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This asee_ssme}{t culminates OTA’s examination of the technical, economic,
and social issues surrounding the spread of programmable automation in man-
ufacturing. Its genesis was a public workshop in }981 on robotics that resulted g
in‘the OTA Background Paper entitled Exploratory Workshop on the Social
Implications of Robotics (February 1982). The assessment was requested by
the Joint Economic Committee, the Senate Committee 'on Labor and Human
Resources, the Senate Committee on Commeree, Science, and ransportation,
and-the Subcommittee on Labor Standards of the House Commiittee on Educa-
tion and Labor. It was endorsed by the House Gommittee on-Science and Tech- -
nology. The assessment loo#s not oy at robots but also at related comput-
er‘basedatechn()logies for design, production, and management.

The technologies of programmable automation, their uses, and future capa-
bilities are described in'this report. The assessment goes beyond technology -
description to characterize the industries producing and using pregrammableé .
automation and to discuss the ramifications of the technologies for industrial

, strycture and competitive conduct. It fpays special attention to three labor- -+

" related.areas: the potential for employment change, effects on the work envi-
ronment, and implications.for education and training. Preliminary work in
those areas, including conceptual discussions and background material, was
published in the OTA Technical Memorandum entitled Automation and the .
Workplace: ISelected Labor, Education, and Training Issues (March 1983). -
Since the development and sale of programmable automation have been in-
ternational phenoniena since at least the 1960's, comparisons between this’
country and others are made as far as data allow.

A wide range of sources contributed to thishgsessment: White OTA drew’ -
on existifng literature and conferences, it also developed its own information -
through workshops on labor markets, programmable automation technologies,
and programmable automation (producer) industries; and through informal
site visits and consultations. Eighteen case studies, including 4 on the work
{ ent and 14 on education and training programs, and a survey of
“education and training activitjes commissioned for this assessment were par- -

ticularly rich sources of dafa. Case study material will be made available in
a companion volume. *
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OTA is grateful for the assistance of the assessment advisory panel, work-
shop participants, contractors, and many others who provided advice, infor-
mation, and reviews. The cooperation ¢f individuals at case study sites, who
accommodated lengthy site visits and follow-up consultations, is especial
appre¢iated. OTA assumes full responsibility for this assessment, whichd
not nepessarily represent the 7«60} individual members of the advisory panel.
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Computénzed Manufacturmg
Automat|on Employment
Educauon and the
SICANY W@o[‘kaplace -
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/ Lomputer Lechnology offers w opportumtles to enhance and

..o streamline manufacturing processes. Many industry observers believe

that contputerized manufacturing automation will help troubled U.S.

. manufacturers become more productlve and comgpetitive. At the.same

time, t;hré hew wave of automation ig raising col;g)erns similar to those

that acoompamed the first wave of automation technology-in the

* 1950's and 1960’s. Will the new technologies put a significant numbeér -

- of people out of work? Wlﬁtheu introduction ““dehumanize’ the work

environment for those who remain? And how can the United States

bestprepare its education and training system to respond to the grow-
ing wse of computerized manufacturing automation?

Though manufacturing automation technologices can be applied in
a wide range of industries, the focus of this report is the application
of programmable automation (PA) in discrete manufacturing—the "
manufacture of discrete products ranging from bolts to aircraft. Most
traditional metalworking industries fall in this category, although
oth®r materials (e.g., plastics, fiber composites, ceramics) are increas-
ingly important parts of discrete manufacturing as well. Discrete man-
ufacturing plants are often characterized by the quantity of a prod-
uct which they produce, ranging from mass production of hundreds
of thousands of products, to batch production of a few dozen or a few
hundred, to custom production of a single item. Because of its abili
to perform a variety of tasks, programmable automation is ueuaily
associated with batch productjon. However, it has been used exten-
sively in mass production, and\¢ could be useful in custom produc-
tion as well. -

PA tools dlffer from conventional Rutomation primarily in their use
of computer and communications technelogy. Theiare thus able to

perform information processing as well as sical work, to be repro-
gramed for a variety of tasks, and to communieate directly with other
computerized devices. PA is divided into threegeneral categories: 1)
computer-aided design; 2) computer-aided manufacturing (e.g., robots,
computerized machine tools, flexible manufactyring systems); and 3
computer-aided techniques for management (e.g}, management i
mation systems and compusaigaided planning). "W hen used toget




- : ‘ >
in a system with extensive camputer-based coordination, these tools
are known as computer-integrated manufacturing.

Three principal themes have emerged from OTA 8 study:

1. Programmable automation is an lmportant and po\m set of |
tools, but it is not a panacea for problems in manufacturing. In
part | because of historic U.S. strengths in manufacturing, and
because the prestlge of manufacturing engmeéri‘ng is low relative
to other engineering flelds, U.S. companies have devoted rela-
tively little effort to improving manufacturing processes in the
past few decades. This neglect must be remedied in order to
realize the full bepefits of PA. In addition to using automation,
other steps that//nneed consideration by management include
redesigning products for more efficient production, minimizing -
inventory levels, and improving job design and labor relations.

2. The change in national employment induced by programmable

automation will not be massive in the near term (i.e., the remainder

of the 1980’s). Although the rate of application is accelerating,
aggregate use will still be relatively limited for the rest of this
decade. Alsé, the capabilities of PA remain immature. Depend-
ing on macroeconomic conditions, use of automation can increase
without significant growth in mational ynemployment. However,

PA will exacerbate unemployment problems for individuals and

regions. The potential long-term impact of PA on the number and

kind of jobs available is enormous, and it is essential that the Fed-

eral Government, educational institutions, and mdustry begin to
plan with these considerations in mind,

J. The impact of programmable automation on the work environment

is one of the most significant, yet largely neglected issues. Depending

‘on how it is designed and useds PA can substantially change the

nature and organization of the manufacturing workplace, and con-

S sequently influence levels of job satisfaction, stress, skills, and

productmty The Federal Government has traditionally had arole
in workplace concerns, and could take action to help ensure that
the work environment effects of PA ‘are favorable.

N
Principal Findings
The Technologies
. Th.xs reporL emphasizes five of tﬁA technologies. Computer-aided

design (CAD) in itg 31mpler forms is an electronic drawing board for®
draftsmen and de31gn engineers. In its more sophlstlcat,ed forms CAD
is the core of computer- aided engineering, allowmg engmeers to ana-
"lyzé a design and maximize a product’s performance using the com-
puterized representation of the product.

Industrial robots are manipulators which can be programed to move .

objects along various paths. Though robots receive a great deal of pop-
ular attention, they are only a small part ofcthe farmly qf PA tools.

N »
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‘Numerically controlled (NC) machine tools are devices that cut or form
a piece ofymetal according to programed instructions about the desired
-dimensions of a part @d the steps for the process. Flexible manufac-
_turing systems (KMSs) ‘combine a set of work®ationg (usually NC ma-
" chine tools) with robots or other devices to move material between
workstations, and operate,under central computer contrgl. Finally, the
use of PA too)s for design, manufacturing, andmanagement in an in- ‘
~ tegrated system, with maximum qprdination and communication be-
tween them, is termed computerntegrated manufacturing (CIM).

The advantages of PA for management lie primarily in its ability
to facilitate information flaw, coordinate factory operations, and increase

_ efficiency and flexibility. Further, the b&ﬁmologies promise an increase®
in management's degree of contrgl over operations. The more closely
tied manufacturing proces;ieg are’to one another, and the.more infor-

- ' mation about those processes is readily available, the less chance there-
is for hurgan error or discretion to cause proljems. However, this drive

toward incrdesed control can also reduce opportunities for construc-
tive wo:%u't and ddegrade the work environment. -
Each of thele technologies is in a relatively early stage of develop-

« ment, and even earlier stages of application. Robotics is well estab-
lished only for spot weldirlg, spray painting, and some materials han-
dling uses; NC machirf@ tools and CAD are somewhat more mature,
technically, although there are still many unsolved problems. FMS
and CIM are very young; Virtually every application is a prolotype.
As systems, their potential benefits and problems are much greater
than those of stand-alone automation equipment. Because of their com-

plexity, the implementation of integrated automation systems requires ’
extensive planning and support. : -

Though current technology is adequate for the vast majority of near-
term uses, the level of penetration of PA into possible applicatioYs is fel-
atively low. Technical factors that tend to slow the rate of adoption

_of PA technologies include its complexity, the lack of standard pro-

» graming languages and interfaces between PA devices, and problems
in “‘guman factors” (dssentially, the system's ease of use). A wide va-
riety of nontechnical factors also affect the.use of PA, including the
availability of capital and know-how, organizational resistance to
change, and the availability of appropriate education and training
programs. '

For various reasons, most manufacturers choose to apply.automa-
tion in a stepwise fashion, beginning perhaps with one or a small num-
ber of robots, CAD terminals, or NC machine tools. Though in many
cases these, ‘islands of automation’” can result in productivity and
quality improvements, the full benefits of PA are only realized when

_ these devices are conriected into an integrated system. Such integrated
" _systems are more than the accumulated substitution of PA tools for
human workers or for other machines; they often involve redesigning
the product or streamlining the production process itself to best male

b
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\ . : Photo creast Cincihnatt Milacron Corp

An englheer using a computer-aided design system
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use of }’7{. Because em integrated system can produce more products
more quickly than other manufacturing schemes, manufacturers can
reduce their investment in finished product and work-in-process in-
ventories. These and other materials savinigs are oftendnore significant
than labor savings in the use of programmable autormation systems.

- "Researchers are working to increase the versatility and power of
PA tools, to enhance their capabllxty to operate without human inter-
vention, and to develop thé ability to integrate the tools. While there
has been progress in virtudlly all Key technical areas, the problems-
are sufficiently numerous and complex to keep researchers busy for
many years to come. An analysis ¢f expected trends in the technologies
indicates, however, that many important technical advances in program-
mable automation are expected in the 1990's (see table 1).

Though there is much discussion of ‘“‘unmanned factories,” experts
differ about whether the removal of Mrtually all humans fronr¥he man-
ufacturing process is nesessary or desirable. Some express concern
that manufacturers will be preoccupied with removing humans from
the factory floor at the expense of more practical and cost-effective
improvaements in manufactyring procesaes. In any case, each factory

\ 4 . ; !
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.” o ‘ Téﬁle 4.—-Progrqmmabl'e Automation: Selected Projections for Solution of Key Problems
. . ° (excdrpts from tables 11-15+of full repord) ;
o o . : B Current (1984) | 1985-86 1987-90 1991-2000 | 2001 and beyoild
\,X,“!“’”b ' " #°1) Low-cost, powerful mickocomputgr-based
A _ _ _ workstations fqr;2 ¢ . - \
o Tl B a) eledtronics design . ORI s T A ‘e ]
A . b) mechanical designg .. ............ a v . .
. " “ 1 2) 3-D vision in structured’environments - '
. which have beep planned to simplify the . :
N visien task ....,.. ... ... S e ., ae ] ¢
*3) 3-D vision in unstructured Eomplex . )
) v environments which have not been -
. Tplanned to simplify the vision task....... . n N "
4) FMS for® - . ! .
& X . a) cylindrical parts production ........ , ae® |
) < \' , b) sheet metakparts production. ...... Ao L
. . c) 3-D mechanical assembly ... ....... a . on .
~ ~ d) electronics assembly......... Lo ae ) . _ :
’ §) Standardization of interfaces Between ) : \
NN wide range ot computerized dgvices in an”
integrated factory ......... T : A L . .
. 6) Computerized factories which could run v *
-~ ‘' on aday-tb-day basis with only a few :
v " - ; people in management, design functions \ ) A

g/markalod. but inthe ]udgmsnl of technical experts consuited by, OTA, they ar_é either not powertul anough
-useful in a wide Vartety of applications.

ard used to machine prismatic parts (e.g., engine blocks), which are those whose outer shape cansists primarily of flat surfaces.
The projections in this entry refer to FMS for quite

and/or not inexpensive enough to

aMicroc<‘)mpuler-bastsd workstanons&;r CAD are now bein
%Almosl all FMSs currently running

K terent applications: a) machining of cylindricai pars, such as rotors and driveshafts (or “*parts of rotation.”
’ ’ + in machining Jargon, since they are generally made lathes); b) stamping and bending of*sheet matal parts, ucri as car body panels; ¢) assembly {as opposed to
fabricafion of individual parns) of tritea-dimensional products, such as motors; and d) assembly of adpctronic dedices. such as circuit boards. While machines currbntly
¢ axist for aulor:zllc insertion of electronic parts Into circull-boards, an electronics FMS would Integrate tha insertion devices with soldering and testing aquipment.
~ ’ - A = solution-th laboratqries.
: ® - first commarcial appiications. 4
-~ solution widely and ea$lly available (requiring minimal custom engineering for each application). ’
. SOURCE: OTA analysis and compilation of data from lechnology experts. ~ o
. i s .
’ N -
. (\:) d ~ . n[:r:viv ¢ A qe v ,
. W
O . .
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, has peculiar characteristics which call for dlfferem\l;\]/els of auto-
mation. For some factories it has begn possible to run™machine tools

. at night with only one person inga control room. For at least the next

10 to 15 years, discrete manufacturing factories operating without pro-
duction workers (i.e., with only a few manggers, designers, and trouble-
shootemﬁ) willvbe only 4 remote possibility. *

. 4

« ]

Employment Effects . a
( .

Programmable automation®8 not likely to generate significant net-
national unemployment in the near term,bufgits use may exacerbate
regional unemployment problems, especially in the Kast North Cen-
tral and Middleg#tlantic areas where metalworking industries are con--
.centrated. ' ‘ ‘.

The level of automation in manufacturing'is one of many fac-
tors that influence industrial employment. In particular, it should
be recognized that employment in an industry is a strohg function of the
volume of productigg: Technology is a secondary influence that governs
tbe mix of people, equipment, and materials needed to produce a given

. .gamount of product. Hence, although PA is labor-saving, the aggre-

gate number of jobs in an economy must be examined 'in the context

v of overall economic eonditions. These conditions include short-term

businessjcycles as well as long-term shifts in the strengths and struc-
tures of/different industries, plus levels of imports and exports. Thus,
the favorable effects of PA on industrial competitiveness may help
to increase demand for lahgg or to avert job losses that, could occur
in its absence. i

Evaluating the employ'x ent effects of PA poses serious andlytical
problems. There are shortcomings in current approaches for this anal-
ysis, and data available support only inferences as to the general direc-
ions of likely occupational and industry employment change.

Employment change will depend on a series of complex effects on
jobs. Those effects will be realized as changes in the tasks that peo-
ple will do, changes in the requirements for skill, and changes in the
ways managers aggregate tasks into jobs and assign them to people
trained for different occupations. The scope of change may be neither
obvious nor immediate, because PA will often be accompanied by sig-
nificant transformations of weanufacturing organization, production
processes, and/or product design. The more extensive such transfor--
mations, the broader the set of people affected by the introduction
of PA; and the harder it is to attribute employment effects to PA,
per se. _ , ) '

Change in skill requirements.gvill often reflect a shift from manual
to mental work. In many cases, PA will lower the time required for
people to become proficient at a task, and it may lower the amount
‘of judgment needed. At the same time, it may lead to a requirement
for general knowledge of several tasks, broadening the mix of skills

L .
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needed. For example, it is likely that PA maintenance personnel will
need to know how to solve mechanical, electrical, and electronic prob-
lems rather than one class of problems alone.

The fewer the tasks comprising a job, the more llkely itis that program-
mable automation can eliminate the need for a given job. For example,
spot welders who only do spot welding, are mere likely to be displaced
by spot-welding robots than if theyedo other tasks ds well. However,
PA offers new potential for combining diverse tasks intq jobs instead
of fragmenting work into narrowly defined jobs, as has historically
been assdciated with mechanization. It raises the prospect of a trade-
off between larger numbers of narrowly defined ]obs and smaller num-
bers of more.broadly defined jobs.. :

A major influence on émployment is the supply"of labor, which will
grow more slowly during the next decade or so, in larg part because
of slower growth bf the population and an increase in tl& average
» The supply of younger. workers will decline, diminishing competx?e
for entry-level jobs, while the proportion and number of prime-age
workers (25 to 54 years) will grow.

From early indications, it appears that PA will cause \he following
broad, long-term trends in occupations:

/ * demand for engineers and computer scientists, technicians, and

.mechanics, repairers, and installers on the whole will rise—although
specific occupations (e.g., drafters) will face dlmmlshmg oppor-
tunities;

* demand for craftworkers (excludingymechanics), operatives, and
laborers—especially the least skilled doing the most routine work—
will fall; \

e demand for clerical personnel will fall; and

.« demand for upper-level managers and technical sales and service per-

sonnel will rise, although lower- and middle-management opportu-
nities among users of PA may fall.

Tawle 2 lists 1980 levels of employment for occupations most likely
to experience changes in demand. Taken together, these effects sug-
gest major $hifts in the occupational mix of manufagturing industries,
especially metalworking. Overall, the salaried or whi Bie-colla; work force
will tonstitute a larger proportion of manufacturing employment, al-
though it is not clear how much their ranks will grow in absolute terms.
PA producers especially are likely to employ relatively few produc-
jon personnel; their situation may signal future patterns among other
fi and industries. Consequently, there will be few opportunities for
peopleNisplaced from other manufacturing industries to move into jobs
among producers of automated equipment and systems.

In many ways, the shifts in occupations will not be straightforward.
Some skills may only be required temporarily, after technology has
been introduced but before further automation is achieved. For ex-
ample, when automated equipment is used in isolated applications,
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.Table 2.—1980 Employment for All Manufacturing Industries,
Selected PA-Sensitive Occupations
' ‘

oy - . et e P U PO

Long-term

, direction

Number Percent . of.change
ENQGINEBIS .. i@ 579,677 285 +
Electrical . ......... .. .. ... . ... ... ..., 173,647 0.85 +
Industrial ............... T 71,442 , 035 ° +
~ Mechanical ........ ... 122,328 0.60 +
Engineering and science technicians ..... .. 439,852 \ 216 - +
Drafters .. ... ......... I 116,423 10.57 -
NC tool programers........ e 9371 005 -

Computer programers........ L S 58,622 0.29 -
Computer systems analysts ....... e 3 o 42,404 0.21 +
Adult education teachers . ................. 5,165 003 - +
Managers, officials, and proprietors......... 1,195,743 5.87 ‘

Clerical workers . S PEESERRRTEY 2,297,379 11.28 -
- Production clerks *.......... ..., I 139947 . ' 069 -
Craft and related workers. . ................ 3,768,395 18.51
Electricians . ... ... ... . . .. . . ... .. 126,001 0.62 4
Maintenance mechanics and repairers .... 391,524 1.92 +
Machinists,' tool and die makets.......... 356,435 1.75 -
Inspectors and testers .. ............... . 538,275 2.64 -
Operatives . . . ......... N S ....8845318 43.44 -
Assemblers .. ... ... .. .. . 1,661,150 8.16 -
Metalworking operatives . ............... 1,470,169 +7.22 -
Welders and flamecutters ............. * 400,629 1.97 -
Production painters............. ST 106.178 - 0.52 -
Industrial truck operators................ 269,105 1.32 -
Nonfarm laborers .. .................. S 1,576,576 7.74 -
Helpers, trades. . ....................... 100,752 *  0.49 -
Stockhandiers, order fillers ... ..... .. .. . .104,208 051 -
Work distributors . . . ... 16,895 0.08 -
Conveyor operators . .................... 31,469 °  0.15° v

NOTE Data pertain 1o wage and .salary workers

SOURCE Bureau of Labor Statistics, “Employment by Industry and Occupalion, 1980 and Projected 1990 Alter-
natives.” unpublished data

there may be many needs for programing. But, the integration of de-
sign with process planning and production systems reduces the need
for programing, as does the development of standard, easy-to-use soft-
ware packages. These ‘‘short-term” phenomena may persist for many
years, making it hard to plan for long-term employment change.

The effects of PA on compengation patterns:are ambiguous, partly
because numerous other changes are occurring in the economy. Over
the past decade, there appears to have been n erosion of medium-
wage jobs, and clustering of jobs at both high-land low-wage levels.
Analysts attribute this in part to the proliferation of low-wage serv-
ice jobs, and in part to growing Ueparagxon of administrative and pro-
duction functions in manufacturing. PA will likely stem the latter
trend by helping to integrate administrative and production activi-
ties. Other developments, such as slower growth in the labor force par-

\§ S
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ticipation of women (who filled thfe bulk of the new, low-paying serv-
ice jobs created in the past decade), may also serve to alter past trends.

Finally, compensation patterns will depend on the length of the aver-
age work week. Whenever it appears that there may not be ggnough
jobs, or enough well-paying jobs, to occupy job-seekers, it is of&p n pro-
posed that average work hours be reduced to allow more people to .
hold jobs. However, the average work week cannot necessarily be re-

.- duced without lowering the real wages per employee.

In light of the attention given to the Japanese, who use PA exten-
_sively and who have expanded production, it is instructive to see how
~ tl?et: work force has been affected. Japanese companies have displaced
. ldbor, but displacement has often been masked by shifting relation-
‘ships between manufacturers and suppliers, and by selective layoffs
that affect primarily femalé mlddle-aged and older personnel.

e e o 4o Tren S A ¢ s e e m et A% el s mann s e e R s ey e s

. Work Environment

Application of computers to the manufacturing workplace offers a
range of options for organizing work in ways that will enhance the$¥
workplace. PA, in particular, provides the potential to achieve a bet-
ter balance between the economic considerations that determine tech-
nological choices and the social consequences of those choices in the
workplace. Although historically U.S. manufacturers have tended to place
a lower priority on work environment issues, there is a growing aware-
ness among manufacturers that attention to the work environment ulti-
mately has payoffs in productivity. Work environment issues may
become more important to the public, meanwhile, as changing employ-
ment patterns reduce the opportunities for personnel to move out of
undatisfactory manufacturing jobs into others.

The various forms of PA havg both positive and negative effects .
on the safety and health of workers. The introduction of programmable
automation will create new situations, or perpetuate old ones, that have
negative psychological effects on the work force. Two of the principal
effects are boredom and stress. Boredom and stress in the automated

, workplace can result from the characteristics of the design of the tech-
nical system and work organization, as well as from such factors as
lot size and the nature of the product manufactured. In sites visited
for OTA work environment case studies, it was evident that both
FMSs and NC machine tools can cause boredom when there is no im-

. mediate need for operator intervention and application of prob-

- lem-solving skills. In addition, skilled NC operators who did not write

" programs reported that operating an NC machine was mgmﬁcantly
less challenging than operating a conventional machine.

Work-related stress is a significant feature of computer-automated
workplaces. Stress is associated with working on very complicated,
expensive, and highly integrated systems, and with lack of autono-

°
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Photo credit Crncinnati Milacron Corp

A “machining cell,” consisting of computerized robotg and machine tools,
' manufactures printing press parts

‘my at work, extending in some cgses to computerized monitgring by
management. The combination é-the complexity of the system and
“the pressure to minimize downtime becapse of the high cost of lost
production adds up to substantial stress for some maintenance work-
ers. Although eachsituation is different, excessive boredom and/or
stress can often degrade the productivity of individual workers.

On the other hand, the introduction of programmable automation tends
to have a favorable impact on theup\lysical surroundings of work. For in-
stance, robots are amenable to hazardous tagks in environments that
are unpleasant and unhealthy for worke owever, certain precau-

) tions aré necessary to avoid potential new Safety hazards. In response
to concerns about robot safety.eg'oups in the United States, Western
Europe, and Japan are providing guidelines for the safe use of robbts.

Since the introduction of PA will increase the number of workers
using video display terminals (VDTs) and reduce the number operating
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production machinery, the concerns that are currently being raised
about potential VDT hazards apply to a whole new set of workers,
including CAD operators. Although there is ng evidence that VDTs
ernit unsafe levels of radiation or that VDT tZe is hazardous to vi-
sion, increased stress levels due to prolonged se of VDTs have been
reported, and further study of the long-term effects of VDT Sesis-wec-
egsary. _
Overall, the potential physical hazards appear, to be more amenable to
solution thamrsome ofthe psychological omes becatise they are more ddsnly
recognized and less Bubject to the subtleties of individual personalities.
The relief of such symptoms as boredom and stress is more difficult,
because they are not well understood and are often complicated by
other factors not related to the workplace. Depending on how tasks are
arranged and jobs designed, programmable automation has the potential
to decrease the amount of autonomy, control, and challenge available to
the worker, or it can increage variety and decnsnonmakmg opportumtles

- Manegement's strategies and motivations for introducing program-
mable automation are key in determining its impacts. In addition, the na-
ture of labor-management relations will affec{ the implementation of new
technology and its consequences for the work environment. In work envi-
ronents that are becommg more and more automated, management
is likely to seek increasing flexibility in deploying workers. This will
be reflected in collective bargaining demands from manageme for
changing work rules, in return for union demands for such employee
benefits as job security. Formal labor-management cooperation in solv-
* ing workplace problems has been grdowing in the United States. Where
successful, these participative arrangements are llkely to have a
positive influence on the effects of new technology in the workplace,
especially in the areas of job design, changing skills, "and training.

In Europe and Japan, mechanisms for dealing with workplace con-
cerns have generally been applied to the introduction of new technol-
ogy. In many cases, laws specify how such introduction is to be
handled. For example, the laws of West Germany, Norway, and
Sweden provide for worker involvement in technologxcal change, and
labor is routinely represented on corporate boards. It is important,
however, to point out that the culture and traditions of Europe and
Japan regarding attitudes and practices in the workplace differ from
those of the United States, especially in the area of labor-manage-
ment relations. These differences limit the transferability of forelgn
practices.

" Education, Training, and Retraining Issues

Programmable automation is one of a number of f(ﬁes that will
reshape instructional services in the United States in the years ahead
and create new demands for high-quality education, training gind re-
training programs, as well as career guidance, job counselihg, and
placement services. '
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A-pxerequisite of PA-related instruction of all types is a strong foun-
dation of basic skills —particularly reading, science, and math. The high
level of functional illiteracy in the United States population is a major
barrier to development of PA-related skills. Basic skills deficiencies have
already surfaced as a problem in retraining some displaced manufac-
turing workers for jobs workjng with PA.

Analytical and problem-solving skills are increasing in importance
for some skilled trades personnel and technicians, as well as other oc-

cupational groups common to automated facilities. Many who work

"with PA find themselves using conceptual skills more than motor
skills. However, it is uncertain to what extent PA.will require a sub-
stantial increase in the aggregate level of problem-solving and con-
ceptual skill. As noted earlier, choices for implementing the technology

“can result in wide variations in worker input and control, and conse-
quently a range of skill requirements. d

Development of multiple skills and the “cross training" ‘of workers to
perform a variety of functions on tKe shop floor are emerging instructional
requirements for automated facilities, .although not reflected as yet in
many estahlishéd instructional programs. Beyond acqulrl,pg a familiarity
with PA, engineers in automated facilitiés need to develdp an urfder-
stdn?ng of the entire ‘design-to-manufacturing process and of how
computerized equipment may be integrated with other machines and
people for maximum efficiency and productivity. Continued industry
pressure for more effective technical managers may well lead to greater
empha‘ns on the development of management gkills in mdustrlal en-
‘gineering and computer science education programs.

There is an immediate need for retraining and job counseling programs
geared to the unique needs of displaced workers. In the past, many pro-
grams for displaced workers have failed to assess their existing com-
petencies and provide opportunities to strengthen hasic skills. As a
result, participation rates have been low and dropout rates high in
such retraining programs.

Ongoing changes in workplace skill requirements attributable to pro-
grammable automation and other factors point to the need for effective
education and career guidance #rvices for youth and adults. Individuals
need access to current, reliable labor market information in order to
.make informed career choices and to pursue appropriate avenues of
“occupational preparation. The potential for frequent job change within
the same economic sector or across sectors suggests that the numbers
—of adults seeking job counseling and placement assistance will increase
dramatically in the years ahead. At present, there are few programs that
provide these kinds of education and career guidance services to youth
and adults on an ongoing basis.

- While some institutions and orgamzatwns are providing PA instruc- .

tion that addresses current skills requlrements of computer-automated
facilities, there are as yet no standard approaches to curriculum. A com-
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mon characteristic of sufcessful programmable automation .instruc-
tional programs examined by OTA was close cooperation and collab-
oratiom among educators, industry, labor, And government in assessmg
needs, developing. curricula, and ‘other_g€tivities. S

On the whole, the U.S. instructional system may not now be able to
accommodate thepotential demand for PA-related skills, which may in
turn affect the rate of growth in PA applications. Shortages of tech-
nical instructors, state-of-the-art equipment and other resources are
ma]or problems for all segments of the instructional system includ-
ing industry-based edutation and training. .

'

Progr&mmable Aut6mation Industrles

Whlle PA mdustrles vary in size, there appear to be several hun-
dred vendors in all. PA firms range from small com(;))knes supplying
products to meet specialiged market niches, to automaMon ‘‘supermar-
. ket” firms that offer multiple forms of PA. Many PA vendors are so-
called turnkey firms, which package components made by different

‘companies with software and other features into standard or custom- -

ized systems. Small, innovative firms have played a key role as PA
producers. .

CAD, NC, robets, and other PA equipment and systems are sold
by industries that are more or less separate. NC is the oldest\and larg-
est industry, dating from the 1950’s. While CAD and robots were avail-
able by the 1960's, significant markets for them did ngt emerge unt#
the 1970’s. Markets for other PA products also began to fldurlsh in
the 1970’s.

Although they grew slowly durmg the 1960’s and early 1970" s, pro-

grammable automation markets grew rapldly in recent years and are ex-
pected to continue to do so. Hence, it is hard to describe firms and in-
dustries in enduring terms. Moreover, as individual companies expand

their product offerings and move to offer complementary products, *

a market for CIM may emerge. No one yet sells “CIM” as a total prod-
uct, and some in industry contend that users are still pioneering the
concept.

PA firms will affect the economy through their relationships with -

other industries as well as through their role as employers. Much of
their economic impact will be realized indirectly, since their principal
customers are other businesses that may use PA to improve their own

performance. Programmable automation industries are likely to become

increasingly important to the industrial base and national security of the
United States, because of increasing dependence on programmablt auto-
mation both to enhance manufacturing productivity overall and to man-
ufacture defense equipment. ¢ .

Competition among PA firms tends to center on software and cus-
tomer services rather than on hardware features. This reflects growth

~
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in sales of PA systems (as opposed tossingle pieces of equipment). In-
deed, PA vendors often rely on outside sources of hardware. They are
offering a growing number of pre- and post-sale services, including
applications engineering, training, maintenance, and software updates.

Programmable automation industries are characterized by high levels
of interchange between firms, Licensing, outsourcing, mergers and ac-

. quisition, limited equity investments, and joint ventures are common,

, ticipated reductions in P

P4 industries are similar to the overall information-processing and
electronics products industries. It is likely that vertical integration
will continue to be limited and cooperative arrangements will continue
to be made because new products are increasingly complex, product
changes occur rapidly, and product development costs are growing.
In the long term, however, international cross-fertilization may abate
in favor of direct foreign investment.

a?‘)ften occur between firms from different countries. In this regard.

In the near term, the growth of domestic producers of PA depends on
whether doméstic economje conditions are favorable to investment, and
on the ability of U.S. mam{%ers to justify the necessary investments. An-
costs and growing undenstanding among
managers of the potential benefits and costs of PA are likely to make
companies increasingly receptive to PA. In the long term, competition
from foreign firms in domestic and foreign markets may constrain the

~growth and size of programmable automation industries. Companies from

many countries, often supported by foreign governments, have bed¢n
involved in PA development and production since the 1960's. and
manv countries consider PA industries important features of their
economies. v

Research and Development

Both industry and government fund a broad range of research and
development (R&D) in programmable automation. This work is un-
dertaken in industry, university, and government laboratories.

Total Federal funding of automation R&I) in fiscal year 1984 is budg-
eted at approximately $80 million, through fout primary Government
agencies ~the Department of Defense (DOD), the National Aeronau-
tics and Space Adminf®ration (NASA), the National Science Foun-
dation (NSF). and the National Bureau of Standards (NBS) (see table
3). R&D at both DOD) and NASA is strongly mission-oriented (directed
tdward a particular agency goal), and it has limited applicability to
commercial manufacturing. More generic or basic work is conducted
through NSF and NBS.

DOD's Manufacturing Technology Program budgeted approximate-
ly $56 million in 1984 for work on automation technologies that could
save money in defense manufacturing. Two other agencies within
DOD, the Defense Advanced Research Projects Agency (DARPA) and
the Office of Naval Research (ONR), budgeted approximately $8 mil-
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Table 3.—Federal Funding of Research and Development in Programmable
Automation, Fiscal Year 1984 (dollars in millions)

-

M|I|lary agencnes

Manufacfuring Technology (ManTech) Program . . . \ ......... $56.00

" Detense Advanced Research Projects Agency (DARPA) ...... 3.50

Ottice of Naval Research (ONR) ... ......... .. ... ......... 4.10

MIBEAry SUBLOLAl . ...\ oot e $63.60

Civilian agencies: _

National Bureau of Standards (NBS) ... .......... FEERE T $3.85

National Aeronautics and Space Administration (NASA) .. .. . ; 5.90

Natiosal Science Foundataon (NSF)...................;\"'. . 6.90-9.20

S Civilian subtotal. .. ... $16.65-18.95'
Total Federal funding. .................... e $80.25-8255

SOUR(JE'Ouuce of-Technology 'Asseeysmont o

lion for research in PA technologies for ultimate use in both defense .
manufacturing and battlefield applications. Though DOD.work in pro- -
grammable automation is not intended to be widely applicable to com-
mercial manufacturing, DOD sets themes foT technology development in
programmable automation. It serves as an informal coordination point
for Government agencies and defense industries.

NASA's automation research concentrates on robotic tools for use
in space. The research program is small and focused on technologies
that are very sophisticated by gommercial standards, though there
are occasional spinoffs to comrhercial manufacturing. «.

NSF plays a small Bimeimportant role jn funding basic r earch in
PA. The Production Research Program .at NSF focuses omautoma-
tion technologiés, while at least a dozen other pr grams within NSF
fund automation-related research to some degree’ Total funding for
1984 ig estimated to be about $7 million to $9 million. :

_ NBS has a rather unique role in automation R&D in that it is the Gov- *
ernment’s primary in-house laboratory for such work. NBS pursues auto-
mation R&D in standards (e.g., standardization of programing lan-
guages and standardization of interfaces between computerized tools),
metrology (measurement of parts using computerized devices), and
schemes for ifftegrated manufacturing. NBS’ Automated Manufactur-

» ing Research Facility, funded largely through DOD, is perhaps the only
full-scale testing facility for CIM in the United States.

» Estimates of CAD, robotics, and machine tool mdustry funding of au
tomation R&D range from $264 million to $400 million in 1983, and the \
grow rapidly in the future as the industries expand. There is evidence
of increased cooperation between industries and universities in the

" conduct of automatlon R&D. In particular, university-industry centers
for R&D in programmable automation are proliferating.

The United States continues tb be a world leader in many areas of R&D,
including computer-aided design, software in general, and virtually all
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- "ar¢as of basic research. Japan has developed substantlal sop}blstlcatlon

inapy areas of'robotics R&D, while Japan and West Ge&nany are
both strong in machine tool research. Both Japan and Western Euro-
_ pean countries also do significint research regarding manufacturing -
integration problems. Western European countries, notably Sweden
and West Germany,.conduct substantial research in work environment
issues, while these issues receive only minimal attention m the Umted
States. C e o "

| 3 \ | a
International Policy Co'mparisoné

All of the major industrialized nations support the development and
use of PA to some extent. However, the lack Yof accurate, up-to-date
information about the details of forelgn government programs makes

speculatioh about their effectlveness extremely risky.

Historidal differences in national characteristics have strongly af-

fected PA useinternationally. For both Japan and Western Europtan
countries, these characteristics include a greater concern for cost re-
duction— presumably due to greater dependence on export markets,
and to higher energy, materials, and capital costs than those in the
United States prior to the 1970's. These factors Have led to greater
concern abroad for manufacturing processes with less materials waste,
better product design. and low-cost production. The fact that the
United States now faces similar constraints and a more competitive
international environment is motivating U.S. manuf\acturers to focus
more closely on manufacturing processes: ‘

GGovernment involvement in automation in Japan {s substantlal but
it is less monolithic than many believe. The influence of Japan's
Ministry of International Trade and Industry (MITI) on Japanese in-
dustry is ebbing, although MITI continues to develop long-term plans
for technological development and to target certain areas of tech-
nology for particular attention, such as robotics and microelectron-
ics. Private industry expenditures comprise a greater percentage of
total R&D spending in Japan than in any other country, in part due
to the near absence of Japanese Government R&D in defense. The
Government has, however, played a substantial role in encouraging
appllcatlon of new technologies in small and medium-sized firms, and
in facilitating cooperative efforts among PA producers and users.

Like the United States, the West German Government has no 8ys-
tematic industrial policy. It has played a large role in encouraging
private industry investment, however, and has allocated large sums
to semiautonomous research institutes and consortia which perform
R&D related to manufacturing. In addition, the Government has
established an Adyanced Manufacturmg Technologies Program to pro-
mote the riskigf forms of innovation in this sector. Though the use
of automatjeh technologies in West Germany is not as extensive as
in the Umted States ‘or Japan, the West Germans have character-
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istically good governmént-la,bor-management relations which facili-
"tate the introduetion of new technology. » 4

Sweden and Norway have recently begun to devote resources to PA
in order to bolster ecohomic growth. These countries are strong in ro-
botics, work environment research, and education and training
préxams. " - « o/

" The French yovernment has a firm commitment to faster develop-
xlﬁand diffusion of PA, linking Government sypport to broad-based,
pla for restructuring French m;iustrles Despite the availability of
Government finds and loans, however, industry has not participated
1 Government programs to the extent anticipated.

Although the British’Gévernment is less involved in domestic in-
dustry than the Japanese or Frenchpthe United ngdom has devel-
oped a set of “"schemes’’ to promote investments in PA. Thesg include
loans and grants for consultants to help devetop automation, and vari-
ous mechanisms for support .of indstry and universityiR&D. S —

Italy has no overall industrial policy, although itpromotes private
investment in'its nderdevelopéd'so‘ilthém"r‘eglc'i'n‘s In addition, Ttaly ™
is rapidly b&tomjng-a major, producer of robots, and leadmg Italian
firms have pioneered new applications.

<
Canada and the Netherlands have begun,to promote’ PA to further
economic growth. They have fledgling R&D programs and
mechanisms for encouraging application of PA.

-Implications for Federal Policy

The overarching policy question that emerges from this assessment i8,
‘‘Should there be a-national strategy]for the development and usg of pro-
grammable automation?”’ Thé opportunities and problems pos by PA
are interconnected. Successful policy regarding PA must therefore
mesh actions in several areas, something-that can only be achieved
through a multifaceted strategy. Further, the current uses and im-
pacts of PA are a fraction of what they are expected to be in the long
term. Thus, there is an opportunity for anticjpatory Federal policy.

The principal issues which motivage integest in new policymaking
include the relative immaturity of the techgologies and lack of experi-
“ence in theig application; the fact that other countries are stimulating
developmelrf'f and use of PA; the risk of unemployment growth as a
- result, of PA use, both rekiona.lly and nationally; the risk of adverse -
effectson the psychological dspects of the work environment; and the .
ramifications of PA for education, training, and retraining.

- A policy strategy for PA would have ta balance the interests of a -
large and diverse group of stakeholders: - <

¢ The developers and producers of PA are primarily concemed with
fupding and facilities for R&D™as well as general economic policies
which affect markets for the technologies. . '
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Xhe users of PA" focus on competition in their product myarkets:
U\s While they tend to resist government iritervention in production ,

and personnel areas, they Ct{lll for imprpvements in tax and trade
laws and other policies whigh influence the business climate.

Members of the labor force care about‘whether they can get+and
keep jobs, wha}kmd of jobs are open to them, and theinvelations
with managemont While approximately 20 percent of the f’abor

- force is represented by labor, organizations, thé bulk of the work

ing population has no focused way to articulaté’its concerns.
Conimunities and State and localgovernments are partlcularl/y con-

~—~

cerhed about economic development ‘and malntalmng their

employment base.
Educators and trainets @re concerneﬂ about the fundmg. equip-

ment, and facilities-available to them, as well as g curricula .

»responsive to new teéchnologieg and skill needs.

* Finally, the Federal Government has broad interests in-the devel

opment and\e pplication of PA, including its use for bujlding de-
fense equipyn®nt, as well as its effect.on productivity, economic
growth, employment and occupatloqal safety and health

> -

v

Policy Strategies

If the Federal Government chooses to coordinate activities in areas of
technology development and use, employment, work environment, and
instruction, it can pursue one of four basic strategies:

LY

1. laissez-faire—a continuation of current policiés; °
2. technology-oriented —emphasis on programmable automation devel- ™

opment and use;

~ 3. human resource-oriented—upfront attention to education andatram

ing, work environmert, and job creation; or

4. both gechnology- and human resource-oriented. .
The principal uncertainties clouding projections are the raté of ad--

vance pf the technologies, and the relative success of efforts abroad
to develop and apply PA and to increase sales penetration in domestic
and foreign markets. The state of the economy is also a major and °
uncertain mfluence .

The pruimpal arguments for a laissez-faire strategy are that addi-

tional Federal involvement may not be necessary for effective use of
. PA, and that it may be too early in the application of PA to assess
,appxopnate Federal actigns. The disadvantages of this strategy are
" the risk that other countries may adopt and benefit from PA faster
/than the United States, and the risk of losing an opportunityto adopt °
policies that could not only maximize the effective use of PA but also
minimize negative socidd consequences. ;

A technology-oriented strategy—bolstering R&D as well as encourag-

ing applications of the technologies—could help avert a decline in in-
dustrial output and employment caused by competitive losses to for-
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eign industries. Other advantages of such a strategy are that it would
help ensure JJ.S. technological superiority, and it could bolster nation-
al security by maintaining a sound industrial base. However, even if
greater use of PA were a decisive competitive aid to U.S. firms, a
strictly technology-oriented strategy could aggravate unémployment
and work environment problems, as well as strain the capacities of
education and training systems. The postponed costs of a technology-
oriented strategy, pafticularly for assisting displaced workers, may
offset some of the potential economic benefits of such a plan.

A human resource-oriented strategy would involve upfront investment
in evaluating skill requirements, tailoring education, training, and re-
training programs, and conducting research in relevant work environ-
ment and educational impacts of PA. Such a strategy cou\ll%sta‘bilize-
or diminish future adjugtment assistance spending, and could prevent
work environment proBlefns. While human resource development can
facilitate the use of PA and otherwise improve productivity, its ef-
fects on industrial output levels may be less evident than the effecés

~ of technology-oriented policy. The major disadvantage of a primarily
human resource-oriented strategy is that it might not improve pro-
ductivity or competitiveness enough to offset trends in other coun-
tries. As in the laissez:faire strategy, the United States would run the
risk of a further erosion in industrial output levels and loss of tech-
nological superiority. = - o :

A combined technoMgy- and human resource-orientéd strategy could

* ensure technology development and increased competitiveness while
minimizing social fallout. It would recogniz¢ the complementary con-
tributions of equipment and of people in production, and help assure
that human impacts are explicitly considered in PA development and
use. The disadvantages of such a combined approach include the ad-
ministrative and legal burdens of coordinating a wide range of Fed-
eral activities.

‘ ‘Specific Policy Options
Technology Development and Diffusion

Existing Federal policy toward manufacturing technology is piece-
meal at best. In the area of R&D, four agencies with distinctly differ-
ent mandates fund automation research, although only a small por-
tion of this work has genera] applicability for commercial

. manufacturing. Only in the area of defense procurement is there a con-
. certed Federal effort to coordinate product and process technology

development-and application. :

-+ Option: Fund Research and Development.—Congress could act to

. -“increase PA R&D by influencing both the overall level of funding and
i, itedistribution to various agencies and research topics. The current

environment for PA R&D is relatively healthy. However, funding fo
. more long-term, generic research in nonmilitary application areas i;)
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relatively thin. Since the bulk of federally sponspored R&D is centered
on military applications Congress may wish to raise funding spe-
cifically for generic rpsearch, primarily through the National Science
Foundation and Naéional Bureau of Standards. Congress may also
wish to increase funding for standards and human factors research,
whjch could facilitate the application of programmable automation
across a wide range of industries.

Option: Facilitate Standard; ~ttmg —In addition to bolstering R&D
in standards, Congress may wish to consider legislation to facilitate
'standard-setting as a means of increasing the ease of use of the tech-
nologies and encouraging their application. The principal disadvan-
tage of standard-setting is the risk that more rapid adoption of stand:,
‘ards_may provide short-term benefits for users but hinder future
innovations which could be inconsistent with the standards. *

* Congress might consider legislation which would clarify the legal®
position of standard-setting groups. Currently, groups which oversee
the intricate process of developing standards, such as professional and
-trade associations, can be held responsible for antitrust violations
which specific standatds may pose. In addition; Congress could con-
sider mandating a more active tele for the Federal Government in
coordinating and promoting standard-setting efforts. A potential
disadvantase of this option is that it would increase Federal involve-
ment in PA"markets.

Option: Encourage Use of the Technologies.—The appropriate rate:
for adoption of PA is a subject of contention. It depends ontthe rates -
of adoption among our trading partners, the extent of delay between
invention .and adoption of new technology, and the ability of the la-
bor force and industries to adjust. There is probably a gegree to which
PA adoption can be facilitated by Federal efforts without incurring
excess costs. Beyond some indefinite point, however, encouragement
of the use of PA may lead to ill-considered applications and excessjve
problems for employees and communities.

Federal options for facilitating application of PA primarily involve
removing barriers. These options include assistance-in providing
capital for the purchase or lease of automation equipgient, and pro-
viding information about PA to manufacturers.

Measures to encourage adoption of PA, however, are only a partial
and short-term solution to manufacturing problems. A longer-term solu-
tion involves redressing the historical U.S. inattention to manufacwring
processes, organization, and management. Though there is some evi-
dence thit the private sector has begun to address this need, Con-
gress could play an important role in fostering the development of
engineering curricula in universities which combine manufacturing,
design, and human resqurce management activities; as well #5 en-
couraging research in manufacturmg engmeermg topics. Further, Con-
gress could establish some”form of ‘‘manufacturing institute,’ " per-
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Photo credit: National Bureau of Standards

A robot loads a computerized machining center at the National Bureau
of Standards' Automated Manufacturing ‘Research Facilify’

-
¢

haps building on the research centers already at NBS or at
universities, to provide a focus for manufacturing technology. orga-
nization, and managementiissues. Such an institute could serve as an
information clearinghouse for manufacturers, as well as a think tank
with rotating fellowships forpeople from all parts of the manufactur-
ing sector. : .

Employment ;o o S
The United States has hfd major(F-gdderal prograins for employment
since the Depression era. Excluding education and training programs
(see later in this chapter), existing Federal employment policy covérs
four broad categories: 1) the development and distribution of labor-
marketdnformation, 2) income maintenance for the unemployed, 3) la-
bor standards, and #®job creation. Compared with pgcies in most
suropean countries and Japan, U.S. labor market policy is reactive-
and uné¢oordinated, and it is not linked to other, thdustry-oriented pro-
grams for structural’adjustment in the national economy.
, Option: Maintain the Status QU(;.—ExiSting Federal programs pro-
vide relatively limited Federal involvement in empjpyment change.
Though some might argue that this level of involvement is appropri-
ate, the existing set of programs and institutions have several draw-
backs. In the last two decades, Federal employment poli¢y has corne
to focus on short-term programs for aiding disadvantaged groups of

&
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. a program is structuaed

people (low-income or chronically unemployed or underemployed). In .
partncular current programs are ill-equipped to deal with long-term
‘shifts in labor demand arlsmg from technological and economic
‘changes, growing uncertainty in skill requirements, and extended
unemployment among groups other than the disadvantaged. Similarly,
they are not designed to deal with large regional drspantles in unem-
ployiment, a problem that PA will likely aggravate in the near term.

Option: Establish Programs for Job Creation.—Job creation pro-

" grams can help decrease unemployment, .as well as stimulate economic

growth and help build the skills of the work force. The principal prob-
lem in developing a job creation program is-to avoid paying for jobs -
that employers would have created anyway, and to avoid merely shift-
ing employment froffi one mdustry to another, either of wh1ch would

diminish net job groth '

Job creation programs range from the most general (i.e., expansion- 4

4 ary macroeconomic policy) to specific measures ‘to stlmulat;e hiring,

including tax credits, incentives for domesti¢ prodmction, change in
~ average work hours, and ‘increased prc}ductlon public ggods and
services. In particular, the latter two types of job‘creation programs
might be considered in the face of persistent labor”surpluses Although
reducing average work hours can spread work among a larger group
of people, individual employees may experience real wage losses. The
actual costs and benefits of reducing work hours depend on how such

i

Similarly, stimulating production of so-called public goods and serv-
ices would also create jobs. Productiofl of public goods and services
does not have to be met by expanded public sector employment. As’
in the case of defense procurement, public investment can stimulate .
private sector employment. ‘‘Public goods and services”’ can include
a multitude of activities—from highway building to child care. The
pringipal disadvantage of public goods programs historically has been
the diversion of resources from private goods production.

Option: Expana Programs for Labor-Market Information.—PA of-

 fers the prospect of radical and ongoing changes in the deployment

of labor among manufacturing firms. Monitoring of employment pat-
terns by expanded collection and analysis of occupational employment
data would provide a means of measuring the rate, extent, and direc- .
tion of change. Expanded data collection by the Department of La-

. bor and the Bureau of the Census would improve ’t,heir,ability to de-

scribe and forecast employment trends, and it would improve the
information they disseminate to educators, counselors, and in-
dividuals. It would also provide data for comparing staffing patterns
samong firms—information that would be useful to managers, labor
&gamzatlons and educators-The primary argument agmnst such ef-
forts to expand labor-market informgtion is rooted in the desire to
reduce paperwork required of businesses, and to limit Government
statistics to those that are specifically needed by Federal agencies.
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Option: Expand Adjustment Assistance Programs.—Expanded pro-
grams for income maintenance or relocation assistance may be neces-
sary to ease adjustment problems caused by PA and a variety of other
factors. Although the debate over aid to displaced workers tends to
focus on external aid, actions by employers themselves may also serve
to ease employment shifts. Congress might consider legislation to en-
courage advance notice of technological change, which allows workers
to plan’for change, evaluate training needs, and seek new work.
Employers often regiat advance notice requirements, however, argu-
ing that technological change is a m&nagement prerogative. Another
measure that Congress might consider for employer actions would be
ginancial incentives to relocate personnel either within or outside the

irm. , : : _

Work Enviroﬁment .
OTA's analysis suggests that the area where PA itself may motivate

the greatest departure from past Federal policy is work environment. -

Because PA will eventually affect the work environment of most
manufacturing personnel, especially in metalworking manufacturing,
and because it poses potential new problems pertaining to the
psychological aspects of the work environment, this technology raises
questions about the adequacy of exi&ng mechanisms for studying,
monitoring. and regulating &orkplace conditions.

Option: No Increased Federal Role.—Although ne single policy in-
strument specifically addresses the impacts of PA on the work envi-
- ronment,. various mechanisms are already in place at the Federal,
State, and local levels that cover workplace concerns in general, par-
ticularly in the areas of health and safety. Further, a few efforts have
begun in both the private and public sectors to plan for the workplace
effects of the introduction to new technology. Finally, it may be too
early in the development and application of PA to devise an appro-
priate Federal role. All the above concerns might argue for retaining
the status quo. P

However, work environment issues are similar in some ways to other
problems, such as pollution, which are not easily solved by the private
sector on its own. With current estimates of union membership in the
United States totaling about one-fifth of all workers, there is a large
segment of the population that will not have a focused way to articu-
late work environment concerns. Finally, there is a great deal to be
learned about the effects of PAjon the workplace, and such research
must begin immediately in order to help improve the workplace as
adoption of PA accelerates. : :

Option: Increase Oversight and Monitoring.—Congress could in- '

crease the emphasis placed on the workplace effects of computerized
manufacturing automation through its oversight and monitoring ac-
tivities. Considerable oversight has been provided on these issues by
a number of congressional committees over the past severefl9 years.

[
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In addition to its own oversight activities, Congress could designate
monitoring responsibilities to the Occupational Safety and Health Ad-
ministration (OSHA) and the National Institute for Occupational
Safety and Health (NIOSH). While such oversight could inform Con-
gress and the public about workplace concerns and cover a wide range
of settings, it might result in a piecemeal effort with little or no coor-
dination of activities or sharing of information.

Option: Increase Support for Work Environment Research.—Can-
gress could support research, through such agencies as NIOSH, NSF,
and the Department of Labor, on both the short- and long-term social
impacts of PA on the workplace. Potential areas for research might
include the physical and psychological effects of PA, management
strategies and policies in introducing and using PA, worker partici-
pation, identification of hazards and how to control them, changes in
work content and organization, and changes in organizational struc-
ture, among others. Research would be particularly valuable for iden-
tifying techniques to measure nonphysical problems in the workplace.
Demonstration projects, seminars, and experiments would enhance
understanding of the effects of PA and the extent to which it can be .
shaped to improve the work environment.

Current research on the social impacts of PA on the manufacturing
work-environment’ is modest in scope and support, reflecting the
limited amount of interest and funding available for this purpose. By
contrast, study of the impacets of new technology on the workplace
is more common in Japan and Western Europe, where the subject has
historically received more attention across sectors.

“Option: Set New Standards.— New safety and health standards may
be required to address problems associated with the use of PA. Re-
liable information would be needed on the numbers of people at risk,
the nature of the risks, and the potential costs and benefits of estab-

. lishing and enforcing new regulations.

Option: Promulgate Omnibus Work Environment Legislation.—
Other aspects of the introduction of new technology into the
workplace, beyond safety and health concerns, suggest that a broader
approach to work environment policy may be desirable. These aspects
include the potential for excessive surveillance of workers and the dis-
parity in worker and management understanding of both the choices
available in adopting PA and theie workplace ramifications. In addi-
tion, a broader approach would ensure that the interests of all workers
would be protected. . .

A number of European countries have taken an omnibus approach
to workplace ¢gncerns. In Norway and Sweden, for instance, work envi-
ronment legis%%tion has been in effect since 1977. One purpose of this
legislation is to protect workers’ mental ag well as physical health in
the workplace particularly irf the context of technology change; an-
other is to give employees an opportunity to influence the design of
the work ervironment.
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- Education, Training, and Retraihing

- The Federal role in education has traditionally been that of sup-
plementing or enhancing State and local activities. In recent years
there has been a movement toward lessening direct Federal involve-
ment. In contrast, the Federal role in training and retraining ef-
forts-——parucularly for the economically disadvantaged—has been dom-
inant since the mjd-1960’s. In keeping with the trend toward
decentralization, the recently enacted Job Training Partnership-Act
(JTPA) shifts responsibility for administration and regulation of fed-
erally funded training and retraining activities to the States.

Option: No Increased Federal Role.—As in other areas‘affected by
PA, it may be too early to assess the appropriate Federal role in educa-
tion, training, and retraining related to PA. However,.if the Federal
Government chose not to modify its existing programs, it would for-
go potential roles unlikely to be assumed by other levels of govern-
ment or the private sector, such as agsisting in the coordination of
~ instructional activities, ensuring that’adequate labor - market and oc-
cupational forecasts are developed, and ensuring that information de-
" rived from such forecasts is actively disseminated to individuals, .
educators, and trainers. :

tion: Increase Support for Facilities, Equipment, and Qualified
Igétructors.—Congress could consider options such as tax incentives
fér the purchase of state-of-the-art equipment for training, and fund-
img to establish selected educational facilities and maintain them for
use in periods of intense demand for PA instruction. Congress is cur-
rently considering legislation to encourage interest in math and science
teaching, engineering education, and other forms of technical instruc- "
tion. While these measures could remove many of the barriers to the
establishment of PA instructional programs, they might also stimulate
too much interest in PA mstructwn at the expense of other types of °
education and training.

Option: Encourage Curriculum Development. ——Congress could enact
a grant proggam to fund the defelopment of curricula geared to the
development of PA-related skills. Encouraging comprehensive cur-
riculum design and the establishment of voluntary guidelines for cur- -
riculum content at various levels would guarantee some degree of
standardization to both enrollees and employers.

Option: Encourage Renewed Emphasis on Basic Skills and Problem-
Solving Skills.—Congress could choose te encourage at all levels of
instruction a renewed emphasis on strong, basic skills in reading,
math, and science. Special emphasis could be placed on the develop-
- ment of individual problem-solving skills, sincg these are jgnportant
prerequisités to training for careers in computerized manutacturing,
as well as for nonmanufacturing occupations.

This option could make the labor supply more resilient in the long
term by raising the overall skill level. It could also create a founda-
tion of skills that could be enhanced over time through the develop-
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ment 6f job-related skills, including those associated with PA. Finally,
this approach would not feed the process of *'skills obsolescence’” by
-tying individual instruction too closely to specific technologies.
Option: Encourage Individual Participation in PA-Related Instruc-
tion.—Possible measures already being considered by Congress to
make individual participation in instruction more economical include
individual tax incentives (e.g., deductions for spending on training for
a new occupation); the designation of training as an allowable expense
under the Unemployment Insurance System; and the establishment
. of individual education or training accounts..Incentives to individuals
would be particularly valuable in instances where employers do not
~provide PA-related instruction to their employees beyond the level
. of introductory training.

Option: Encourage Industry-Based Instruction.—Few users of PA
equipment currently have or plan to establish in-house instructional
programs. Congress could choose to encourage users of programmable
equipment to establish or enhance in-house technical training pro-
grams through the creation of tax incentives that help defray the costs

of instructors, equipment, expansion of instructional facilities, and .

curriculum development.

Option: Intensify Research Efforts.—Congress could choose to in-
‘crease Federal sponsorship of research to identify changing skills re-
quirements within manufacturing occupations, and to provide for
broad-based dissemination of the findings to better equip educators
and trainers for curriculum development. Congress could also use a

research program to encourage the developmeént of instructional stand- .

ards that are in keeping with PA skills requirements.

—
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General 'Information

7

Information on the operaf,ion of OTA, the nature and status of on-
going assessments, or a list of available publications may be obtained
by writing or calling: :

' Congressmnal Relations and Public Affairs Offlce :
Office of Technology Assessment
U.S. Congress
Washington, D.C. 20510

(202) 226-2115

Publications Available |

s

OTA Annual Report.—Details OTA’s act1v1t,1es and summarlzes re-
ports pubhshed durmg the preceding year. ‘

List of Publications. —Catalogs by subject area all of OTA’s pub-
lished reports with instructions on how to order them.

Press Releases.— Announces publication of reports, staff appomt
‘ments, and other newsWorthy activities.

OTA Brochure.—*“What OTA Is, What OTA Does, How OTA
Works." .

Assessment Activities.—Contains brief descriptions of assessments
upder way and recently published reports. :

Contacts Within OTA

(OTA offices are located at 600 Pennsylvama Avenue, S.E., Washy
ington, D.C.)

. Office of the Director . . ......... o 224-3695

Congressional Relations and Pubhc Affairs Office .. . ... 224-9241
Energy,. Materials, and International Security Division . ‘226-2_253
Health and Life Sciences Division . . . ... e 226-2260
Science, Information, and Natural Resources Division . . .226-2253
Administration Office. . ......... ... ... ... ... ... .. .224-8712
Personnel Office .. .. .. .. . e B 224-8713
Pubfcations . . . .. R ST S 224-8996
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