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ROBOTICS, PROGRAMMBLE ~ AUTOIVATI ON AND | NCREASI NG COWPETI Tl VENESS*

Bel a Gol d**

Mre than 25 years of enpirical research on the productivity, cost and
other effects of major technol ogical innovations in a wide array of industries
inthe U S and abroad have led me to draw two concl usions:

First: that the actual economc effects of even major technol ogical
advances have alnost invariably fallen far short of their ex-
pected effects; and

Second: that such exaggerated expectations have been due to their over-
concentration on only a limted sector of the conplex of
interactions which determne actual results.

Hence, sound analysis of the prospective effects of increasing applications of
robotics in domestic industries on their cost effectiveness and international
conpetitiveness requires avoi dance of such over-sinplifications.

Accordingly, Part | of this paper will present some foundations for policy
anal ysis, including: the place of robotics within current and prospective ad-
vances in manufacturing technol ogy; the effects of increasing robot utilization
on productivity and costs; and the resulting effects on international conpeti-
tiveness. Part 11 wll then consider the problems and policy inplications of
seeking: to accelerate the devel opnent of robotics and related advances in
manuf acturing technol ogy; to accelerate the diffusion of such advances within
domestic manufacturing industries; and to mitigate any potentially burdensome

soci al and econonic effects of such devel oprments.

| POLICY ANALYSI S FOUNDATI ONS

A, Robotics and Programmable Automation in Mnufacturing

1. Programmabl e Autonation

Gains in the physical efficiency of manufacturing operations may be derived

* Prepared for the Robotics Wrkshop of the Congressional Ofice of Technol ogy
Assessnent held on July 31, 1981.
** Wlliam E Unstattd professor of Industrial Economics and Director of the
Research Programin Industrial Economics, Case Western Reserve University,
C evel and, Onio.
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froma variety of developments. The nost inportant among these include: ad-
vances in technology; increases in the scale of production; inprovenents in the
output and quality capabilities of equipnment; adjustnments in |abor contributions;
and continuing increments in the effectiveness of production planning and control.
Because the effectiveness of such operations depends on integrating all these
factors, changes in any one are likely to interact with others. Hence, evalu-
ation of the effects of any innovation requires consideration of all resulting
readjustments in the system

After basic advances in technology, the nost inportant and continuous source
of gains in the physical efficiency of production operations in the past has
probably been increases in the specialization of facilities and equi pment. The
degree of specialization which was found nost rewarding was determined by the
variety and volune of output which needed to be processed by the given equipment.
Thus, increases in the standardization of products and in the quantity required
encouraged the introduction of progressively nore narrowy specialized production
syst ens. Eventual |y, the manufacture of conpletely uniform products in very large
quantities led to the construction of interlocking arrays of highly specialized
machi nes capabl e of producing enornmous quantities with very great physical
efficiency. Such “dedi cated systems”, however, permt only mnor adjustnents
in product designs or processing nmethods. As a result, they are not applicable
to the overwhel ming proportion of manufacturing activities which involve the
production of wider arrays of products in smaller quantities. In addition, the
heavy investment required by such dedicated systens, conbined with their very
linmited flexibility, also encourages their users to resist changes in products
and inprovements in production nethods in an effort to use their existing equip-
nment as long as possible.

O course, engineering design pernmits a wide range in the extent to which
specialization is built into production machinery. Thus, “general purpose”
equi pment may be designed to accommdate a wide array of tools and processing
functions in return for limting its rate of output as well as other capabilities
in respect to any particular task. Such equipment’s output is also heavily
dependent on the concomtant specialized contributions of operators and other
service personnel. And intermediate degrees of equipnment specialization have
offered progressively larger trade-offs of decreases in the range of functions
capabl e of being performed,as well as decreases in reliance on the specialized
contributions of operators and other external inputs,in return for increases in
the level of output, quality and effectiveness of designated production tasks.
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asa result of intensifying narket pressures, there have been sharply
increased efforts in recent years to inprove the cost conpetitiveness of nmanu-
facturing operations devoted to a limted variety of products required in
vol umes ranging fromrelatively small to noderate. Such needs are doninant in
nost small and internediate manufacturing plants as well as even in large plants
manuf acturing capital goods. By far the npbst inportant advance in such capa-
bilities has cone from the devel opnent of conputerization and related communication
and instrumentation capabilities. These permt the utilization of replaceable
programed instructions in combination with programmable controls to enable
given equipnent to turn out varying amounts of a succession of different parts
with little or no operator requirenents.

In order to help clarify the broad potentials of the resulting revolution
in manufacturing technology which will be unfolding with accelerating rapidity
over the next decade, it may be useful to illustrate the interconnected changes
being generated as a result. Increasingly, the process wll begin wth conputer-
ai ded design (CAD), with engineers devel oping new designs on the screen of a
term nal by specifying certain points on the screen and tapping instructions
concerning the desired shapes and dinensions of the configurations to be drawn
around them The key point to understand is that in the course of projecting
the design shown on the screen the computer is storing a detailed nathematical
model of all of its features. It then becomes possible to use this information,
or data base, for an expanding array of purposes. For exanple, the resulting
definition of the dinmensions and configurations of the designed part may be used
in computer programs to generate such manufacturing requirenents as:

1. a schedule of the sequence of machines to be used in producing the part;

2. specific operating instructions for each machine as well as identification
of the tools required to perform such operations;

3. dinmensional criteria for testing conformance of the finished part wth
design requirenents;

4. production schedul es specifying individual nachine assignnents to accord
with estimated nmachining time required for each part and with previously
schedul ed nachine |oadings as well as delivery dates;

5. estimates of the unit cost of each operation, including the wages of the
operator;

6. estimates of total unit costs of producing specified products nmay be used

to determine bids for contracts; and
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7. conbining the design data with materials specifications and planned
output, along with expected scrap rates and waste, to generate pro-
curenent requirenents.

As indicated in Figure 1, various other kinds of performance eval uation and
control information may al so be generated.

By tracing only one direction of such information flows, however, even the
preceding inpressive array of applications understates the potential benefits of
such systens. In fact, all such flows nove in both directions. Engineers can
use themto explore the relative costs of alternative designs: Mnufacturing
specialists can evaluate alternative processing sequences and machining in-
structions. I nventory adjustnents can be adapted to accord with production and
distribution variations. Production requirements and manpower availabilities

can be adapted to one another.

Production Machining | fachine Parts -
Schedul i ng” Instructi Per f or mance Testing
& Control |

\‘

Assenbl y

Process y
Pl anni ng ] Operations
- Computer-—
: ’ Aided .
1 npcion .
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Figure .1. Potential Applications of Design Data Bases

Prograns have already been devel oped to apply each of the possibilities
cited above. But few plants are actually utilizing many of them on a continuing
rather than an experinental basis. Despite the clarity of the logic involved,
the devel opment of a functioning systemrequires confronting very large nmasses
of details and many alternative possibilities at most stages of defining sequential
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deci si ons. There can be little doubt, however, that the future will see in-
creasing realization of such potentials with profound effects on the requirenents

(1)

for remaining conpetitive.

2. On the Role of Robotics Wthin Progranmmabl e Automation

Mbst robots are used in manufacturing as mechanical replacenents for formerly
manual operations. Mjor categories of such assignnents include “pick and place”,
“mani pul ate” and “process”. Essentially, the first involves transferring in-
dividual parts fromone location to another, the second usually involves bringing
parts together, as in assenbly, and the third involves carrying out actual
operations, such as welding or painting or testing. The conplexity of these
efforts may be enhanced if the robot is required to select anong several objects
through identifying key characteristics, or if it has to sense proxinmity to its
target location, or if it has to adapt its manipulative or processing efforts
to variable conditions. Efforts to extend the range of applications of robots
have accordingly involved shifting increasingly from mechanically guided and
controlled nodels to those which are programable, equipped with feedback
controls, capable of sone degree of “learning” and possessed of a wider array
and nore sensitive manipulative potentials. Thus, in the perspective of [|abor-
repl acenent objectives, developnmental progranms have sought to supplement the
greater strength, speed, fatigue resistance and inperviousness to boredom of
robots with increasing such capabilities as visual discrimnation, precision
of location and nmovenent, and sensitivity to touch, pressure and torque.

Robots have commonly taken the form of separate pieces of equipment which
are readily novable fromone location to another. This obviously vyields ad-
vantages of nobility conparable to the relocation of operators to adjust to
changes in production needs. But the performance of what have cone to be
considered as “robot-like” functions need not be restricted to such separate

nobi l e units. I ndeed, the devel opment of flexible nmanufacturing systens (FMS),
or programmmabl e automation systems, may well involve new conbinations of
“built-in” robot-like functions. In the case of machining centers, for exanple,

instead of using a separate robot to select needed tools froma rack and then

(1) For further discussion, see B. Cold,_An Inproved Mdel for Managerial Evalu-
ation and Uilization of Conputer-Aided Manufacturing: A Report to the
Nati onal Research Council Conmittee on Conputer-Ai ded Manufacturing,
Washington, D. C., March 1981.
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attach and remove themin proper sequence, this capability is built into the

equipnent.  Various kinds of machines also have built-in capabilities for

grasping, loading, unloading and passing parts along. And still others include

devices for testing the conformance of finished parts with dimensional requirenents
The point being enphasized is that continuing devel opment of programmble

automation systems may well involve changes in the physical forms as well as in

the functional capabilities of robot-like contributions to production. Physically

separate units may be increasingly supplenmented by replaceable attached units

to service the changing requirenents of particular machines, as well as by built-

in robot-like capabilities in cases where the need for such services is expected

to be continuous and to remain within a range which can be nmet effectively --

thus, many |abor-replacing robots may thenselves be replaced. Indeed, the very

devel opnment of inproved capabilities in robots may stinulate the redesign of

ater equipment to incorporate some of these additional functions. Hence, while

it my remain feasible to assess the prospective effects of many individua

robot applications, an increasing nunber of cases may require a broader eval u-

ative context in order to ensure consideration of their interactions with other

inputs as well as of other factors affecting performance in tightly integrated

production operations

B.  ROBOTICS, NMANUFACTURI NG PRODUCTIVITY AND COSTS

1. On the Concept and Measurenent of Productivity

Despite wi despread concern about |agging productivity in many U S. industries,
anal yses of the problem and proposed inprovenment policies are still seriously
handi capped in several ways. The nbst serious of these involves continuing re
|'iance on inadequate concepts and nisleading measures of productivity, such as
“output per man-hour” or “value added per nman-hour” or the supposedly sophisticated
“total factor productivity” -- all of which can be shown to be of dubious val ue,
when not actually nisleading, for nmanagerial purposes.

For exanple, “output per man-hour” has nothing to do with the effectiveness
of production as a whole, or even with the effectiveness of |abor contributions
to output. By conparing the conbined product of all inputs with the sheer volume
of paid hours by one input, it patently ignores changes in the volume and contri -
butions of all other inputs. “Value added per man-hour” repeats this error of
attributing changes in output to only one of the inputs, but also encourages
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interpreting mere increases in wage rates, because they enter into value added
as evidences of increased “labor productivity”. The grandly |abelled “tota
factor productivity”, on the other hand, is so overly aggregative as to nmake
interpretations of resulting changes both difficult and highly vul nerable
Specifically, howis one to interpret changes in its ratio of “product value
at fixed product prices” to “total costs at fixed factor prices”? Do they re-
present changes in deflated profit margins, or changes in the ratio of product
price to factor price indexes, or changes in product-nix, or changes in a variety
of other relevant factors including some aspects of productivity?

In addition to such erroneous concepts and neasures, prevailing discussions
of productivity problems and renedial policies are also underm ned by highly
vul nerabl e deductions about the causes of apparent changes in productivity levels
and by dubious clainms about the effects of productivity adjustnments on costs
and profitability. As a matter of fact, findings that output per man-hour, or
val ue added per nman-hour, or total factor productivity had increased or decreased
by 5 per cent last year would reveal nothing to management about: what had caused
this change; or how rewarding or burdensome it was; or what mght be done to
i mprove future performance

In order to serve the practical requirements of nmanagement, a productivity
neasurenent and anal ysis system nust enconpass all of the inputs whose inter-
acting contributions determine the |evel of output and the effectiveness of
production operations. For this purpose, one approach which has been applied
in awde array of industries utilizes the concept of a “network of productivity
rel ationships”. As shown in Figure 2, it enconmpasses the six conponents which
managenent can manipulate in seeking to inprove production efficiency: three
representing the input requirements per unit of output of materials, labor and
capital goods;(z) and three nore representing the proportions in which these
are conbined with one another. The latter obviously need to be included because
managenent coul d, for exanple, substitute more highly processed inputs in place

(2) Fixed investment is related to capacity rather than to output, however, because
that is what capital goods provide. Actual output may then vary with demand
entailing varying levels of idleness of such equipment. In neasuring the pro-
portions in which the nmajor inputs are conbined with one another, however,
| abor and materials inputs are conpared not with total fixed investnent but
with actively-utilized fixed investment, i.e., with fixed investment adjusted
for the ratio of output to capacity.
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of using sone of its own |abor or equipnent, or it could substitute nore equip-
ment to replace labor. The inter-connectedness of these six elements enphasizes

that a change may be initiated in any one, but that its effects must then be
traced around the entire network to ensure that all adaptive adjustments have
been made which are necessary to reintegrate the system This al so nmeans
that an observed change in one of the links need not have been engendered in
that link, hut rather have resulted as an adjustment to a change induced el se-

where in this system

Output
Fixed | Materiols volume: \ Materials

invesimeni . yolume
Fixed investment X output/capacity

Fig. 2 The network of productivity relationships among direct input factors [9].

For exanpl e, mechanizing some manual operations would first affect the
ratio of actively-utilized fixed investnment to man-hours. This would tend to
reduce man-hours per unit of output, while the attendant increase in fixed in-
vestment mght alter its ratio to capacity. And if the innovation reduced
scrap rates, it would also decrease the naterials input volume per unit of
out put .

Because managenment’'s prinmary notivation in altering productivity relation-
ships is usually to inprove its cost conpetitiveness, it is necessary to evaluate
past or prospective changes in the productivity network by tracing resulting
effects on the cost structure. This involves, first, tracing the interaction of
changes in each unit input requirenent with its factor price to calculate re-
sulting changes in its unit cost. For exanple, a 10 per cent increase in output
per man-hour would yield only a 5 per cent reduction in unit wage cost, if it
were acconmpanied by a 5 per cent increase in hourly wage rates. In turn, the
effects of resulting changes in various unit costs on total unit costs depend

of course, on their respective proportions of total costs, as shown in Fig. 3.
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Thus , the preceding exanple of a five per cent reduction in unit wage costs

woul d tend to reduce total unit costs by only one per cent if wages accounted
for only 20% of total unit costs. And total unit costs need not have declined

at all if the assumed ten per cent increase in output per man-hour had been
engendered by increased investment in nachinery,or by purchasing nmore highly

processed and hence nore expensive nmaterial inputs.

Moteriol
costs
Total
o o3t

Fixed
costs
Yotail

costs

Materiol
{ sost_
QOutput

| _Mmoteriol

Woge, prices

rates

FIG 3 Productivity network, cost structure and managerial control ratios.

Management tends to be even nore concerned about the effects of prospective

i nnovations on profitability than on costs. Hence, account nust be taken of the

fact that such effects involve not only the direct inpact of changes ‘on total

unit costs, but also the indirect effects of any changes in product quality or
product-m x on product prices and capacity utilization rates. In addition,
profitability would alsobe affected by any changes in the proportion of total
investment allocated tofixed investment and in the productivity of fixed invest-
ment. But this discussion will not pursue such further ramfications. It may be
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of interest to add, however, that the above analytical framework can be dis-
aggregate from plant level results to results within individual product Iines
or individual cost centers, and it can al so be deconposed to trace the effects

of changes anobng various conponents of material, labor or capital goods inputs. (3)

2. Exploring Productivity and Cost Effects of Robotics and Programable

Aut onati on

The preceding framework may now be used to trace the prospective effects
of increased applications of robots and of broader systems of programmble
aut omat i on.

Wthin the network of productivity relationships, the inmediate inpacts
of introducing additional robots would tend to center around increases in fixed
investment and reductions in |abor requirenents per unit of output. |n cases
where the utilization of nachine capacity had been restricted by the sustainable
speed of |abor efforts, output capabilities mght be increased. And in sonme
processing operations, robots night reduce the reject rate or even raise the
average quality of output. OF course, part of the reduction in direct man-hour
requirenents would tend to be offset by the need for providing additional skilled
mai nt enance and set-up personnel as well as progranmmng capabilities when required.

These indirect manpower requirenents enphasize the need to consider the pro-
spective effects of individual robot applications separately fromthe effects
of robotization programs, especially when nore conpl ex programmble robots are
involved. Sinple nechanical robots which are introduced as direct replacenents
for labor wthout altering other conponent of the production process offer no
speci al eval uation problems. But the requirenents of nore conpl ex programmable
robots for various types of skilled servicing technicians and even engineers
involves the assunption of substantial specialized and relatively fixed m ninum
manpower commitnents. Hence, the effectiveness with which these are utilized
depends on the number and variety of robots to be enployed. Indeed, such nan-
power requirements nmight offset nost or all of the expected benefits of reductions

in operator man-hours if the number of robots acquired were too small to utilize

(3) For nore detailed discussion of this analytical approach and for sone enpirical

findings resulting fromits applications, see B. Cold, Productivity, Technology
and Capital: Econonic Analysis, Managerial Strategies and Governnent Policies
(Lexington, MA: D.C. Heath-- Lexing on Press, 1979).
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such additional expertise. Because of such threshold requirements, the evalu-
ation of proposals for the acquisition of nore conplex robots should cover the
pl anned programto be carried out over several years rather than charging the
whol e of such basic service nmanpower requirenents against the first robots
acquired

As was indicated earlier, the effects of increasing the use of robots on
unit manpower costs depends on resulting changes in the volunme of direct and
indirect manpower per unit of output and in their respective rates of paynent
In the case of relative sinple robots which replace |abor and involve quite
mi ni mal demands on existing maintenance and set-up personnel, the result tends
to be a sharp reduction in the unit wage cost of the particular operation which
was affected. In the case of adoptions of nore conplex robots, such reductions
in direct unit wage costs would tend to be at |east partly offset by increases
in the number of needed maintenance and other specialists as well as by their
hi gher average earnings. The net effects on total unit manpower costs woul d
depend then on the output |evels over which these larger indirect costs were
distributed. Thus, because of the decreased flexibility in enployment |evels
for such service personnel, attendant changes in output levels may have a
significant effect on total unit manpower costs as well as on total unit capita
char ges. But the introduction of robots is not likely to affect output levels
except, as was noted earlier, where operator linmitations of effort, fatigue or
careful ness have resulted either in under-utilization of the related equi pment
capacity, or in higher reject rates (thus involving higher unit mterial costs
as well) -- or where robots are subject to significant periods of unexpected
downtime for repairs or readjustnents.

Expected changes, in the total unit costs of the operation directly affected
can then be readily calculated by weighting the estinmted percentage change in
unit materials, l|abor and capital costs by their respective proportions of tota
costs, as shown in Fig. 3. In the case of nore conplex robots, however, as
exenpl ified by processing and assenbly robots, a broader evaluation franmework
may be necessary if the effective functioning of such robots requires nodifications
in prior operations in order to provide nore precise Or higher quality parts to
enter such processes. A broader evaluation framework nmay also be necessary if
such robotized operations significantly affect the productivity and costs of
subsequent stages of operations, or the quality of the final product in ways

affecting prospective demand or prices
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In short, the increasing diffusion of robots is likely to nake only a
modest, though still significant, contribution to inmproving the cost effectiveness
of most manufacturing firnms. One of the basic factors linmiting such potential
benefits is that direct wage costs seldom account for more than 15-25 per cent
of total costs and any savings through reducing direct man-hour requirements tend
to be partly offset by increases in capital charges and in indirect wage and
salary costs, and further offsets would be generated if wage rates are increased
to help gain acceptance of such innovations. An additional limtation on such
potential benefits “arises fromthe fact that only a narrow array of tasks can be
performed nore economcally by robots than by |abor or by nmachines which include
the robotizable capabilities. Indeed, even sone of the nmanual functions which
can be econonmically transferred to robots now may in time be transferred into
redesi gned rmachines, as was noted earlier.

From the standpoint of l|onger term planning perspectives, consideration
should also be given to a plant’s cost proportions and to the prospective effects
of increasing the ratio of “fixed” to “variable” costs. Cost proportions differ
very widely, of course, anong industries as well as among plants within industries.
The long term average proportion of total costs accounted for by actual wages in
U S. nmanufacturing has been well under 20 per cent, ranging between |ess than 10
per cent in ore snelting, petroleumrefining and other industries which represent
the first stage of processing natural resources to nmore than 40 per cent in in-
dustries involving the fabrication of conplex nachinery. (4) Thus, the prospective
effects of robotization on total unit costs through reductions in unit wage costs
woul d tend to be far greater at the latter extreme. Attention nust be given not
only to the magnitude of cost proportions, however, but also to the extent to
which a given category of unit costs could be reduced through robots or other
i nnovations. Thus, any resulting increases in output per man-hour which are largely
or wholly offset by attendant increases in hourly wage rates would yield little or

no cost advantage, however large the wage cost ratio -- especially if account is

(4) For a conparison of cost proportions in 20 manufacturing industries, see B. ol d,
Expl orations in Managerial Economics: Productivity, Costs, Technol ogy and
Gowh (London: Macmillan, 1971; New York: Basi ¢ Books, 1971), p. 137.
Japanese translation - Tokyo: Chikura Shobo, 1977. Differences in cost pro-
portions anong plants in the same industry are attributable primarily to

differences in their “make vs. buy” ratios, in the nodernity of their technol ogies
and facilities, in their scale of” operations and in their product-mx. For

further discussion, see B. Gold, “changing Perspectives on Size, Scale and
Returns: An Interpretive Survey”, Journal of Economic Literature March 1981,

especially pp. 21 et.seq.
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al so taken of the associated increase in capital charges. On the other hand,
sight must not be lost in such evaluations of the powerful |everage of reductions
intotal unit costs on profit nmargins, for even a 5 per cent reduction in total
unit costs could increase profit margins by 33-50 per cent. Hence, the relative
magni t udes of wage cost proportions warrants careful consideration in choosing
targets anong different sectors of operation for robotics applications whose
benefits are expected to center on wage savings.

Longer term planning for advancing manufacturing technology has al so been
affected in many industries by the traditional concern about the burdens of in-
creasing the ratio of total capital charges, which are considered “fixed”, to
| abor costs which are considered “variable”-- meaning that the former are un-
affected by reductions in output, while the latter decline with them But” it is
obvi ous that |abor costs have beconme |ess “variable” because of trade union
resistances to reductions in enployment and wage rates, and because of increasing
cost penalties for lay-offs through “social benefit” requirenents. I ncreasing
attention has also been given in recent years to adjusting depreciation rates in
response to changing levels of capacity utilization, thus enhancing the
variability of total capital charges.

The possibility should also be considered that capital inputs are becom ng
progressively nore econonmical than labor inputs as conpared with their respective
contributions to output. In part, this reflects the fact that continuing techno-
| ogi cal progress tends to enhance the production contributions of facilities and
equi pnent far nore than those of labor. Mreover, although capital goods prices
and wage rates both rise during inflationary periods, the prices to be paid for
the former stop rising as soon as they are purchased, while wage rates continue
to rise even after worknmen are hired,and nmight rise even more if “higher |abor
productivity” can be claimed as a result of the additional equipnent. Indeed, the
costs of using such capital goods nmay even decline steadily under some forms of
depreciation. In addition, nost increases in capital facilities involve sone,
and often substantial, replacements of |abor inputs, thus helping to offset part
of the capital costs. Stillanother factor tending to increase the relative
econony of capital inputs is the seenmingly irreversible trend towards increasing
paynents to labor for non-working time, including:lay-offs; sickness; holidays;
vacations; and pensions. Altogether, these considerations suggest that, in addition
to altering past characterizations of capital and |abor costs as “fixed” or

“variable” in response to output fluctuations, attention should be given to
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characterizing the long termtendencies of capital and |abor costs -- with
indications that the latter may warrant classification as “rising” relative to
the former.

Eval uating the prospective effects of advances in conputer-aided nmanufacturing,
or programmabl e automation al so requires nore conplex considerations as well as still
broader coverage and even |onger time perspectives. Briefly summarized, they are
likely to affect all unit input requirenents as well as the factor proportions
enconpassed by the “network of productivity relationships”, they tend to alter
longer termtrends in capacity levels as well as in capacity utilization, and
their effects are likely to reach beyond production operations to nodify nana-
gerial planning and control systens as well as the organizational structure of

firms. "’

€. ROBOTICS, MANUFACTURI NG TECHNOLOGY AND | NTERNATI ONAL COVPETI Tl VENESS

1. Sone Basic Perspectives onthe Determinants of International Conpetitiveness

The growing national concern with the declining international conpetitiveness
of a significant array of mpjor U S. industries has generated a stream of pro-
posals for renedial action. Unfortunately, nost of these are based on untested
assunptions about the general causes of such lagging conpetitiveness instead of
on penetrating anal yses of the specific industries affected.

It is inmportant to recognize that foreign conpetitive pressures no |onger
concentrate only on older industries with mature technologies. On the contrary,
such pressures are intensifying over a w de spectrum of “high technol ogy” in-
dustries as well. Exanples of the latter include: sem -conductors, conputers,
tel econmuni cations, sophisticated robotics, aircraft and flexible nmanufacturing
systems. Hence, followi ng the panic-induced proposals to abandon our ol der
industries, which are also major sources of enploynent and incone, would merely
intensify problens of donestic welfare and mlitary security. It is inportant,
of course, to foster the devel opnent of newy energing industries because, al-

though they are likely to nake only nodest contributions to enploynent, income

(5) For a brief summary of some of these effects, see B. Gold, “Revising Mnaga~~~~al
Eval uations of Conputer-Aided Manufacturlng ste

ety of R/{Enu?act [?rlng Engineers,

fact West Conference Vol 1 (Deaborn, :
Nov. 1980). For a nore detailed repor'[f &gae B. GOA||(é dAnl\/bl m?roved_ M°‘.ielAf or
Managerial—Evaluation—a-n-d—Utilizat&)o 0 npu_t er- € nuf act ur_l ng:

Denart ta the Natinnal Becearch uncil Committee on Computer-Aided Manufacturing

Wishi ngton, D.C.  March 198l.
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and foreign trade during their first 5-10 years of devel opnent, some of them
may beconme powerful sectors of our econony in the future. But encour agenent and
support for such enbryonic industries nust be supplenmented by intensified efforts
to re-establish the conpetitiveness of ol der major industries through advancing
beyond their current technological frontiers,if the national welfare is tobe
saf equarded in the short-run and internediate-run as well. (6)

A related view whose vulnerability is inadequately recognized holds that the
international conpetitiveness of our basic manufacturing industries is bound to
decline relative to | ess devel oped countries because of our higher wage rates.

O course, substantial wage rate differentials do exist and these are likely to
encourage continuing shifts in the location of some |ight manufacturing industries.
But such wage rate disadvantages are largely offset in many basic industries by

hi gher output per man-hour and higher product quality. |In addition, the tendency
for wage rates to rise nore rapidly in industrializing countries tends to further
reduce resulting differences in unit wage costs. It is also worth recalling here
that wages tend to account for less than 20 per cent in U S manufacturing as a
whole, thus liniting the effects of |ower wage rates in w de sectors of industry.
Most inmportant of all for the longer run is the fact that |abor inputs are being
replaced increasingly in determning the productive efficiency of nost manu-
facturing industries by capital inputs, which embody the technol ogical contri-
butions of advances in processing, nechanization, conputerization, programmble
controls and robotics. Hence, advanced industrial nations are likely to retain
their conpetitive advantages in nmany basic manufacturing industries for many years
to come. Such advantages will be reinforced by the greater availability of
investnent funds and the greater availability of the advanced engi neers and highly
skilled labor needed to maintain, supervise and inprove such sophisticated operations
-- especially those producing higher quality and nore conplex products

At any rate, rmore sharply focussed diagnoses are obviously essential to the
devel opnent of effective renmedial efforts, not only for the industries which have
already been hard hit by foreign conpetitors, but also to help the additional array
of domestic industries likely to face such increasing pressures during the next
five years. In this connection, it may be worth noting sone of the findings
energing froma study of the factors affecting the international conpetitiveness

(6) For further discussion, see B. Gold, “US. Technological Policy Needs: Sone
Basic M sconceptions,” in HH Mller (cd.), Technology, International Econonmics
and Public Policy (Mashington, D. C. : Anerican Association for the Advancement

of Science, 1981).
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of a sanmple of domestic industry being conducted with the support of the National

ci ence Foundation.”’ Contrary to widespread assunptions and beliefs, the major
causes of the decreasing international conpetitiveness of various donestic
industries differ widely anong industries. Hence, generalized solutions are

likely to result in only mld palliative at best. Also, although decreasing
conpetitiveness in production efficiency is a major factor in a nunber of industries;
such shortcomings are powerfully reinforced, and sonetimes even over-shadowed by:

a. Product designs which are less efficient, less attractive, |ess trouble-

free or less sensitive to changes in consuner preferences;

h. Higher unit wage costs resulting from wage rate increases which have out-

run gains in output per nman-hour;

c. Higher unit costs of raw materials, energy, capital goods, or investment

funds; and

d. Less aggressive marketing and |ess responsiveness to customer delivery

and servicing needs.

Third, even disadvantages in respective to production efficiency are due to
a variety of causes. Less advanced technol ogical processes, older facilities
and nore limted utilization of conputer-aided manufacturing and robotics have
certainly been inportant handicaps. But it would be a nmistake to under-estinmate
the influence on strengthening the conpetitiveness of various foreign producers
of such factors as: nore aggressive managerial demands for productivity inprove-
ment; larger technical staffs under greater pressure and nore effectively notivated
to increase technol ogical capabilities; and reliance on longer production runs of
a more limted product-mx to help keep capacity utilization rates high.

Fourth, another inportant contributor to the production efficiency of sonme
foreign producers has been their |abor’s greater productive efforts, greater
willingness to accept and maximze utilization of technol ogical advances and
improvenents, and greater nobility among tasks. But blaming a large share of the
decreasing conpetitiveness of domestic industries on general declines in the capa-
bilities and notivations of |abor tends to be contradicted to some extent by the
high quality of output and the apparent cost effectiveness of sonme foreign-owned
plants in the United States. This does not mean that all trade unions have sup-
ported the introduction of technol ogical advances, have co-operated in efforts to
raise productivity levels to those achieved by foreign conpetitors, and have limted

(7) The author is Chief Investigator, The report is scheduled for late 1981.
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demands for increases in wage rates to match increases in their contributions

to production capabilities. But it does nean that sonme foreign managenents --
and sone donestic managenents as well -- have found it possible to work with
domestic labor in ways which yield high quality products, high productivity and
conpetitive costs. Here again, therefore, the need is to dig beneath superficia
general izations to come nore closely to grips with the factors which are nost
influential in various sectors of industry, and under different conditions

2. Potential Contributions of Robotics and Progranmabl e Automation to

I mproving International Conpetitiveness

The potential contributions of robotics and programmabl e automation to
improving the conpetitiveness of domestic manufacturing industries must be
examned within the context of the preceding conplex of influential factors

Increasing the utilization of progressively inproved robots woul d obviously
tend to have a positive effect on technol ogi cal conpetitiveness. But the re-
sulting gain is likely to be of only nodest proportions in most plants and
industries unless such advances are integrated with sinultaneous advances in *
other determinants of technol ogical conpetitiveness. Roboticizing manual op-
erations in old plants using old machinery to nake ol d products has obviously
linited potentials. Nor are major advances likely to result frominproving any
other single component of the interwoven fabric of changes underlying significant
progress in technol ogical conpetitiveness. Robotics can undoubtedly make sub-
stantial contributions to such progress, but only as part of a conprehensive
program to inprove technol ogical conpetitiveness.

Such programs nmust enconpass carefully co-ordinated plans seeking to inprove
the capabilities and attractiveness of products, to adopt advanced technol ogies
to enbody themin mdern equi prent of a scale deened close to optimal for the
level of output and product-mix to be provided, to provide for progressively ad-
justing input factor proportions and equiprment utilization practices so as to
maxi ni ze production efficiency, and to ensure continuing efforts to inprove
per f or mance. It would be inpractical, of course, to attenpt to advance on al
of these fronts simultaneously. But it would also be frustrating and wastefu
to attenpt to make major advances along any of these channels w thout considering
prospective interactions with, and possibly offsetting pressures from these

other conponents
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Moreover, recognition of the conplexity of the elements involved in
achieving significant advances in technol ogical conpetitiveness nust be conbined
with appropriate time perspectives both in setting inprovenent targets and in
pl anni ng progress towards them In setting targets, it is inportant to base
them not on catching up with the current capabilities of conpetitors, but on
careful evaluations of prospective inprovenents in their capabilities over the
next 5 years, along with parallel evaluations of prospective changes in the avail-
ability and prices of all required inputs,as well as in the output |evels, mx
and prices of products likely to be experienced in the market place. And in
pl anning progress, realistic assessments need to be made of the likely avail-
ability of capital, of the time needed to acquire needed facilities and equi prent
and for management, engineers and labor to learn to use them effectively, as well
as of the constraints likely to affect the rate of adjustments in enpl oyment

level s and organizational rearrangenents.

Il SOVE BASIC PCLICY | SSUES AND ALTERNATI VES

A BASIC | SSUES

Although it has already been enphasized that the declining international
conpetitiveness of an increasing array of donestic manufacturing industries is
attributable to a variety of factors, there can be no doubt that |agging techno-
| ogi cal conpetitiveness and related production efficiency is one of the |eading
causes. Such lags are due to belated and inadequate adoption of successful
technol ogi cal advances available from abroad, to inadequate nodernization of
facilities and equi pment, to inadequate inprovenents in production managerment and
controls, and to continued shortcomings in gaining |abor co-operation for maxi-

mzing the cost and quality conpetitiveness of products.

Wthin this array, programable autonmation is especially inmportant not only

because it can contribute to each of the others, but, above all, because it re-
presents an essentially general process of Progressive advances in technol ogical
capabilities and productive efficiency. Instead of offering the particular

| ocalized benefits of any single inprovement in process technology, or in the
capability of a new machine, programmable automation may be regarded as a form of

“cont agi ous” technol ogy which keeps pressing to surmount the boundaries of any
given application and thereby to “infect” adjacent sectors of operations and

controls. It may, of course, be applied beneficially to single operations, but
its major potentials derive from providing the means Of achieving increasingly



App. B—Commissioned Background Papers .

109

19

optimal functioning of each production unit, increasingly effective integration

of all conponents of production, and increasingly effective co-ordination and

control of other non-production operations as well -- as was illustrated in
Figure 1.
Robots have been and will, of course, continue to be introduced sinply as

direct replacenents for individual workers performng manual tasks. But an in-
creasing proportion of their applications in the future are likely to derive
from the continuing devel opnent and spreading of programmabl e autonmation systemns,
which are likely to require conparably inproving capabilities in their robot
conponents.

Accordingly, the key issues involved in increasing the contribution of pro-
grammebl e automation and robotics to strengthening the international conpetitive-
ness of domestic manufacturing industries would seemto center around:

1. the adequacy of the rate of devel opnment of the technol ogical capabilities
of programmeble aut omati on systens and of robotics relative to the rate
of progress abroad,;

2. the adequacy of the rate of diffusion of programmabl e automati on systens
and of robotics relative to their capacity to inprove productive efficiency
and cost conpetitiveness, and also relative to such diffusion rates anong
foreign conpetitors;

3. the relative effects of slower and faster rates of devel opment and dif-
fusion of such systens and of robotics on the conpetitiveness of various
domestic industries as well as on their enploynent |evels and capital
requirenents; and

4., the identification of the nature, sources and relative inportance of the
influential deternminants of changes in the rate of devel opnment and dif-
fusion of programabl e automation systens and robotics.

The formulation of effective approaches to encouraging fuller realization

of the constructive potentials offered by programmabl e automation systens and

robotics would seemto require prior careful exploration of these issues.

B.  SOME POLICY NEEDS AND ALTERNATI VES

1. On the Adequacy of Devel opnent Rates

Until now, nost of the devel opnent efforts concerned wth programable auto-
mation and robots have been focussed on perfornming existing tasks nore effectively
or nore safely. Because of the already recogni zed needs of managements and the
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consequent easing of marketing problems, early robot applications were designed
to replace workers in dangerous or unconfortable working environments, then in
tasks involving heavy physical demands, and only later and nore gradually in

highly repetitive tasks. Mst such past applications required few advances in
technol ogy, primarily representing new forns of specialized machi ne designs. (8)

Al though later applications have required somewhat nore conpl ex operating
and control capabilities, devel opmental efforts have continued to be dom nated
by the objective of performng existing jobs faster or nore accurately. And
this approach is likely to continue anmong robot manufacturers because of the in-
evitably narrow set of functions to be performed by anyone of their products and
the consequent need to satisfy the conpletely pre-defined paraneters of the
conmponent tasks to be performed. Research frontiers would accordingly concern
i nproving mani pul ative capabilities, increasing the precision of actions taken,
enhancing the reliability and durability of operations, and broadening the
functions of programmable controls through extending the range of human senses
whi ch can be duplicated and through inproving provisions for adaptive adjustnents
and “learning”.

It is difficult to find persuasive data concerning relative progress in the
devel opment of robot capabilities in different countries. Active efforts have
patently been under way for sone years in Western Europe, Japan and the United
States as well as in Eastern Europe. And inpressive products have been marketed
by producers from each of these areas. Anerican manufacturers have been especially
conplimentary about the reliability of Japanese robots and about certain capa-
bilities of Swedish and Italian robots, while also praising a number of domestic
products. But the readiness of current and prospective American users of robots
to rattle off a long list of specific [imtations which tend to narrow the range
of inmediately rewarding applications much nore sharply than is suggested by
general discussions indicates that increased research and devel opnent may open
the way to a nmgjor expansion of practical robot applications in donmestic industries.
And resulting innovative advances might well engender the rapid growth of the
domestic robot manufacturing industry in addition to accelerating increases in
the productive efficiency of robot-using domestic industries.

This raises the question of whether any additional neasures should be con-

sidered by the government to augment the limted but increasing efforts by private

(8) For an excellent review of robotics applications by a pioneer in their develop-
ment, Se€e J.F. Engelberger, Robotics in Practice (New York: AVACOM 1980).
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industry and universities to inprove the capabilities and cost effectiveness of
dorestically produced robots. Sone foreign governnents have supported such
efforts through research and devel opment grants to industry and to universities
ana}j stohrough encouragi ng prospective users, especially in defense industries.
Simlar efforts have been made in this country, although probably on nore
limted scale.

Turning to progranmebl e automation, somewhat. similar early devel opnental
patterns may be noted. Initial applications tended to concentrate on devel opi ng
process controls for individual production units. But the fact that conputer
manuf acturers had a broader range of application potentials in view than robot
producers resulted in a rapidly expanding concern with co-ordinating progressively
wi der sets of individual process controls and then integrating these into in-
creasingly enconpassing performance-monitoring and control systens. Although
international surveys have called attention to sone foreign systens which seem
to be nuch more advanced than any in the United States, nost of these seem still
to represent uncommon cases of pioneering or largely experimental applications. (9)

Devel opmental efforts are under way in a number of domestic firms, especially
those involved in aerospace programs, to extend applications of progranmable
controls to a variety of production, planning and control functions. Butnpst of
these have not yet reached the stage of reliable broad comrercial applicability
and none at all have achieved effective integration over a wide array of such
functions. Moreover, both devel opnental efforts and applications have been of
distinctly neager proportions in firms basically devoted to non-defense production.
Hence the question arises in this connection, as it did in respect to robotics,
whet her any additional measures should be considered to augnent the increasing,
but still limted, efforts of private industry and of universities to accelerate
the devel opnent of increasingly conprehensive programmble automation system

Finally, increasing attention mght well be given to the possibility that the
devel opment of programmabl e automation systems may engender an alternative approach
to the devel opnent of robotic functions and forms. Specifically, in place of the
past approach of roboticizing existing manual tasks, the designing of programmable

(9) For exanple, see Dennis Wsnosky, Worldwide Computer-Aided Manufacturing
Survey (Dayton, OH Air Force Systems Command, Decenber 1977) and also
J. Hatvany, K. Rathmill and H. Yoshi kawa, Conputer-Ai ded Manufacturing:
An International Conparison (Wshington, D.C.: Nati onal Research Counci l
Committee on Conputer-Ai ded Manufacturing, Sept. 1981.)
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automation system may result in generating altered definitions of the kinds of
functions to be considered for robotization, and may even integrate some of these
functions into other machine or equipment conponents of the system It my be
relevant to mantion in this connection that progress in programmble autonation
is often discussed within the context of efforts to develop “automatic factories". (')
Al t hough such achievenents still seemfar off in respect to plants capable of
producing limted quantities of a variety of products econonically -- as dif-
ferentiated from continuous process petroleum refineries and chenmical plants --
they exenplify the reverse orientation which is likely to become increasingly
inportant: designing the plant as a whole and then defining the functions and
needed characteristics of the conponent parts, iﬁaad of devel oping robots and
programabl e controls for a succession of individual operations within existing

pl ant characteristics.

What are the policy inplications of such observations? There is anple
basis within the basic values of the Arerican” econom ¢ system for questioning
the advisability of governnental support for efforts by private firms to devel op
appropriable comrercial inprovenents in robot capabilities or in other tech-
nol ogi es. But there are very cogent reasons indeed for recognizing the govern-
nment’s responsibility for supporting research and devel opnent prograns seeking
to extend and enrich the pre-conmercial scientific and engineering foundations of
increasingly effective industrial operations.

Most private firns sel dom undertake technol ogi cal devel opment prograns which
are unlikely to reach comrercial fruition in less than 5 to 8 years, including
the time necessary to construct needed production facilities and to begin
marketing their products. One of the nost promising neans of nultiplying such
private efforts would be to increase the array of technol ogi es which have energed
fromthe often lengthy, costly and risky processes of internediate devel opnent
between basic research findings and a level of refinement deemed to be within
striking distance of appropriable forms of commercialization. Mreover, such
advances represent additions to national resources of know edge which are likely
to stimulate application efforts in many other sectors of the economy and soci al
services, including office operations, construction, household services and health

(11)

and rehabilitation activities.

(10) As an illustration of current efforts in this direction, see ELo_c_e_edJ_u%s_o_L
the Autofact West Conference (Dearborn, M: Society of Manufacturing Engineers,
Nov. 1980) Volumes | and I1I.

(11) For further discussion, see B. Cold, Productivity, Technology and Capital:
Econonic Analysis, Mnagerial Strategies and CGovernnent Policies (Lexington,MA:
D. C. Heath - Lexington Books, 1979) pp. 302-303.
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It should also be noted that one of the npst inportant future sources of
technol ogi cal conpetitiveness in manufacturing industries -- the devel opment of
i ncreasingly enconpassing systens of programabl e automation -- has not yet
advanced sufficiently to mnimze the possibility that intensified donestic
efforts mght not only match but mght even surpass foreign progress. It should
be recogni zed, however, that vendors of particular conponents are not likely to
make substantial investments in devel oping broadly conprehensive systens of pro-
grammebl e controls. Indeed, they are nore likely to resist any such devel opnents
whi ch mght generate requirements for components with characteristics different
fromtheir own offerings. Mreover, few manufacturers are likely to devel op
programabl e aut onmation systems which are applicable beyond their own unique
operating and organi zational arrangements. Hence, the practical questions would
seem to be: what span of operating and functional coverage would be applicable
wi dely enough to warrant the investment in developing it? and who night consider
it worth making such a commitment? Efforts to develop such systens in aircraft
manuf acturing plants are being supported by governnment agencies. And some private
firms have joined in devel oping some conmmon conponents of such systens. But no
conprehensive review of what needs to be done, or what the benefits of more ef-
fectively organized efforts might be, is available at this tine. Here, then, is
another area in which governnental support may yield valuable contributions to

advancing the conpetitiveness of donestic manufacturing.

2. On the Adequacy of Diffusion Rates

The inpact of technol ogi cal advances on narket conpetitiveness is determ ned
not by the location or rate of their developnent, but by the rate of their dif-
fusion and the extent of their utilization. Al though sone observers claimthat
Japanese industry has surpassed the United States in the utilization of pro-
granmabl e aut omation systens as well as of robots, such applications still account
for only very linmted sectors of their manufacturing industries and are even sparser
in Western Europe, Accordingly, there is still a wide open opportunity for donestic
manufacturing to overcone its current lags in this area and thereby achieve nmgjor
i mprovenents in its productive efficiency and cost conpetitiveness.

What factors have retarded the nore rapid diffusion of these technol ogies?
Perhaps the nost inportant influence has been the basic unawareness of nost in-
dustrial managenents of the far-reaching potentials of this burgeoning revolution
in manufacturing technol ogy. Such inadequate appreciation of these potentials
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may be attributed in part to the limted know edge of such capabilities of nost
of the senior engineering officials responsible for advising top managenent about
i mportant technol ogi cal devel opments. Another influential factor has been the
tendency of firns to continue relying on processes for devel oping innovational
proposal s, and on capital budgeting nmodels for evaluating them which worked
reasonably well for increnmental inprovements in established technologies in the
past, but which have serious shortcom ngs in generating and eval uating proposals
for major advances in technology |ike programrabl e automation. (12)

Such restricted perspectives have al so been supported by the concentration
of mpst vendors of programmable control systems and of robots on selling bits and
pieces to the lower level officials concerned with the sub-sectors likely to be
directly affected by their application, thus reinforcing the traditional view
that technical innovations can best be evaluated by specialists in the operations
i mredi ately involved, instead of enphasizing the broader potentials rooted in these
energi ng technol ogies. Wdespread awareness of the shortcomings and resulting
penalties of sone early applications have al so encouraged disinterest in these
devel opnents. It is inportant to recognize in addition that nost universities
have been quite backward in recognizing the new potentials of manufacturing tech-
nol ogy and of providing the educational prograns and research facilities needed
to train urgently needed specialists and to provide urgently needed advances in
related know edge.

There woul d be no basis, of course, for efforts by government to urge all
manuf acturers to adopt these innovations, inasmuch as differences in their needs
and resources ensure that no advances in technology are equally attractive for
all firms even in the industries nost directly affected. But it might well be
desirable for government agencies to undertake active programs to help devel op
full er understanding in industry of the potentials and acconplishments, as well
as the current limtations, of programmable automation systems and robotics --
including periodic reports on progress in the devel opment and utilization of such
advances abroad. And such agencies mght well consider exploring with a reasonable
array of universities the possibilities and desirability of expanding educational
as well as research prograns in various sectors of nmanufacturing technology -- and
hel ping to finance the acquisition of needed facilities as well as some schol arship
aid.

(12) For a detailed discussion of these processes and nodels, see B.Gold, An

or Manageri a al uation ] Utilizati onput er - Al

Manufacturing: A Report to the National Research Council Committee on
Conput er - Ai ded Manuf act uring (Vshington, D. C., March 1981).
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3. Effects of Atering Devel opnent and Diffusion Rates

Apprai sing the adequacy of current rates of adopting and utilizing program
mabl e aut omation and robotics obviously requires consideration of attendant
enbefits and burdens. Past adoptions of both have been sufficiently limted and
gradual to engender little observable effects on the enployment and skill require-
ments of the work force, while increasing the need for servicing personnel. This
experience has engendered sonme unconvincing assurances that the accelerated dif-
fusion of such technologies will not entail significant displacements of |abor
at the sane time that others have enphasized the urgency of utilizing these advances
in order to overcone serious shortcomings in cost conpetitiveness through the
attendant reductions nade possible in l[abor requirenents.

The basic fact is that unenploynment in any firmis caused prinarily by a
decline in its conpetitiveness. If it fails to adopt the technol ogi cal advances
utilized by conpetitors, its enployment will decline much nore rapidly than if it
adopts such advances, even if these involve sone displacement of |abor. Moreover,
for many donmestic industries such effects represent costs which have already been
exacted and which threaten to become even greater if technological |ags are not
reduced. Regai ni ng conpetitiveness in sone domestic industries may now require
reductions in man-hour requirements per unit of output of at |east 20-30 per
cent. “? Moreover, such lags are continuing to grow as foreign conpetitors’

efforts to surpass Anmerican performance keep intensifying -- as may be illustrated
by Japanese devel opnents in the steel, autonobile, machine tool and semi conductor
i ndustries. In short, major inprovenents in the performance of domestic industries

is inperative. Hence, rejecting attenpts to accelerate the diffusion of program
mabl e automation and robotics could only be justified by identifying and then
pronoting other neans of achieving the needed |arge advances in the productive
efficiency and cost conpetitiveness of mgjor industries within the next five years.

It should also be recognized that inplenenting the najor advances in tech-
nol ogy involved in accelerating tha application of programmabl e automation represents
a much nore difficult and far-reaching challenge to managenent than is generally
recogni zed. The key reason for this is the failure to recognize that basic tech-
nol ogies are built not only into the production machinery, but also into:

(13) For a conparison of |abor requirenents in the Japanese and U S. steel industries,
see B. Gold, “Steel Technol ogies and Costs in the U S. and Japan”, lron and
Steel Engineer, April 1978. Japanese translation in Joho Shuho (Tokyo)

July 1978.
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a. the expertise of the technical personnel;

h. the structure and operation of the production system

¢. the economically feasible range of changes in product designs and product-
m X;

d. and the very criteria used to evaluate the capabilities of new capital
goods; as well as

e. the skills and organization of |abor.
Each of these represents powerful and nutually reinforcing conmitments to pre-

serving existing operating and organi zational arrangenents, except for small,
gradual and localized changes. Hence najor advances are not |ikely to be achieved
unless they are pushed aggressively by senior managers comitted to achieve them
and willing to invest the resources and to introduce the organizational neans

necessary to inplement such prograns.

4, Oher Incentives and Deterrents

One of the most inportant stimuli to the increasing diffusion of robots has
been the gradually grow ng awareness among managenents, engineers and |abor that
these have proven thensel ves practical and economical in an expanding array of
applications, and hence are beconming an increasingly unavoi dable option anmong the
alternatives to be considered whenever plans to inprove productive efficiency are
being developed. This fact alone has forced production nmanagers and engineers to
seek nmore information about robot capabilities, limtations and costs, thereby
sensitizing themto the kinds of applications where they mght prove nost rewarding.
And such inquiries from prospective customers obviously help to focus the devel op-
ment efforts of robot nmanufacturers on neeting newy energing market opportunities.

On the other hand, one of the influential deterrents to nmore rapid adoptions
of robots has been managerial concern about |abor reactions. The introduction
of robots to replace operators in dangerous or especially unconfortable environ-
ments was readily accepted, of course, as, was their use in unduly exhausting jobs.
The use of robots in” highly routinized (“boring”) jobs has also been commonly
accepted by labor provided that the replaced operators were given other assignnents.
But there seems to be w despread concern anpbng managers that robot installations
whi ch threaten substantial enployment reductions in existing plants nay well en-
gender serious |abor problens, whose resolution would be |ikely to reduce expected
cost-savings substantially. Myjor installations are accordingly likely to be
restricted to new plants which can establish new nmanning levels in accordance wth
their new operating characteristics. Such nanagerial concerns need not, of course,
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prevent the increasing use of robots in older plants, but they would seemto
encourage introducing robots only slowy and in scattered operations, thereby
mnimzing the rate of gains in productivity and cost savings while easing |abor
resi stance. Only when an imediate threat to the survival of the plant is re-
cogni zed by |abor are such resistances likely not to inhibit major readjustments.

But it should be noted once again that large scale introductions of robots
woul d sel dom of fer substantial econom es anyhow, except as a neans of inplenenting
pl ans for broader programmble automation. And these can seldom be retrofitted
into old plants, except through major nodernization prograns involving changes
in production facilities and equi pment as well as operating practices.

Consi deration of large scale prograns of programuabl e automation and robot -
icization, however, raises fundanental questions concerning the past bal ancing
of prospective incentives and deterrents by managements, and the possible need
to shift that balance to provide greater encouragenment to undertaking the costly
and risky commtments involved in devel oping and adopting major technol ogical

advances. Key el enents would seemto include:

a. increasing the prospective profitability of longer terminvestnents in
advanced production facilities and in seeking to devel op mgjor techno-
| ogical inprovements in processes as well as products;

b. increasing the availability of trained technical manpower to guide and
manage such devel opments as well as the availability of a richer foun-
dation of scientific and technol ogical research and pre-comerci al
devel opnent as the basis for private commercialization efforts;

¢. increasing |abor recognition of the urgency of achieving nmajor advances
in cost conpetitiveness in order to ease threats to enployment and al so
easing resulting burdens on labor resulting from co-operation in the
utilization of technol ogical innovations offering such advances.

Meeting such needs would seem to require substantial contributions from
the governnent, from |abor organizations and from universities as well as from
industrial managements. And failure to neet such needs woul d probably exact
penalties from each of these beneficiaries of an effective industrial econony. (14)

(14) For more detailed di scussion, see B. Gold, Productivity, ‘technol ogy and
Capital: Economic Analysis, Managerial Strategies and Government Policies
(Lexington, MA: D. C. Heath - Lexington Books, 1979) Chapter 17. Also
see B. Gold, An Inproved Mddel for Managerial Evaluation and Uilization
of Conputer—Aided Manufacturing: A Report to the National Research Council

Conmi ttee on Computer-Aided Manufacturing (Vshington, D. C., March 1981).




