaxing and changing work rules, in
return for union demands for worker benefits
such as job security or profit-sharing. In this
respect, nonunion shops may be able to re-
spond more quickly to the changing workplace
demands of new technology.

Any discussion of restructuring work in au-
tomated environments in ways that would en-
hance the workplace needs to be framed in the
context of how the work rule issue evolves.
Management’s ability to take innovative ap-
proaches to implementing PA may be con-
strained by work rules that are outmoded and
difficult to change. In return for increased flex-
ibility in deploying workers, management may
need to be more responsive in such matters as
increased labor involvement in decisions con-
cerning the implementation of new technology
or job security.

‘sRobert  M. Kaus, “The Trouble With Unions, ” Harper’s,
June 1983, p. 29.

“Michael J. Piore, “American Labor and the Industrial Cri-
sis, ” Challenge, March-April 1982, p. 9.
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European and Japanese Experiences

In Western Europe and Japan, mechanisms
for dealing with workplace concerns have gen-
erally been applied to the introduction of new
technology, and in many cases the laws specify
how such introduction is to be handled. For
example, the laws of West Germany, Norway,
and Sweden provide for worker involvement
in technology issues, and labor is routinely rep-
resented on corporate boards. It is important,
however, to point out that the culture and tra-
ditions of Europe and Japan regarding atti-
tudes and practices in the workplace differ
from the those of the United States, especial-
ly in the area of labor-management relations.
In general, the labor-management relations of
these countries are characterized by a more
cooperative atmosphere and greater worker
participation than has been the case in the
United States.

Japan

There seems to be a broad consensus among
labor, management, scholars, and the govern-
ment in Japan that new technologies should
be applied in ways that will humanize life and
the quality of work.37 For example, in 1983,
a joint effort of government, industry, and
academia began to develop robots to perform
jobs too hazardous or unhealthy for human be-
ings (known as “extreme-job’ robots) .38

Much has been written about Japanese
management style and its effect on the work
environment. In particular, the nature of labor-
management relations provides many oppor-
tunities for information exchange and sharing,
both between management and labor and
among workers themselves.39 Such informa-
tion-sharing is key in Japanese companies, and
— --—

‘-Kazutoshi  Koshiro, “The Employment Effect of Microelec-
tronic Technology, ” Highlights in Japanese Industrial Rela-
tions, The Japanese Institute of Labor 1983, p. 87.

3R4’Gov’t-Industry  Project Will Start On ‘Extreme-Job’ Ro-
bets, ” The Japanese Economic Journal, Mar. 8, 1983, p. 10.

‘9Haruo Shimada, “Japanese Postwar Industrial Growth and
Labor-Management Relations, paper presented at the 35th An-
nual Meeting of American Industrial Relations Association,
December 1982, p. 7.

provides the basis for quality circles at firm,
plant, and workshop levels. It is also effective
in the introduction and use of new technologies
such as PA.

There are two principal types of worker par-
ticipation in Japan that exist primarily in the
private sector: 1) direct shop floor participa-
tion, such as small group participative activi-
ties like quality control circles; and 2) indirect
representational forms, such as labor-manage-
ment consultation systems.40 Small production
study groups have played a vital role in de-
veloping employee participation in problem-
solving. Unions and quality control circles
have often been involved in designing robot
applications within the plants. Those compa-
nies with the most active quality control cir-
cles have also been the leaders in the use of
robots .41

Participatory work structures represent one
of a number of actions designed to deal with
the effects of labor shortages in Japan.42 They
were usually introduced as part of a corporate
strategy to make firms more attractive to
highly educated potential recruits and to
reduce the likelihood of turnover and labor
unrest. Thus, worker participation originally
was more an obligation of each employee than
an opportunity to actively participate in solv-
ing workplace problems.

Quality control circles often provide a good
opportunity to promote “humanization of
work” in the workplace.43 Workers are taught
fairly simple statistical quality control tech-
niques and modes of problem-solving. They are
guided by leaders, often foremen, in the selec-

—
‘“Robert E. Cole, “Participation and Control in Japanese In-

dustry, ” prepared for Conference on Productivity, Ownership
and Participation, Agency for International Development, U.S.
Department of Labor, May 1983.

“Paul H. Aron, “Robotics in Japan: Past, Present, Future, ”
a presentation to Robots VI Conference, March 1982, p. 4.

42 Cole, op. cit.
4’Takeshi  Inagami,  “QC Circle Activities and the Suggestion

System, ” Highlights in Japanese Industrial Relations, The Jap-
ane`se Institute of Labour. 1983, p. 67.
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tion and solving of job-related quality prob-
lems.

The second type of worker participation is
the labor-management consultation system, a
representational form of participation by
union officials on behalf of employees in which
employers and employees discuss manage-
ment policies and plans.44 The focus is on im-
proving communications between manage-
ment and labor, improving working condi-
tions, and stabilizing labor relations. Joint con-
sultation provides a framework in which ne-
gotiations on working conditions can be con-
ducted on a continuous basis rather than as
a focus of collective bargaining. Participants
do not view them as providing the primary ba-
sis for increased worker participation in man-
agement.

While popular accounts of Japanese labor-
management relations highlight labor’s input,
on closer inspection it can be seen that man-
agerial control is strong. Matters relating to
the operation of the firm, production, and per-
sonnel are most often settled by company no-
tification or explanation.4s Management re-
tains its prerogative to act unilaterally but,
where possible, uses the joint consultation sys-
tem to solicit worker and union opinion. Man-
agement carefully controls and guides the ac-
tivities of small group participatory activities,
and would resist more direct threats to its pre-
rogatives that might be tried through legis-
lative means.46 This system is facilitated by
a relatively high level of homogeneity in the
Japanese population and labor force.

The Japanese system offers several advan-
tages relative to the introduction of new tech-
nology. Generally, where new technology is in-
troduced workers are reassigned rather than
laid off. However, there are signs that this
Japanese practice, which in the past has been
an understanding and not contractual in na-
ture, may be changing (see ch. 4). Recently
there has been evidence that Japanese work-
ers are becoming more concerned about the
impact of new technology on employment.

“Cole, op. cit.
“Ibid.
“[bid.

Unions have begun to win agreements aimed
at protecting workers against the potential
negative effects of automation.

For example, Nissan Motor Co. and auto
workers have negotiated what is likely to be-
come a model technology agreement for other
unions. It requires “consultation” between
labor and management before the introduction
of labor-saving automation and prohibits the
company from dismissing or laying off work-
ers because of new technology. Nissan prom-
ises not to downgrade positions or reduce
wages and working conditions, and agrees to
provide union members with necessary educa-
tion and training to facilitate adjustment, in
accordance with their aptitude and ability. The
fact that this is a written agreement rather
than a tacit understanding makes this con-
tract important and unique in Japan.

While quality control circles are widely used
in Japan, it is interesting to note that the Jap-
anese companies operating in the United
States have been much more cautious about
instituting such mechanisms because of dif-
ferences in the work environment and a much
more heterogeneous work force. Where such
practices are instituted, they are usually in-
troduced very gradually to allow time for
workers to adjust to the information-sharing
and to learn the problem-solving techniques
of quality circles. The Nissan truck plant in
Smyrna, Tenn., which opened in 1983, will be
watched carefully as an experiment in Japa-
nese management applied to an American
work force. Early reports give it high marks,
but some observers suggest that it is too early
to evaluate how well it will work over time.

Norway and Sweden

There are several Scandinavian attempts to
ensure worker involvement in anticipating and
controlling the effects of new technologies on
the workplace.

In both Norway and Sweden, workplace leg-
islation is in effect and workers are repre-
sented on corporate boards.

In Norway, the unions, employers, and the
state have tried to shape the actual direction
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of technological change.47 The 1977 Working
Environment Act gave workers the right of
advance notice of all proposed technological
changes, access to company data banks, and
participation in all decisions that affect the
form and content of their jobs.48

Legislation has specified conditions to the
extent of mandating efforts to avoid undiver-
sified, repetitive work and work that is gov-
erned by machine or conveyor belt in such a
manner that the employees themselves are
prevented from varying the speed of the work.
Otherwise “efforts shall be made to arrange
the work so as to provide possibilities for var-
iation and for contact with others, for connec-
tion between individual job assignments, and
for employees to keep themselves informed
about production requirements and results. ”49

Technology agreements negotiated by labor
and management also affect the ability of
workers to influence the direction of workplace
technological change.”) They establish a vari-
ety of rights for workers in the areas of infor-
mation, training, participation, and bargain-
ing concerning technology-related matters in
the workplace. Workers are guaranteed both
job-related training and general education
about technical systems and their design.

In Sweden, two laws protect employees in
relation to workplace changes. The first is the
Act on Employee Participation in Decision-
making (1977), which obliges the employer to
inform and negotiate with the union before
making decisions on any major operational
changes, including implementation of new
technology .5’ The second law, the Swedish

‘%e.slie  Schneider, “Technology Bargaining in Norway. ” pre
pared for the Ministry of Local Government and Labor, Oslo,
Norway, March 1983,

‘“Robert  Howard, “Brave New Workplace, ” Work”ng Papers
for a New Societjr,  vol. 7, November-December 1980, p. 28.

‘gAct of 4 February 1977 relating to Worker Protection and
Working Environment, as subsequently amended last by Act
of 13 June 1980, Directorate of Labour Inspection, Oslo, Nor-
way, November 1980.

5“Schneider,  op. cit.
51 Kerstin Norrby and Barbara Klockare, The Swedish Agen-

cy for Administrative Development, “Decision-making, Assess-
ment of Effects and Participation Regarding Computerization
in the Swedish Governmental Administration, a paper to the
Conference on System Design, IFIP Working Group, September
1982.

Work Environment Act of 1978, sets out gen-
eral demands that can be made with regard
to working conditions. It includes basic rules
on both the physical and the psychological
work environment. An essential point is that
employees are to have an opportunity to in-
fluence the design of the work environment.
The focus is on the working premises, equip-
ment, techniques, and working methods. Both
laws are supplemented by collective agree-
ments between employers and employees.

In addition to work environment laws, in-
dications are that the Swedish Government is
committed to research in how changing tech-
nologies affect workers. 52 The pivotal research
institution in the work environment field in
Sweden is the research department of the
National Board of Occupational Safety and
Health. A large proportion of total funds al-
located for work environment research in Swe-
den is awarded by The Swedish Work Envi-
ronment Fund. Founded in 1972 and financed
by means of a payroll tax levied on all employ-
ers, the Fund supports research and develop-
ment, training, and information to improve the
work environment in a broad sense, including
co-determination (requirement that employers
negotiate with unions on any plans for major
changes in company activities), psychosocial
work environment problems, and work orga-
nization. 53

The Swedish Centre for Working Life is an
independent research institute supported by
the Fund and the government. It focuses on
research problems concerned with individuals
and groups in working life, industrial relations,
co-determination, the organization of work,
and its mode of operation.

A recent summary of considerations and
proposals put forth by the Swedish Commis-
sion on the Effects of Computerization on Em-
ployment and Working Environment, pub-
lished in April 1981, states:

“Dennis Chamot and Michael D. Dymmel, ‘(Cooperation or
Conflict: European Experiences With Technological Change at
the Workplace” a publication of the Department for Profes-
sional Employees, AFL-CIO, Washington, D. C., 1981.

““Programme of Activities and Budget 1981 -82-1983-84,”
Swedish Work Environment Fund, 1982.
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It goes without saying that the Commis-
sion holds the view that all possibilities to in-
fluence how computer technology is used
should be fully exploited.64

This includes the use of industrial robots to
eliminate heavy, monotonous, restrained jobs
and jobs that are hazardous to health. The
Commission also concluded that an increase
in the use of computer technology in manufac-
turing processes increases isolation at work.
It endorsed new technology if its use includes
both an effort to create a better working en-
vironment and co-determination exercised by
employees.

West Germany

In West Germany, research in the areas of
humanization of work and co-determination
are considered to be closely related.55 The gov-
ernment has funded work humanization proj-
ects since 1974, including safety and health
and work reorganization. Germany’s co-deter-
mination law requires that workers be repre-
sented by an elected works council that works
with management on productivity and other
issues. However, the extent to which ordinary
employees have input to the works councils
is questionable.56 German managers are legally
obligated to negotiate all major decisions at
the plant level with the work councils and sub-
mit the outcome to the supervisory boards
(equivalent to American boards of directors).
According to a recent analysis, “Their [Ger-
man] commitment to technological expertise,
enduring customer relationships, long-term
results, and the achievement of consensus
leads most successful German companies to
work closely with their employees in integrat-
ing new technology with the capabilities of the
work force. “57

—- .
“From a summary of considerations and proposals put for-

ward by the Swedish Commission on the Effects of Computer-
ization on Employment and Working Environment in its report
“Computerization in Industry-Effects on Employment and
Working Environment, ” April 1981.

55Charnot  and Dymmel, op. cit.
““Moving  Beyond the Assembly Lines,” Business Week, July

27, 1981, p. 87.
“Joseph A. Limprecht and Robert H. Hayes, “Germany’s

World-Class Manufacturers, ” Harvard  Business Review,
November-December 1982, p. 142.

During the 1960’s, the social implications
of increasing automation and rationalization
measures fueled the debate over the reform of
working conditions. In addition to the preven-
tion of accidents and occupational diseases,
the improvement of working conditions began
to include, for example, ergonomic workplace
and machine design, as well as new forms of
organization of work permitting greater indi-
vidual responsibility and more opportunities
for acquiring qualifications.

These activities gave rise to the Humaniza-
tion of Working Life Program in 1974 in the
Federal Ministry of Research and Technology
and the Federal Ministry for Labor and Social
Affairs. The general objective of this research
program is to investigate the possibilities for
better adapting working conditions to human
needs. It combines the goal of establishing im-
proved health protection on the job with that
of achieving better opportunities for employ-
ees to gain qualifications and develop their
abilities. The program includes projects to
redesign workplaces where monotony is often
combined with time pressure, social isolation,
and a low skill requirement.

The program, which is supported at least in
principle by all the parties represented in the
German Bundestag and by both employer or-
ganizations and trade unions, has as its aims:

●

●

●

●

to formulate safety data, standards, and
minimum requirements for machinery, in-
stallations, and workplaces;
to develop work technologies adapted to
the worker;
to elaborate models for work organization
and workplace design; and
to disseminate and apply scientific find-
ings and industrial experience.

The humanization program has led to in-
creased sensitivity to problems regarding
working conditions and work rationalization
in industry and administration, and to an in-
terdisciplinary science in the field of labor, It
has given rise to projects to improve health
protection on the job, in particular projects
looking at stress problems and the develop-
ment of technologies for the reduction of



...—-——

Ch. 5— The Effects of Programmable Automation on the Work Environment . 213

heavy, dangerous, or monotonous work. The
program also fosters experiments with new
forms of work organization, aimed at new tech-
nical and organizational production systems.

The results of humanization research have
already been incorporated into national legisla-
tion in several cases–e.g., into the 1975 Work-
places Regulation Act and the guidelines gov-
erning it. Since mid-1980, the Federal Center
for the Humanization of Work has been affil-
iated with the Federal Center for Occupational
Safety and Accident Research as an independ-
ent organizational unit. It is responsible for
incorporating the results of government-pro-
moted research concerning the humanization
of work into everyday working conditions.

One of the workplace areas to be studied is
the introduction of robots, with a view to
avoiding the creation of jobs that are uninter-
esting and monotonous for humans and that
may entail considerable strain and stress. Con-
tinued support is to be given to improved
forms of work organization as well as to solu-
tion of technical and organizational problems
in general.58

JsAlfred Ha9sencamp  and Hans-Jurgen Bieneck, ‘‘Technical
and Organizational Changes and Design of Working Condi-
tions, ” a summary of the experiences and results of the West
German research program “Humanization of Work, ” 1982.

Appendix 5A.—Methodology Employed in OTA
Case Studies of the Effects of Programmable Automation

on the Work Environment

Case 1
Small Metalworking Shops

This case study is based on visits to seven metal-
working shops in Connecticut. They were chosen
from a group of sites suggested by the Numerical
Control Society, a trade magazine, and two inter-
viewees at the job shops themselves. They span
a range of shop sizes. Shops were not chosen for
study because of their “representativeness”; in-
deed, the chief selection criterion was that the
establishment be particularly advanced, for its
size, in the number of NC machines in use. Every
shop contacted agreed to participate in the study.
The final group of 7 was drawn from a pool of 11
shops that agreed to participate.

Visits lasted from a half day to a full day. At
each site, the researchers began by speaking to the
president or vice president, generally for an hour
or more. Subsequent interviews were held with
programers, foremen, working foremen, and shop-
floor workers. For the most part, the people inter-
viewed were selected by a manager or foreman
based on the research team’s preferences for talk-

ing to a cross section of the shop’s work force. In
cases where the researchers asked to speak to a
specific person, these requests were honored. At
some shops, the interviewers were invited to select
any of the employees for interviews.

Interviews were open-ended, based on a pre-
pared interview guide. Generally, they lasted from
one-half to 1 hour, with the longest running over
2 hours. Nearly all of the interviews were tape-
recorded, with the consent of the interviewees, and
most of the quotations used in the report are based
on transcripts of the taped interviews. Interviews
were held in an office or room in the plant. In some
cases, they were conducted in the president’s or
vice president’s office. With very few exceptions,
the interviewers were alone with the interviewee.
All interviews except one focused on one person
only; at one plant, the president and vice president
were interviewed together.

Altogether, four presidents, four vice presidents,
five programers. five foremen and working leaders,
one quality control supervisor, one full-time ma-
chine repairer, and fifteen machinists and oper-
ators were interviewed.
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Agricultural Equipment Company

This case study is based on data gathered dur-
ing a 6-day trip to the city in which the compo-
nents plant and the nearby tractor assembly facili-
ty are located. Three days were spent touring the
company’s manufacturing facilities and conduct-
ing interviews with members of management. The
balance of the visit was spent interviewing mem-
bers of the local union.

The company was extremely cooperative, pro-
viding the research team with an excellent over-
view of plant operations and affording them free-
dom to explore areas of particular interest in
greater depth. The first 2 days were spent gain-
ing a broad introduction to the components plant
and the tractor assembly facility, and the third day
was spent in followup investigation and inter-
views, particularly at the site of the flexible
manufacturing system (FMS). Interviews were
conducted with company personnel ranging from
the vice president for manufacturing to first-line
supervisors in the tractor assembly plant. Also in-
terviewed were the plant manager; the managers
of manufacturing engineering, mechanical serv-
ices, and process and tooling; several supervisory
personnel; and the project manager and systems
manager for the FMS—all at the components
plant. Interviews were also conducted with the
plant manager, manager of manufacturing engi-
neering, and the controller at the tractor assembly
plant.

Interviews were open-ended, based on a pre-
pared interview guide but tailored to the individual
being interviewed, and lasted from 15 minutes to
several hours. Tours and interviews were supple-
mented by several brief presentations by company
personnel focusing on different aspects of automa-
tion at the company, by written materials supplied
by the company, and by relevant articles and infor-
mation obtained by the researchers from other
sources.

The worker interviews on which this study is
based were arranged by the union, the United
Automobile Workers, and carried out in the local
union hall. The local union was very cooperative
about arranging interviews and providing the
space in which to conduct them. A semistructured
open format, similar to that used at the company
but designed specifically for interviewing workers,
was used to interview people both individually and
in groups. The union was asked to arrange inter-
views with workers from the FMS area and from
those utilizing the company’s labor reporting sys-
tem. Also requested were interviews with workers

from the components plant and the tractor works,
in skilled trades as well as production, of varying
ages and seniority. A total of 18 workers were in-
terviewed through the union. In this situation
selection bias was unavoidable, but the workers
interviewed appeared to represent a range of view-
points with respect to computerized technology.

Even the workers who were most critical of the
way in which the company was implementing new
programmable technologies expressed a basic re-
spect for the company and its management.

Commercial Aircraft Company

The fieldwork for this case was conducted dur-
ing an 8-day visit to the west coast in April 1983.
Before the arrival of the research team, contact
was made with the company and with the two ma-
jor unions at the research sites, the international
Association of Machinists and a professional en-
gineers’ association. Both the company and the
unions were very cooperative, allowing access and
arranging interviews which form the basis of the
analysis.

At the company, a series of interviews had al-
ready been scheduled when the researchers ar-
rived. Interviewees were selected by the company
management based on the researchers’ request for
interviews with a wide range of managerial person-
nel, from higher level management involved in the
implementation and management of computerized
technology to first-line supervisors in production
departments where programmable automation
was in use. These interviews were supplemented
with additional interviews arranged at the request
of the research team during the 5-day visit to the
company. All interviews with members of manage-
ment were conducted at or near the worksite of the
particular manager or supervisor, with a member
of management, who acted as host to the research
team, present at the interview.

Interviews were open-ended, and their structure
was based on an interview guide prepared before
the start of the visit. The actual content of each
was tailored to the particular individual being in-
terviewed, based on his role in the company. The
length varied from one half hour to several hours
in length. In some cases, a tape recorder was used,
and all lengthy quotations are transcribed from
the tapes. A few of the interviews were preceded
or followed by prepared presentations which out-
lined the features of a particular computerized sys-
tem or technology-related issue at the company.
Followup interviews, where necessary, were con-
ducted by telephone, and additional written ma-



Ch. 5—The Effects of Programmable Automation on the Work Environment Ž 215
— -- —.

terial was obtained from the company. Company
sources were also supplemented with written ma-
terial available elsewhere.

Interviews with union members were conducted
through the auspices of the two unions. Inter-
viewees were chosen by the unions, based on gen-
eral guidelines set by the research team. The
researchers asked to interview members of the
bargaining unit who were affected by new technol-
ogy, particularly engineers affected by the use of
computer-aided design, and machinists and other
workers (e.g., inspectors, programmers, and layout
workers) affected by computerized technology,
especially NC. Because of the way in which inter-
viewees were selected, the workers interviewed
cannot be viewed as being a randomly selected
sample of all workers at the company. While some
attempt was made to ensure that a range of views
was represented, the intention of the researchers
was to capture a sense of the variety of reactions
to programmable automation in a few selected
work areas, rather than to attempt in a very brief
visit to assemble a “representative” group.

Interviews with union members were conducted
at or near the union hail, and were, like the inter-
views with managers, open-ended, Again, an inter-
view guide was used, and the specific questions
adapted to the particular employees interviewed.
Most interviews were group interviews, and all
were tape-recorded. Generally, interviews with
union members lasted from 1 to 2 hours, depend-
ing on the size of the group.

In total, interviews were conducted with 14
members of management, 4 first-line supervisors,
6 engineers and technicians, and 38 shop floor
employees, as well as with officers of both local
unions, including the presidents.

The Auto Company

The 3-day visit to the auto plant took place in
May 1983, and included an introductory discus-
sion and tour of the plant conducted by the Per-
sonnel Department and a brief interview with the
plant manufacturing engineering manager on the
third day. The research team spent the remainder
of the 3 days interviewing workers, shop floor
managers, union stewards, and union committee-
men who work in the automated welding facility—
the “body shop. ”

Throughout the visit, both management and the
union cooperated completely with the research
team. The plant management permitted unre-

— .

stricted access to the body shop. The superintend-
ents in the body shop, in turn, allowed unrestricted
access to supervisors and workers. This access in-
cluded the freedom to move independently around
the shop floor and to speak with workers on break
at their workstations. Only through this unique
cooperation was the research team able to gain,
in a brief time period, a detailed knowledge of how
automation affected individual jobs and how the
workers on these jobs perceived the affects of the
system.

During the 3 days, the research team inter-
viewed:

the welder repair and production super-
intendent;
two welder repair general foremen and one
welder repair foreman;
one production general foreman and one pro-
duction foreman;
three welder repairmen;
19 production workers (6 first-shift workers
were interviewed for more than an hour at the
union hall and an additional 15 to 45 minutes
on the job; the remainder were interviewed
either in the union hall or in the plant);
the production and skilled trades’ union stew-
ards on first shift, and the production and
skilled trades committeemen; and
a number of other managers, union officials,
and workers with knowledge of some aspects
of automation and the body shop.

The group above represented about 30 percent
of the production workers, 15 percent of the skilled
tradesmen, 70 percent of the supervisors, and all
of the union officials with first-shift responsibil-
ities in the part of the body shop containing
robots.

Interviews with supervisors, union officials, and
workers were open-ended and loosely structured,
based on a prepared interview guide, The inter-
views at the union hall were taped, with the con-
sent of the interviewees. The quotations used in
the report are from the taped interviews or from
notes taken during the meetings by someone other
than the principal interviewer. The research team
conducted followup interviews of 15 to 45 minutes
with certain individuals on the second and third
day. Additional followup interviews were con-
ducted with union officials and body shop super-
visors over the telephone. An interview of the cor-
poration’s director of manufacturing was also con-
ducted over the telephone.


