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Preface

In recent years, concern over the effects of technological change has led
many Americans to ask whether the development and application of new
technologies within the U.S. economy will create new employment or
contribute to higher unemployment. Many Americans appear to be pessimistic
about the answer to this question, an attitude that, if anything, has become more
widespread, despite the nation's recovery from the 1981-1982 recession. The
relationship of technology to employment and the effects of technological
change on the workplace and on U.S. productivity have become topics of
national debate in the face of slow economic growth, high unemployment, and
stagnation or decline in the real (inflation-adjusted) earnings of workers since
1970. The importance of these issues to the economic welfare of all Americans,
coupled with the impetus of a 1983 National Academy of Engineering
symposium that revealed a range of conflicting opinions on the long-term
implications of technological change for employment and a request from the
Council of the National Academy of Engineering, prompted the Committee on
Science, Engineering, and Public Policy (COSEPUP)1 to initiate the current
study following consultation with scholars, government officials, and business,
labor, and civic-leaders familiar with the employment-related effects of
technology. Thus, in 1985 COSEPUP created the Panel

1 COSEPUP is a joint committee of the National Academy of Sciences, the National
Academy of Engineering, and the Institute of Medicine.

PREFACE

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

vii

Copyright © National Academy of Sciences. All rights reserved.

Technology and Employment: Innovation and Growth in the U.S. Economy
http://www.nap.edu/catalog/1004.html

http://www.nap.edu/catalog/1004.html


on Technology and Employment to carry out a new inquiry into the impact of
technological change on employment opportunities, productivity and the quality
of work life (COSEPUP's charge to the panel is Appendix A).

The Panel on Technology and Employment first met in September 1985
and continued to meet at regular intervals during the next 18 months. This
report incorporates the results of our discussions in panel meetings, the
expertise of individual panel members, staff research and analysis, briefings
from experts in industry, academia, and labor (Appendix B is a list of
individuals who presented briefings to the panel or served as consultants), and
the findings of the research papers commissioned by the panel (see
Appendix C). A selection of these papers will be published separately in Studies
in Technological Change, Employment, and Policy in late 1987. To disseminate
our analysis and findings as widely as possible, we will also publish a summary
of our report, entitled Technology and Work in America: A Critical Challenge.

This report addresses a number of issues that have surfaced in the debates
over the employment impacts of technological change. These issues include the
effects of technological change on levels of employment and unemployment
within the economy; on the displacement of workers in specific industries or
sectors of the economy; on skill requirements; on the welfare of women,
minorities, and labor force entrants in a technologically transformed economy;
and on the organization of the firm and the workplace. We have concluded that
technological change will contribute significantly to growth in employment
opportunities and wages, although workers in specific occupations and
industries may have to move among jobs and careers. Included among our
policy recommendations, therefore, are initiatives and options that can assist
workers in preparing for and making such transitions.

In part because of the increased importance of international trade and
competition within this economy, technological change has become essential to
the preservation and expansion of U.S. employment and wages. The
employment losses that result from a decline in U.S. international
competitiveness are likely to outweigh any that might result from rapid
technological change. Accordingly, we have developed policy
recommendations to aid firms in the development and adoption of new
technologies, so as to enhance their international competitiveness.

Technological and structural change pervade the U.S. economy, as they do
any dynamic economic system. To ensure growth in economic opportunities for
U.S. workers, technology should be viewed not as the problem but rather as a
key component of the solution. With the development of policies that support
investment in the human resources of this nation, as well as policies that deal
with the consequences of
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technological change in an equitable and humane fashion, we believe that this
latest in a series of transitions to new structures of work and employment can be
accomplished efficiently and fairly. In the modern world economy, there is little
choice—the United States must remain at the leading edge of technology in
order to preserve and improve the economic welfare of all Americans.

On behalf of the panel, I would like to thank the numerous individuals who
met with us in the course of our deliberations to provide briefings and other
assistance and information. We also wish to express our appreciation for the
work of the panel's professional staff: Dr. David Mowery, the study director;
Dennis Houlihan; Nina Halm; Sara Collins; Leah Mazade, who worked with the
staff in editing the report for publication; and Dr. Leonard Rapping, the panel's
study director from June 1985 through March 1986. In addition, the panel is
indebted to Dr. Allan Hoffman, executive director of COSEPUP, for his
unflagging support of this study since its inception and to the reviewers of our
report, including the members of COSEPUP. Finally, I extend my personal
thanks to the members of the panel, who served with dedication and good
humor throughout this study of a difficult and extensive set of problems and
issues.

RICHARD M. CYERT

CHAIRMAN
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Executive Summary

TECHNOLOGY AND AMERICAN ECONOMIC WELFARE

Technological change transforms the production of goods and services and
improves the efficiency of production processes. It also allows the production of
entirely new goods and services. Since the beginnings of American
industrialization, such change has been a central component of U.S. economic
growth, growth that has been characterized by the creation of new industries
and the transformation of older ones as a result of innovations in products and
processes. Technological advance has also played an increasingly important
role in the growth of income per person during the past 100 years; its
contribution to that area and to economic growth is likely to increase still
further as the United States becomes more closely linked to the global economy.

The use of new technologies in production processes frequently reduces
the labor and other resources needed to produce a unit of output; these
reductions in turn lower the costs of production and the employment
requirements for a fixed output level. If reductions in the demand for labor were
the only effect of technological change on employment, policymakers
addressing the problem of maintaining U.S. economic welfare would only have
to balance the contributions of technological change against the costs of higher
unemployment.

However, technological change has other important effects that historically
have enabled society to achieve greater prosperity without sacrificing
employment. By reducing the costs of production and thereby
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lowering the price of a particular good in a competitive market, technological
change frequently leads to increases in output demand; greater output demand
results in increased production, which requires more labor, offsetting the
employment impacts of reductions in labor requirements per unit of output
stemming from technological change. Even if the demand for a good whose
production process has been transformed does not increase significantly when
its price is lowered, benefits still accrue because consumers can use the savings
from these price reductions to purchase other goods and services. In the
aggregate, therefore, employment often expands. Moreover, when technological
change results in the development and production of entirely new products,
employment grows in the industries producing these new goods. Historically
and, we believe, for the foreseeable future, reductions in labor requirements per
unit of output resulting from new process technologies have been and will
continue to be outweighed by the beneficial employment effects of the
expansion in total output that generally occurs. Indeed, the new realities of the
U.S. economy of the 1980s and 1990s will make rapid development and
adoption of new technologies imperative to achieving growth in U.S.
employment and wages.

One crucial new reality of the U.S. economy of the 1980s is that it is more
"open" to international trade than was the American economy of the 1950s and
1960s. The increased importance of trade means that higher productivity
growth, which is supported by technological change, is essential to the
maintenance of higher real earnings and the preservation of U.S. jobs.
Moreover, the more rapid rates of international technology transfer
characteristic of the modern economic environment mean that the knowledge
forming the basis for commercial innovations need not be domestic in origin,
just as U.S. basic research has underpinned the technological advances of firms
in other nations.

The relative rates of development and adoption by U.S. and foreign
industries of new process technologies affect the rates of growth in labor
productivity (output per worker) in those industries and therefore can produce
differences in labor costs among U.S. and foreign firms. To the extent that
foreign firms develop and adopt new technologies faster than U.S. firms, the
production costs of foreign producers will fall more rapidly. Barring shifts in
U.S. and foreign currency exchange rates, declines in the wages of U.S.
workers, or comparable technological advances by U.S. firms, these reductions
in foreign producers' costs will decrease markets for U.S. firms and ultimately
reduce jobs for American workers within the affected industries. To remain
competitive in the absence of technological change and labor productivity
growth in these industries, U.S. labor costs, relative to those of foreign
producers, must be lowered, either by direct reductions in wages or through
government policies that support devaluation of the dollar. Either of these
methods
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decreases U.S. workers' incomes relative to those of foreign workers. Thus, if
U.S. firms fall behind foreign firms in developing and adopting new
technologies, the alternatives are not attractive—U.S. workers must accept
fewer jobs or lower earnings.

Yet, if U.S. firms consistently develop and adopt new technologies more
rapidly than foreign producers, the picture is quite different. The resultant
higher productivity growth in U.S. industries will support reductions in
production costs, which will enable U.S. workers to retain higher-wage jobs.
Because new knowledge and technologies developed in the United States now
are transferred to foreign competitors more rapidly than they were in the past,
however, any technology-based advantages held by U.S. firms and workers
over foreign firms and workers are likely to be more fleeting in the future. A
key factor in sustaining American living standards and employment thus is
continued public and private investment in the generation of new knowledge.
Of equal importance, however, is the need for U.S. firms to advance from
fundamental knowledge to commercial innovations more rapidly than in the past.

We have defined our task in this study as that of analyzing the contribution
of technological change to employment and unemployment. Because
technological change plays a limited role in determining total employment, its
impacts in this area are primarily sectoral in nature, and those impacts are
affected only indirectly by aggregate economic conditions. We therefore regard
the design of macroeconomic policies aimed at achieving high levels of
aggregate demand and employment as outside this panel's charge. Despite the
increased importance of international trade for this economy and the role of
technological change within it, a discussion of trade policies also would have
taken this panel far beyond its charge; trade policy therefore was not considered
in detail by the panel.

Our principal finding may be succinctly stated:

Technological change is an essential component of a dynamic, expanding
economy. Recent and prospective levels of technological change will not
produce significant increases in total unemployment, although individuals will
face painful and costly adjustments. The modern U.S. economy, in which
international trade plays an increasingly important role, must generate and
adopt advanced technologies rapidly in both the manufacturing and
nonmanufacturing sectors if growth in U.S. employment and wages is to be
maintained. Rather than producing mass unemployment, technological change
will make its maximum contribution to higher living standards, wages, and
employment levels if appropriate public and private policies are adopted to
support the adjustment to new technologies.

Technological change often involves difficult adjustments for firms and
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individuals. Workers must develop new skills and may be required to seek
employment in different industries or locations. In many cases, workers suffer
severe financial losses as a result of permanent layoffs or plant closings.
Managers also face serious challenges in evaluating and adopting new
manufacturing and office technologies in an increasingly competitive global
economy.

Given these realities, we recommend policies to help workers adjust to
technological change. Our recommendations propose initiatives to aid displaced
workers through job search assistance, basic skills training, training in new job-
related skills, and advance notice of plant shutdowns and large-scale permanent
layoffs. Through these initiatives we focus on the need to assist individuals who
experience hardship as a result of technological change and to aid them in
securing new employment. We also offer recommendations that call on U.S.
firms to develop and adopt new technologies more rapidly and suggest policies—
both public and private—that might encourage them to do so.

The technological revitalization of American industry that is the goal of
these recommendations is essential to the national welfare. The alternative to
rapid rates of technological change is stagnation in U.S. wages and
employment. In the end, no trade-off need be made between the goals of high
levels of employment and rapid technological change. Policies that help
workers and managers adjust to technological change can aid and encourage the
adoption of productivity-enhancing technologies.

Technological change poses significant challenges to government
policymakers, business, and labor, as well as to individual workers. Although
the United States remains a technological and economic leader, the performance
of this economy in adopting new technologies, achieving higher levels of
productivity, and dealing with the adjustment of workers to new technologies
leaves a great deal to be desired. If business, labor, and government fail to
develop appropriate adjustment policies, the eventual price may be reduced
technological dynamism and a decline in the international competitiveness of
the U.S. economic system.

CENTRAL FINDINGS

In addition to the principal finding already stated, the central findings of
this panel cover a number of dimensions of the employment impacts of
technological change and form the basis for our policy recommendations,
summarized below and discussed in greater detail in Chapter 10 of our full
report. The complete set of findings for this study is compiled in Chapter 9.
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Employment and Wage Impacts of Technological Change in
an Open Economy

•   Historically, technological change and productivity growth have been
associated with expanding rather than contracting total employment
and rising earnings. The future will see little change in this pattern. As
in the past, however, there will be declines in specific industries and
growth in others, and some individuals will be displaced.
Technological change in the U.S. economy is not the sole or even the
most important cause of these dislocations (see Chapters 2 and 3).

•   The adoption of new technologies generally is gradual rather than
sudden. The employment impacts of new technologies are realized
through the diffusion and adoption of technology, which typically take
a considerable amount of time. The employment impacts of new
technologies therefore are likely to be felt more gradually than the
employment impacts of other factors, such as changes in exchange
rates. The gradual pace of technological change should simplify
somewhat the development and implementation of adjustment policies
to help affected workers (see Chapter 2).

•   Within today's international economic environment, slow adoption by
U.S. firms (relative to other industrial nations) of productivity-
increasing technologies is likely to cause more job displacement than
the rapid adoption of such technologies. Much of the job displacement
of the past 7 years does not reflect a sudden increase in the adoption of
laborsaving innovations but instead is due in part to increased U.S.
imports and sluggish exports, which in turn reflect macroeconomic
forces (the large U.S. budget deficit and the high foreign exchange
value of the dollar during 1980-1985), slow adoption of some
technologies in U.S. manufacturing, and other factors (see Chapters 2
and 3).

•   The rate of technology transfer across national boundaries has grown;
for the United States, this transfer increasingly incorporates
significant inflows of technology from foreign sources, as well as
outflows of U.S. research findings and innovations. In many
technologies, the United States no longer commands a significant lead
over industrial competitor nations. Moreover, technology "gaps" (the
time it takes another country to become competitive with U.S. industry
or for U.S. firms to absorb foreign technologies) are likely to be
shorter in the future (see Chapter 3).

Technology and the Characteristics of Tomorrow's Jobs

•   New technologies by Themselves are not Likely to change the Level of
job-related skills required for the labor force as a whole. We do not
project a uniform upgrading or downgrading of job skill requirements
in the
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U.S. economy as a result of technological change. This does not deny
the need, however, for continued investment and improvement in the
job-related skills of the U.S. work force to support the rapid adoption
of new technologies that will contribute to U.S. competitiveness (see
Chapter 4).

•   Technological change will not limit employment opportunities for
individuals entering the labor force with strong basic skills. The most
reliable projections of future job growth suggest that the number of
jobs in the broad occupational categories accounting for the majority
of entrant employment will continue to expand. Combined with a
projected lower rate of growth in the entrant pool, this conclusion
suggests that labor force entrants with strong basic skills (numerical
reasoning, problem solving, literacy, and written communication) will
fare well in the job markets of the future (see Chapter 5).

Technology and Work Force Adjustment

•   A substantial portion—from 20 to 30 percent—of displaced workers
lack basic skills. These workers often remain unemployed longer and
have difficulty finding new jobs without incurring significant wage
reductions. In view of the fact that technological and structural change
in this economy will place increasing demands on the ability of
workers to adjust, experienced workers who lack basic skills will face
even greater difficulties in future job markets (see Chapter 3).

•   The evidence suggests that displaced workers who receive substantial
advance notice of permanent job loss experience shorter periods of
unemployment than workers who do not receive such notice.
Substantial advance notice (several months) of permanent layoffs or
plant shutdowns appears to reduce the severity of worker
displacement. Moreover, such a policy can improve the effectiveness
of job search assistance, counseling, and retraining programs, thereby
reducing the public costs of unemployment (see Chapter 7).

•   The primary federal program for displaced workers, Title III of the Job
Training Partnership Act (JTPA), emphasizes the rapid placement of
workers in new jobs. It does not appear to serve the needs of many
displaced workers. JTPA provides little training for the substantial
number of displaced workers who need better basic skills; it also
provides little extended training in job-related skills for other workers
(see Chapter 7).

•   Displaced worker adjustment assistance programs reduce the duration
of unemployment after displacement and result in higher wages in new
jobs obtained immediately after participation in such programs. There
is limited evidence on the specific contribution of retraining in basic
and job-related skills (a component of many such programs) to the
employment and earnings prospects of displaced workers. Nevertheless,
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it would be wrong to conclude from this that retraining is ineffective or
that it has a negative impact on earnings or reemployment prospects.
Too little is known about the components of effective adjustment
programs for displaced worker populations with different
characteristics because of the paucity of rigorous evaluations of such
programs. Additional policy experiments and evaluations are badly
needed to improve these programs (see Chapters 7 and 8).

POLICY OPTIONS AND RECOMMENDATIONS

Our policy options and recommendations are based on the conclusion that,
with an appropriate policy structure, technological change can support growth
in U.S. employment and living standards. Toward that end, we have developed
options and recommendations for the public and private sectors that emphasize
three broad initiatives in public and private sector policies: (1) public policies to
aid worker adjustment to technological change; (2) public policies to support
the development and application of advanced technologies; and (3)
improvements in labor-management cooperation in the adoption of new
technologies, as well as improvements in private managers' expertise in
evaluating and implementing new technologies.

Although the overall U.S. standard of living and average real (inflation-
adjusted) wages generally increase as a result of technological change,
individuals suffer losses. Many of our public policy recommendations stem
from the belief that a portion of the affluence created by technological change
should be used to assist those suffering losses as a result of it. In addition,
public policies that deal with the equitable distribution of gains and losses from
technological change can facilitate such change by reducing the resistance of
potential losers to new technologies in the workplace. Just as management
policies to support adoption of new technologies within the firm must address
worker concerns about adjustment and employment security (see Chapter 7 of
our full report), public policies that aid adjustment can reduce potential
resistance to new technologies and support their more rapid adoption. On
balance, if policies are developed that will ease the burden of adjustment for
those individuals faced with job loss and thereby facilitate the adoption of new
technologies, all members of our society can benefit.

Recommendations for the Public Sector

Policies for Worker Adjustment

Our options and recommendations for assisting worker adjustment to
technological change focus on the two groups that may be affected
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adversely by such change: experienced workers who may lose their jobs as a
result of the adoption of technology, and labor force entrants, whose
employment prospects may be reduced by technological change. Our options
and recommendations to assist experienced displaced workers focus primarily
on modifications in the primary federal program for which technologically
displaced workers, as well as workers displaced by other causes, are eligible,
Title III of JTPA. We also suggest other policies (advance notification of plant
shutdowns and large-scale layoffs) to enhance the effectiveness of Title III. Our
recommendations to aid labor force entrants focus on the need for additional
research and actions based on the reports of other expert groups, a decision that
reflects the fact that a complete evaluation of policies affecting the educational
attainment and basic skills preparation of entrants is beyond the scope of this
report. Our public policy recommendations also address the impacts of
technological change on the employment prospects for minority and female
members of the labor force.
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Options for Adjustment Assistance for Displaced Workers

We recommend that action be taken to improve existing JTPA Title III
programs of job search and placement assistance and training in both basic
and job-related skills for displaced workers. We recommend that some or all of
the following options be implemented:

•   broadening the range of employment services provided to displaced
workers and those facing imminent displacement, including job
counseling, skills diagnosis, job search assistance, and placement
services;

•   increasing the share of Title III funds devoted to training in basic and
job-related skills;

•   broadening income support for displaced workers engaged in training;
•   instituting a program of federally provided direct loans or loan

guarantees, administered by state or local authorities, to workers
displaced by technological change, plant shutdowns, or large-scale
layoffs (these loans could be used by displaced workers to finance
retraining or relocation or to establish new businesses); and

•   establishing a program for demonstrations and experiments with
rigorous evaluation requirements to test and compare specific
program designs.

In addition to these modifications to JTPA, we recommend revising state
unemployment compensation laws to guarantee explicitly that displaced
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workers who are eligible for unemployment compensation can continue to
receive benefits while undertaking retraining.

We have concluded that the federal government should be the primary
source of funding for the abovementioned policy options. Federal financing is
preferable to state funding because of the inequities created by differences in
the level of state resources for such programs. Indeed, states that are
experiencing severe economic dislocations are likely to face serious problems in
funding significant displaced worker programs. In view of the fact that one of
the central motives for worker adjustment programs is the equitable distribution
of the costs and benefits of new technology adoption among the U.S.
population, the avoidance of regional inequities is an important consideration.
One option for financing the economic adjustment loans, like the arrangements
for other federal loan programs, would employ the Federal Financing Bank and
therefore would not require federal funds from general revenues.

Estimates of the costs of these adjustment assistance options for displaced
workers depend on estimates of the population of displaced workers. In
Chapter 3, we note that estimates of the number of workers displaced annually
range from 1 million, if displaced workers are defined as individuals with 3
years' employment in their jobs prior to layoff, to 2.3 million. Cost estimates
also depend on assumptions about the rates of worker participation in such
programs, an area in which reliable data are scarce. Existing programs that
combine income support with retraining for displaced workers, such as the
UAW-Ford program, have enrolled 10-15 percent of the eligible population (see
Chapter 7). Although we lack conclusive evidence on this point, it may be that
participation rates would be higher in programs involving displaced workers
from industries that pay lower wages than the automotive industry.1

We have compiled estimates of the costs to the federal government of job
search assistance, training, and extended unemployment compensation for two
values of the annual flow of displaced workers (the two values are drawn from
the 1984 survey of displaced workers conducted by the U.S. Bureau of Labor
Statistics): 1 million workers, which is the estimated number of displaced
workers who had been employed for 3 or more years in the job from which they
were displaced; and 2.3 million, which is the estimated total number of workers
suffering permanent job loss. As estimated rates of participation in these
programs range from 5 to 30 percent of the displaced worker population, the
estimated costs of these policy options range from $131 million (5 percent
participation rate)

1 Participation rates also will be affected by the policies and guidelines adopted by
states in administering any system of training, job search assistance, and income support.
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to $786 million (30 percent) for an annual flow of 1 million displaced workers.
It is important to note that the highest estimated participation rate exceeds any
observed thus far in a displaced worker training program in the United States. If
we assume that the flow of eligible displaced workers is 2.3 million annually,
the estimated costs of the program range from $301 million (5 percent
participation rate) to about $1.8 billion (30 percent).2 JTPA Title III outlays for
fiscal year 1987 are roughly $200 million, although a significant expansion has
been proposed in the President's budget for fiscal year 1988.

How could these policy options be financed? The panel discussed revenue
alternatives and found no single method that was preferable to all others on
equity and other grounds. In the absence of evidence suggesting that one
alternative is superior to all others, the decision on funding sources and
budgetary reallocations is properly political, involving considerations that
extend well beyond this panel's charge.

2 If the annual flow of displaced workers is estimated to amount to 1.2 million workers
(the estimate used by the Secretary of Labor's Task Force on Economic Change and
Dislocation, 1986), the estimated costs of these options range from $157 million to $943
million.

3 Panel member Anne O. Krueger dissents from this recommendation. Her statement
appears in Appendix D.
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Advance Notice of Plant Closures and Large Permanent Layoffs3

We have concluded that substantial (a minimum of 2-3 months) advance
notice of permanent plant shutdowns and large permanent layoffs offers
significant benefits to the workers who are displaced and to the nation by
reducing the average duration of the workers' unemployment and lessening the
public costs of such unemployment. The current system of voluntary advance
notice, however, fails to provide sufficient advance notice to many U.S.
workers. We therefore recommend that federal action be taken to ensure that
substantial advance notice is provided to all workers. Although the panel
agreed on the need for federal action to broaden the coverage of advance
notice within the U.S. work force, panel members were not unanimous in their
support of a specific legislative or administrative mechanism to achieve this
goal. The panel believes that the following alternatives are viable options to
achieve broader advance notice, with appropriate provisions to reduce the
burden on small business and provide for unforeseen circumstances:

•   federal action to require employers to provide substantial advance
notice of permanent plant shutdowns and large permanent layoffs; or
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•   federal action to provide tax incentives for employers to give such notice.

The current system of voluntary advance notice does not provide workers
with the ''best-practice'' amount of advance notice (a minimum of 2-3 months)—
as Chapter 7 notes, too few workers are notified in advance of permanent plant
closures or large permanent layoffs, thus hampering their adjustment. When
workers receive sufficient advance notice, the evidence suggests that they adjust
more rapidly and more successfully to job loss, which reduces the costs of
displacement to them and to the public sector. We believe that the benefits of
advance notice more than outweigh the costs of such a policy—costs that exist,
but that are distributed differently, when no advance notice is provided. When
advance notice is given, the costs of worker displacement are shared by
taxpayers, by the displaced workers, and by the firms closing plants or
permanently discharging workers, rather than being borne primarily by
taxpayers and the workers being laid off.

Through its public policies, this society has made a judgment that the costs
of many regulations (e.g., those covering health and safety, consumer
protection, or securities markets) that enhance the flow of information to
workers and consumers and distribute costs more equitably among workers,
consumers, and firms are more than offset by the benefits of such policies. We
believe that advance notice falls into the same category of public policy and that
steps to mandate this practice should be taken by the federal government.

Training for Labor Market Entrants

We share the concerns of other studies, set forth in the reports of the
COSEPUP Panel on Secondary School Education for the Changing Workplace
("High Schools and the Changing Workplace: The Employers' View," 1984), the
Task Force on Teaching as a Profession, of the Carnegie Forum on Education
and the Economy ("A Nation Prepared: Teachers for the 21st Century," 1986),
and the U.S. Department of Education ("A Nation at Risk: The Imperative for
Educational Reform," 1983), regarding the amount and quality of basic skills
preparation provided to labor force entrants by U.S. public schools.
Improvement in the basic literacy, problem-solving, numerical reasoning, and
written communication skills of labor force entrants is essential. We endorse
additional public support for research on strategies to achieve this goal, as well
as financial support for the implementation of programs that improve the basic
skills of labor force entrants and of those already in the labor force who lack
these skills.
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Equal Employment Opportunity

We recommend more vigorous enforcement of policies to combat racial
and sexual discrimination in the labor market as a means of improving the
ability of minority and female workers, as well as minority and female labor
force entrants, to adjust to the demands of technological change.

Science and Technology Policy to Support the Adoption of New Technologies

We support continued high levels of investment by industry and the federal
government in basic and applied research—this is the essential "seed corn" of
innovation, and such investments play a significant role in the education of
scientists and engineers. Federal support for nondefense R&D is particularly
important, in view of the limited commercial payoffs from the high historical
levels of defense R&D in this country (there are important but limited
exceptions to this generalization, as noted in Chapter 2). The foreseeable
contribution of defense R&D to the civilian U.S. technology base appears to be
limited at best.

In addition to a strong research base, however, public policies to support
more rapid adoption of new technologies within this economy deserve
consideration. The historic focus of post-World War II science and technology
policy on the generation rather than the adoption of new civilian technologies
(once again, a generalization with several important exceptions) contrasts with
the orientation of public science and technology policy in several other
industrial nations (e.g., Japan, Sweden, and West Germany) and may have
contributed to more rapid adoption of manufacturing process innovations and
more rapid commercialization of new product technologies in those nations. We
therefore support the development and evaluation of additional public policies
to encourage the more rapid adoption of new technologies within the United
States.

We recommend increased federal support for activities and research to
encourage more rapid adoption of new technologies. Although the achievement
of this goal requires actions in a number of areas not considered by this panel,
our review of policies leads us to recommend the following options for
consideration:

•   Strengthen research on technical standards by public agencies
(primarily the National Bureau of Standards) to support, where
appropriate, private standard-setting efforts.

•   Strengthen research programs supporting cooperative research be

EXECUTIVE SUMMARY 12

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Technology and Employment: Innovation and Growth in the U.S. Economy
http://www.nap.edu/catalog/1004.html

http://www.nap.edu/catalog/1004.html


tween industry and the federal government in the development and
application of technologies.

•   Increase support for federal programs to improve U.S. firms' access to
foreign science and engineering developments and innovations.

The Adequacy of the Data

In the course of this study, the panel has found that the data available from
public sources are barely sufficient to analyze the impacts of technology on
employment. In some cases this data problem reflects the rapid expansion of
new sectors of the economy, such as services, for which federal agencies have
been hard-pressed to monitor and collect data comparable in quality and
quantity to those available for manufacturing. In other cases these data have
declined in quality during the past decade as a result of reductions in data
collection budgets. The amount and quality of data on evaluations of worker
adjustment assistance programs also must be improved.

•   We recommend that post-fiscal year 1980 reductions in key federal
data collection and analysis budgets be reversed and that (at a
minimum) these budgets be stabilized in real terms for the next decade
in recognition of the important "infrastructural" role data bases play
within research and policymaking. We urge that a portion of these
budgets be devoted to improvements in the collection and analysis of
employment, productivity, and output data on the nonmanufacturing
sector of this economy.

•   We recommend that a new panel study or a supplement and follow-up
to the Current Population Survey be undertaken by the Bureau of
Labor Statistics to examine the effects of technological change on the
skill requirements, employment, and working conditions of individuals
of working age. We also support the development by the Census
Bureau of better data on technology adoption by firms.

•   We recommend that the Bureau of Labor Statistics expand its survey of
displaced workers (the special supplement to the Current Population
Survey) to allow annual data collection and that this survey improve
its question on the nature and effect of advance notice of layoffs.

•   We recommend that any expansion of adjustment assistance services
for displaced workers be accompanied by rigorous evaluations of
these programs to provide information on the long-term effectiveness
of different program designs and strategies.

To reduce the potential for conflicts of interest that may arise when
an organization charged with operating adjustment assistance
programs has sole responsibility for the design and administration of
evaluations of these programs, we recommend that federal or state
agencies responsible
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for the operation of such programs share with other agencies the
responsibility for evaluating them, or conduct such evaluations with
the advice of independent expert panels.

•   We recommend that evaluations be undertaken of the implementation
of the provisions of the Perkins Vocational Education Act of 1984 that
allow federal and state funds to be used for improving the skills of the
employed work force. In addition, a federally sponsored evaluation of
a sample of state-level programs in upgrade training should be
undertaken to determine the overall effectiveness of such programs
and the specific design features that contribute to success.

Health and Safety Impacts of Technological Change

We recommend a major interdisciplinary study of the consequences of
technological change for workplace health and safety and the regulatory
structure designed to ensure that worker health and safety are protected. These
areas also should be monitored carefully by federal and state agencies.

Recommendations for the Private Sector

Labor-Management Collaboration in Technology Adoption

Rates of adoption of new technologies, as well as the exploitation of
computer-based manufacturing and office automation technologies to increase
worker productivity, satisfaction, and safety, are affected significantly by the
management of the adoption process. If the process proceeds smoothly, both
workers and management can benefit from these technologies, which have the
potential to enrich work as well as to enhance its efficiency. The potential
payoffs from cooperation between labor and management in technology
adoption are high, but such cooperation has been lacking in some U.S.
industries. Our recommendations in this area highlight some key components of
successful adoption strategies.

Elements of "Best-Practice" Strategies for Technology Adoption

•   We recommend that management give advance notice of and consult
with workers about job redesign and technological change.
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•   We recommend that the adoption of new workplace technologies be
accompanied by employment policies that strengthen employment
security; such policies include retraining of affected workers for other
jobs and a reliance on attrition rather than on permanent layoffs
wherever possible. At the same time, workers and unions must
recognize their stake in a more productive workplace and consider
modifications of work rules and job classifications in exchange for
such employment security policies.

Protection from the Costs of Displacement

We recommend that management and labor explore the use of severance
payments for permanent layoffs of experienced workers. To preserve such
benefits in the event of a firm's bankruptcy, we also recommend that employers
and workers consider establishing a joint insurance fund.

Education for Managers

We recommend that the current efforts to strengthen the quality of
managerial education in the management, adoption, and evaluation of
advanced manufacturing and service production processes be continued, both
within business schools and through other institutions. Additional research on
this topic is needed and could be funded through university industry research
collaboration, among other possibilities. Education for those currently
employed as managers also must be strengthened to incorporate instruction in
the adoption of new technologies and in strategies for helping the work force
adjust to technological change.
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1

Introduction

TECHNOLOGY AND AMERICAN ECONOMIC WELFARE

Technological change transforms the production of goods and services and
improves the efficiency of production processes. It also allows the production of
entirely new goods and services. Since the beginnings of American
industrialization, such change has been a central component of U.S. economic
growth, growth characterized by the creation of new industries and the
transformation of older ones through innovations in products and processes.
One of the results of these innovations has been increased productivity—that is,
greater output per unit of input—which has been largely responsible for growth
in U.S. income per person during most of this century. Such growth in turn has
contributed to higher living standards for Americans and shorter workweeks
(Abramovitz, 1956; Denison, 1962; Solow, 1957). The contribution made by
technological advances to growth in income per person has increased during the
past 100 years (Abramovitz and David, 1973; Temin, 1975); that contribution,
as well as the contribution of new technology to overall U.S. economic
advance, is likely to increase still further as the United States becomes more
closely linked to the global economy.

Technological change in production processes frequently reduces the
amount of labor and other resources needed to produce a unit of output; these
reductions lower both the costs of production and the labor requirements for a
fixed output level. If a reduced demand for labor were the only effect of
technological change on employment, policymakers
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addressing the problem of maintaining U.S. economic welfare would simply
have to balance the contributions of technological change against the costs of
higher unemployment.

Yet technological change has other important effects that historically have
enabled society to achieve greater prosperity without sacrificing employment.
By reducing the costs of production and thereby lowering the price of a
particular good in a competitive market, technological change in production
processes frequently leads to increased demand for that good; greater output
demand results in increased production, which requires more labor, and offsets
the effects of reductions in the amount of labor required per unit of output. Even
if the demand for a good whose production process has been transformed does
not increase significantly when the price of the good is lowered, benefits still
accrue because consumers can use the savings from price reductions to
purchase other goods and services. In the aggregate, therefore, employment
often expands. Moreover, when technological change results in the
development and production of new products, employment grows in the
industries that serve the markets for these goods, as well as in the industries
supplying inputs to them. Historically and, we believe, for the foreseeable
future, any laborsaving impact of technological change on aggregate
employment has been and will continue to be outweighed by the beneficial
employment effects of the expansion in total output that generally occurs.

Total employment within an economy is determined by a great many
influences, of which technological change is only one—and far from the most
important. The level of total employment is influenced by the rate of economic
growth, operating in conjunction with growth in the labor supply; by the level
of real (inflation-adjusted) wages; by business cycle fluctuations; and by
occasional "shocks" to the economic system for—example, the massive oil
price increases of 1973 and 1979. We have defined our task as that of analyzing
the contribution of technological change to employment and unemployment.
Because technological change plays such a limited role in determining total
employment, its employment impacts in this area are primarily sectoral, and
those impacts are affected only indirectly by aggregate economic conditions.
We therefore regard the design of macroeconomic policies aimed at achieving
high levels of aggregate demand and employment as outside the panel's charge.

In recent years, international trade has become an important force within
the U.S. economy. Consequently, international trade flows interact with
technological change to affect U.S. employment. Some of the implications of
this interaction for economic policy and employment in the U.S. economy are
discussed later in this report (see Chapters 2 and 3). A detailed analysis of
international trade issues and recommendations for international trade policy,
however, would have drawn us far from our
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primary focus—the impact of technological change on employment. We
therefore devote little attention to international trade policies.

Much of our analysis focuses on the employment effects of technological
change in particular industries or sectors. As technological change and other
factors alter the structure of the economy, unemployment can and will result in
some areas, while expanding employment opportunities appear elsewhere. Our
analysis and policy prescriptions highlight ways of facilitating the movement of
workers from sectors or occupations in which labor demand is declining to
areas in which it is growing.

Our principal finding may be succinctly stated:

Technological change is an essential component of a dynamic, expanding
economy. The modern U.S. economic system, in which international trade
plays an increasingly important role, must generate and adopt advanced
technologies rapidly in both the manufacturing and nonmanufacturing sectors
if growth in employment and wages is to be maintained. Recent and
prospective levels of technological change will not produce significant
increases in total unemployment, although individuals will face painful and
costly adjustments. Rather than producing mass unemployment, technological
change will make its maximum contribution to higher living standards, wages,
and employment levels if appropriate public and private policies are adopted
to support the adjustment to new technologies.

Technological change often involves difficult adjustments for firms and
individuals. Workers must develop new skills and may be required to seek
employment in different industries, occupations, or locations. In many cases,
workers suffer severe financial losses as a result of permanent layoffs or plant
closings. Managers also face serious challenges in evaluating and adopting new
manufacturing and office technologies in an increasingly competitive global
economy.

In light of these realities, we recommend policies to help workers and
firms adjust to technological change. Our recommendations propose new
initiatives to aid displaced workers through job search assistance, basic skills
training, retraining, and advance notice of plant shutdowns and large-scale
permanent layoffs. These initiatives focus on the need for society as a whole,
which benefits from technological change, to assist individuals who experience
hardship as a result of it and to help them secure new jobs. We also discuss
strategies to help firms adopt new technologies more rapidly.

The alternative to rapid rates of technological change is stagnation in
productivity growth and real wages. In foreign economies, technological change
will be rapid for the foreseeable future; if the United States is to remain an
industrial power capable of generating high-wage employment,
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such change is indispensable (although other factors, e.g., capital formation,
also affect the international competitiveness of U.S. industry). In the end, the
goals of increased high-wage employment and rapid rates of technological
change are more than compatible; achieving the first goal depends on
accomplishing the second.

Technological change poses significant challenges to government
policymakers, business, and labor, as well as to individual workers and
managers. Although the United States remains a technological and economic
leader, the performance of this economy in adopting new technologies,
achieving higher levels of productivity, and dealing with the adjustment of
workers to technological change leaves much to be desired. The costs of
continued suboptimal performance in these areas are not inconsequential: if
business, labor, and government fail to develop appropriate adjustment policies,
the technological dynamism and international competitiveness of the U.S.
economy will decline.

WHOSE JOBS ARE AFFECTED BY TECHNOLOGICAL
CHANGE?

Total employment depends on the supply of and demand for labor. The
labor supply is determined by demographic factors, which affect the number of
entrants to the labor force each year, and by changes in the proportion of
different population groups seeking employment (labor force participation
rates). The demand for labor depends primarily on the rate of growth in total
output and real wages, both of which can be affected by cyclical fluctuations,
and on numerous other factors.

Although technological change is of secondary importance in determining
total employment, it does affect one component of aggregate unemployment.
"Structural" unemployment is unemployment of long duration that persists in
the face of economic expansions. It stems from the dynamism of the economic
system in which jobs are created and eliminated constantly, regardless of the
state of aggregate or total demand (Leonard, 1986). Although the duration of
either unemployment after job loss or job search after entry into the labor force
is relatively short for most workers, others have great difficulty finding new
jobs and thus may be unemployed for much longer periods.

Our discussion of technological change and employment focuses on the
effects of new technology on the employment of experienced workers and on
job openings for those entering the labor force. For example, technological
change may contribute to unemployment among experienced workers because
the jobs created by new technology are located far away from the areas with
significant job losses; in addition, the new jobs that result from technological
change may require skills that make them
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difficult for displaced workers to fill. The evidence suggests that the
adoption of new technologies by U.S. firms is a relatively modest contributor to
permanent job loss in this economy, although precise distinctions among the
causes of displacement are virtually impossible to make. There is, however,
some reason to believe that technological change may play a role in other
causes of experienced worker displacement. As we discuss later (see Chapters 2
and 3), much of the displacement of U.S. workers resulting from import
competition reflects more rapid technological progress in other nations.

Programs such as job search assistance and counseling, as well as
retraining, are designed to help experienced displaced workers adjust to
technological change and are potential means of reducing structural
unemployment. Because there have been few evaluations of such programs,
however, there is little guidance for successful program planning and design.
New initiatives in this area must incorporate substantial resources for
experimentation and evaluation, as discussed in Chapters 7 and 8.

As for labor force entrants (discussed in Chapters 3 and 5), our review of
the evidence suggests that a strong foundation in basic skills will be
indispensable to finding good jobs in the workplace of the future (see also the
report of the COSEPUP Panel on Secondary School Education for the Changing
Workplace, 1984). Job openings for well-prepared entrants to the labor force
should remain sufficient to absorb the projected smaller population of entrants
in the future.

TECHNOLOGICAL CHANGE AND EMPLOYMENT IN AN
"OPEN" ECONOMY

The U.S. economy of the 1980s is more "open" to international trade than
the U.S. economy of the 1950s and 1960s; imports and exports affect a larger
share of economic activity and employment. In such an environment,
productivity growth, which is influenced by technological change, is essential to
maintaining higher real earnings and preserving U.S. jobs. Our discussion of the
employment impacts of technological change is influenced by our recognition
that within an open economy, growth in output and employment depends on
productivity growth.

How does technological change support growth in productivity,
employment, and output within an economy that is open to international trade?
The answer lies in the interdependence of these factors, a key concept in
explaining the analysis in this report. The process of technological change,
which is discussed in greater detail in Chapter 2, involves exploiting scientific
and technical knowledge in the invention and innovation stages. Within the
modern economic environment, the knowledge
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that is the basis for commercial innovations need not be domestic in origin. U.S.
firms have relied on discoveries made elsewhere in the world in developing new
technologies, and U.S. basic research may underpin (and has underpinned) the
technological advances of firms in other nations.

The relative rates of development and adoption by U.S. and foreign
industries of new process technologies affect the rates of growth in labor
productivity in those industries and therefore can produce differences in labor
costs among U.S. and foreign firms. To the extent that foreign firms develop
and adopt new technologies more quickly than U.S. firms, the production costs
of foreign producers will fall more rapidly. In the absence of other adjustments,
these reductions in the production costs of foreign producers will decrease
markets for U.S. firms and ultimately reduce jobs for U.S. workers within the
affected industries.

To remain competitive in the absence of technological advance and
productivity growth in these industries, U.S. labor costs must be lowered
relative to those of foreign producers. This can occur through direct reductions
in wages or through reductions in the foreign exchange price of the U.S. dollar.
Both of these alternatives shrink U.S. workers' incomes, relative to those of
workers in other nations, and thereby contribute to stagnation in U.S. living
standards. Thus, if U.S. firms fall behind foreign firms in rates of development
and adoption of new technologies, the alternatives are not attractive—U.S.
workers must accept fewer jobs or lower earnings.

Yet, if U.S. firms can consistently develop and adopt new technologies
more rapidly than foreign producers, the picture is quite different. The resultant
higher productivity growth in U.S. industries will support lower production
costs, which will enable U.S. workers to retain higher-wage jobs. Within the
modern world economy, however, new knowledge and technologies developed
within the United States are transferred to foreign competitors more quickly
than they were in the past. Therefore, any technology-based advantages held by
U.S. firms and workers over foreign firms and workers are likely to be more
fleeting in the future. One key factor in sustaining American living standards,
wages, and employment is continued public and private investment in the
generation of new knowledge. U.S. firms also must advance from fundamental
knowledge to commercial innovations more rapidly than in the past.

The open character of the U.S. economy of the 1980s and 1990s means
that the link between productivity and output growth will play a central role in
determining wages and employment in U.S. manufacturing (and eventually in
portions of the U.S. services sector, as this sector becomes increasingly
involved in international trade). The changing nature of
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international competition has enhanced the importance of higher levels of skills
within the employed work force. More highly skilled workers can adopt new
technologies more quickly and adapt more easily to changing markets and
competitive conditions. We see improvements in the skills of the employed
work force as a major factor in preserving and strengthening high-skill, high-
wage employment in the U.S. economy.

ORGANIZATION OF THE REPORT

Our report contains nine additional chapters. Chapter 2 describes the
process of technological change, devoting particular attention to the adoption of
new technologies and to the special problems of small firms in managing
technological change and adoption. Chapter 3 discusses how technology, labor
supply, and labor demand affect the impact of technological change on
employment in an open economy. Chapter 4 considers the impact of
technological change on employment and wages, focusing on empirical studies
of the sectoral employment effects of such change, and also discusses the
impact of new technologies on job skill requirements. The employment and
economic status of entrants to the labor force and the employment prospects of
women and minorities are discussed in Chapter 5.

Chapter 6 examines the impacts of technology on the workplace, exploring
the effects of technological change on the structure of the firm, the role of labor-
management relations in managing these changes in the workplace and the
challenges and opportunities in occupational health and safety that result from
technological innovations. Chapter 7 discusses public and private policies that
affect the adjustment of the economy and the labor force to technological
change. Chapter 8 proposes several strategies for further research on
technology, employment, and worker adjustment assistance programs and
stresses the need to collect data on the diffusion of innovations and their effects
on workers and the workplace. Chapter 9 contains the panel's findings, and
Chapter 10 presents our policy recommendations.

The panel did not reach definitive conclusions or findings in some areas of
its charge. Because of a lack of data, for example, as well as our conclusion that
technological change will have only a limited effect on regional growth in the
future, we did not analyze in detail the regional economic impacts of
technological change. Analysis of the effects of technology on the length of the
working day was not pursued for similar reasons. The absence of a panel
finding or policy recommendation should not be taken as evidence that the issue
in question is unimportant or that it does not require further research and
monitoring. In those cases in which an important issue could not be addressed—
for whatever
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reasons—we have noted the need for additional work. In other areas—for
example, the evaluation of the effectiveness of retraining for displaced workers—
there is insufficient quantitative evidence for a factual finding. In these
instances, we have provided a statement of our collective judgment based on the
expertise of our panel members and on the research and analysis carried out by
panel members, staff, and authors of commissioned papers during the past 18
months.
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2

The Sources and Rate of Technological
Change in the U.S. Economy

Technological change is often difficult to predict, and its employment and
productivity consequences usually are felt gradually rather than suddenly.
Although the pace of technological change affects employment and productivity
growth, the impact of new technologies also is affected heavily by
organizational, institutional, and social factors. A central reason for the
complex, gradual character of the employment, productivity, and other
economic effects of such change is that these impacts are felt only through the
adoption of new technologies by individuals and firms. In light of this fact, we
devote considerable attention in this chapter to the process of adopting new
technologies.

DEFINING TECHNOLOGICAL CHANGE

Technological change has two major effects: (1) it transforms the
processes by which inputs (including labor and materials) are converted into
goods and services, and (2) it enables the production of entirely new goods and
services. Process innovation is technological change that improves the
efficiency with which inputs are transformed into outputs; product innovation
results in the production of new goods. The distinction between process and
product innovation often is hazy. New products, such as the transistor,
frequently require significant process innovations before they can be produced
economically. Conversely, the potential cost reductions offered by many new
manufacturing processes may be realized only after the products to which they
are
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applied have been redesigned. In addition, an innovative product developed by
one firm—for example, computer numerically controlled machine tools—may
be transformed into a process innovation when it is adopted by another firm.

Product innovations may serve entirely new markets; consequently, their
effects are notoriously unpredictable. (Chapter 4 explores the uncertainty
surrounding predictions of the employment consequences of process
innovations.) Repeatedly, technological forecasts have failed to foresee the size
and nature of the markets for new products. Computers are a classic example.
Howard Aiken, one of the developers of the electronic computer in the 1940s,
was skeptical about the plans of J. Presper Eckert and John Mauchly to launch
commercial computer production; Aiken predicted that the total U.S. market
would be no more than four or five machines. Internal IBM studies conducted
prior to the firm's decision to begin computer production were equally
pessimistic; according to the studies, the market for the ''tape processing
machine'' would amount to roughly 25 units (Ceruzzi, 1986). The record of
technological advance contains many such examples (Rosenberg, 1983).

Invention, Innovation, and Diffusion

The history of scientific discoveries like penicillin or x rays contributes to
a popular perception that technological change is a process of dramatic
breakthroughs. In fact, it might better be described as incremental and
consisting of several stages, extending well beyond the moment of scientific
discovery. The invention stage includes the discovery of a scientific or
technological advance and its translation into a prototype—for example, a
working model. Invention, which subsumes basic research, must be
distinguished from innovation, which includes the processes of advanced
development (e.g., "scaling up" a pilot plant for commercial-volume
production). In the case of the transistor, an important product innovation that
has been fundamental to modern technological advance, invention spanned the
period from the late 1930s, when Bell Telephone Laboratories inaugurated its
program of basic research in solid-state physics, through 1947, when the first
model of a point-contact transistor was produced by Bardeen, Brattain, and
Schockley (see Braun and MacDonald, 1978; Mowery, 1983; Nelson, 1962;
Tilton, 1971). The innovation stage that saw the translation of this crude
invention into a commercially marketable product occurred during 1947-1954.
This stage included significant advances in the theory of semiconductors and in
materials refining and processing. Advances in both the theory of materials and
in production techniques for making pure silicon crystals
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contributed to the introduction by Texas Instruments of the silicon junction
transistor in 1954.

The diffusion of an innovation (discussed in detail later in this chapter)
refers to the period of its adoption by users. Once again using transistors as an
example, the diffusion that began once the product was introduced
commercially in 1954 has continued to the present day; moreover, during this
period, transistors have undergone considerable modification in design and
production. Chaudhari (1986) described the dramatic advances since 1960 in
the miniaturization of transistor components, focusing on the shrinkage in the
width of "lines" that connect the transistor to other electronic components: "A
typical line width in 1960 was 30 micrometers. . . . Today line widths are
commonly on the order of one micrometer. . ." (p. 137). Among other
significant advances during the diffusion stage was the development of the
planar process for manufacturing integrated circuits and other solid-state
components.

Each of these stages—invention, innovation, and diffusion—consists of a
series of interacting phases; within the invention stage, for example, basic
research often is heavily influenced by applied research findings (see Kline and
Rosenberg, 1986; Rosenberg, 1983). Moreover, the invention, innovation, and
diffusion processes themselves are linked in a complex fashion, which can be
seen in the extensive modifications that are often made to an innovation during
its diffusion. In the case of the transistor, the innovation stage of its
development required fundamental research, just as its application to new uses
during the diffusion stage has required investments in applications engineering
and fundamental research.

Influences on Invention, Innovation, and Diffusion

Despite the close links among them, the invention, innovation, and
diffusion stages of a technology appear to respond to different influences that
are not always easy to distinguish. In the case of invention, for example, the
factors affecting individual genius simply are not well understood. These stages
also may be carried out by different individuals or organizations. In many
instances, the inventor of a new product or process does not develop and market
it. The original inventors of the computer, for example, were not employees of
the firm that proved most successful at developing, improving, and marketing
the device. Another case is that of DuPont. Many of the most significant
innovations commercialized by DuPont prior to the invention of nylon during
the 1920s and 1930s were based on patents purchased from other firms and
individuals, rather than on the inventions of its employees.
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Compared with invention, innovation is a far more costly stage of
technological change.1 It is likely therefore to be affected by such economic
factors as the investment climate, rates of capital formation, or expectations of
the location and size of future markets. The diffusion of innovations, which is
discussed later in this chapter, appears to be influenced by cost considerations,
uncertainty, and other factors unique to specific markets, such as regulations
that affect the structure of the market for an innovation. For example, the
regulation of pharmaceuticals and air transportation and the availability of third-
party payments for medical services have affected the speed and the extent of
new technology diffusion in those industries. Moreover, inasmuch as the
diffusion of new technology is the result of decisions to invest in machinery or
products that embody a technology, the rate of diffusion of innovations is
affected by factors that determine the rates of net investment within an
economy, including the domestic savings rate, the cost of capital, depreciation
practices, and price stability.

The Interaction of Technological and Organizational Change

Technological change creates new options for the performance of specific
functions. Yet the precise organization of these functions or the skill
requirements associated with them are seldom determined solely by the
characteristics of the technology. Organizational factors strongly influence the
implementation of new technologies and their effects on skill requirements,
quality of worklife, productivity, and profitability. Indeed, the potential
improvements offered by many innovations often can be realized only if there
are complementary organizational changes.

For example, redesigning products often allows more profitable use of
many new computer-based manufacturing technologies. After installing
equipment for computer-integrated production of lawn and garden tractors,
Deere and Company realized substantial savings by redesigning its products to
allow a single component design to be used in eight different tractors.2 Other
firms have redesigned their products for easier automated assembly; a recent
IBM desktop printer has been so simplified for automated assembly that it can
be manually assembled in minutes.

1 "Development" alone, which is the portion of innovation incorporating most of the
activities of production engineering and tooling, typically accounted for more than 65
percent of privately financed U.S. R&D investments annually during 1960-1985
(National Science Foundation, 1985, Appendix Tables 2-3 and 2-9).

2 Remarks by G. R. Sutherland of Deere and Company at a meeting of the Panel on
Technology and Employment, April 25, 1986.
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(Lehnerd, 1987, discusses similar changes in the design of Black and Decker
power tools.)

Such integration of production engineering and product design often
demands extensive organizational change. The National Research Council's
Committee on the Effective Implementation of Advanced Manufacturing
Technology (1986) noted in its report that computer-integrated manufacturing
(CIM) requires that "[d]ecisions once made by people in functions that were
relatively independent must now be made jointly. Efforts to design the product
and process simultaneously, for example, require product engineering and
manufacturing engineering to work closely together" (p. 29). Although CIM has
not yet been widely adopted in U.S. manufacturing, its requirements for
organizational adaptation are by no means unique. A number of other computer-
aided manufacturing technologies impose similar organizational demands.

In many cases, once a new technology has been adopted, the resulting
improvements in the quality of a firm's manufactures and its productivity come
as much from the reorganization of production and other activities required by
the adoption as they do from the technologies themselves. For example,
management personnel interviewed by panel members and staff in the course of
this study argued that the organizational changes necessary to adopt computer-
aided manufacturing processes yielded savings as great as those realized from
this new production technology itself (the IBM printer described previously is
one example). In most cases, these organizational changes were necessary to
introduce computer-aided technologies. The converse was not true, however—
the reorganization of design, engineering, and production processes did not
require new technologies.

The value and importance of attention to the organizational dimensions of
technological change, then, cannot be overstated. Indeed, without such
attention, the potential profitability or product quality benefits of new
technology may not be realized. Prior to the extensive use of advanced
computer-aided or computer-integrated manufacturing technologies, Japanese
automotive firms, for example, achieved great advances in productivity and
product quality mainly through organizational techniques. The best-known of
these successes, the Toyota production system, was developed during the 1960s
and 1970s, prior to the development of CIM and robotics; it used production
technologies that did not differ significantly from those of U.S. automobile
manufacturers at the time (Abegglen and Stalk, 1986).

Within the U.S. automotive industry, General Motors (GM) offers
dramatic plant-level contrasts in productivity and product quality that illustrate
the importance of organizational factors in realizing the potential of new
technology. In Fremont, California, the joint venture between GM
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and Toyota (known as New United Motor Manufacturing, Inc.—NUMMI) uses
modest levels of factory automation that are embedded in the Toyota production
system manned by a unionized work force; thus far, NUMMI has been
extraordinarily successful in meeting production and quality targets. By
contrast, GM's factory in Hamtramck, Michigan, which uses advanced factory
automation technologies, operates at roughly 50 percent of its planned capacity
and has experienced serious quality problems (Nag, 1986; Womack, in press).

Qualitative and anecdotal evidence suggests that, in the past, U.S.
management and labor have been insufficiently attentive to the need to
reorganize design and work processes to support technological change.
Jaikumar (1986) presented data that illustrate this point in his analysis of 35
"flexible" manufacturing systems (i.e., systems that use computer-aided
machinery and "work cells" to produce a wide variety of products at low cost)
in the United States and 60 such installations in Japan. He concluded that:

Rather than narrowing the competitive gap with Japan, the technology of
automation is widening it further. . . .
With few exceptions, the flexible manufacturing systems installed in the
United States show an astonishing lack of flexibility. In many cases, they
perform worse than the conventional technology they replace. The technology
itself is not to blame; it is management that makes the difference. Compared
with Japanese systems, those in the U.S. plants produce an order-of-magnitude
less variety of parts. Furthermore, they cannot run untended for a whole shift,
are not integrated with the rest of their factories, and are less reliable. Even the
good ones form, at best, a small oasis in a desert of mediocrity. (p. 69)

U.S. managers and workers must understand that the "rules of the game" of
international competition and technology's role within that competition have
changed. Automation and firm and factory reorganization are means to the end
of higher-quality, lower-cost products. Achieving this goal requires attention to
production technology, product design, and work organization. Without such
attention, the payoffs from the adoption of new technologies will be realized
slowly or not at all.

Measuring Technological Change

If we could measure the rates of invention, innovation, and diffusion in the
U.S. economy, we could simplify greatly the analysis of technology's impact on
employment. Such measurements, however, are far from simple. The United
States and most other industrial nations do not collect systematic time series
data on the rates of diffusion of specific new technologies. As a result, there are
few reliable data or indices with which
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to measure such rates. Measuring the rates of invention or innovation also is
hampered by the fact that the outputs of these stages are extraordinarily difficult
to measure. Those indices that have been used—the number of patents,
publications, or expert tabulations of technologically and commercially
significant innovations—have serious shortcomings. For example, a widely
used gauge of inventive or innovative activity, R&D investment, measures only
inputs into invention and innovation, rather than outputs. Without output
measures, we cannot assess the efficiency with which investments in science
and technology are translated into inventions or innovations. A further
inadequacy of R&D investment as a measure is that it includes development
expenditures; such expenditures affect both invention and innovation, as well as
diffusion, and thus do not allow for separate measurement of these stages.

Other commonly used proxies for the rate of technological change include
increases in the joint productivity of capital and labor—that is, "total" or
"multifactor" productivity growth. Multifactor productivity growth measures
improvements in the efficiency with which inputs are translated into outputs
and thus should be responsive to changes in the rates of new technology
generation and adoption. As a gauge of technological change, however, this
index has several defects. Empirically, multifactor productivity growth is
derived as a residual—that is, after adjusting for contributions made to greater
output by increases in the quality and quantity of capital and labor. As a
residual, it is a measure of ignorance, an index of the contributions to output
growth of unmeasured influences rather than a direct measure of technological
change. In addition, like all productivity indexes, measures of multifactor
productivity are sensitive to fluctuations in the level of economic activity. To
reduce the influence of such fluctuations, multifactor productivity growth
typically is measured across business cycles. An alternative productivity
measure that does not account for improvements in the productivity of capital
inputs is labor productivity growth, measured as growth in output per hour.
During most of the postwar period, these two measures have exhibited similar
trends; since 1973 rates of growth in both labor and multifactor productivity
have been much lower than in the 1950s and 1960s (Gullickson and Harper,
1986).

Using productivity growth as an index of the rate of technological change
has other drawbacks. Many factors other than technology influence investment
and diffusion, the processes that underpin productivity advance. The low
savings rate in the United States, for example, may increase the cost of capital
to private firms, thus lowering net investment and impeding diffusion and
productivity growth. Furthermore, in measuring productivity change, it is often
difficult to adjust measures of physical output for changes in the quality of
products. Should a modern computer
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be treated as identical in quality to the machines of the mid-1950s? In theory,
quality adjustments should be made frequently, but the data requirements for
such a task are so great that until recently, the output data compiled by the
Bureau of Economic Analysis (BEA) of the U.S. Department of Commerce,
which historically have been used by the Bureau of Labor Statistics (BLS) for
productivity measurement, did not incorporate adjustments for improvements in
product quality. In 1985 BEA developed a computer price index that adjusted
computers for quality; the new index resulted in dramatic declines in the
estimated costs of such equipment after 1972, and it also will affect measured
productivity growth for this period (Cole et al., 1986; Slater, 1986). This is
merely one example of the complexity involved in analyzing and measuring the
relationship between technological change and productivity growth.

Much of the current concern over the effects of technological change on
employment is based on the belief that the rate of such change—whether it is
defined as innovation or diffusion—has increased in recent years. Although
specific technologies (e.g., office automation) may be experiencing more rapid
change or diffusion now than in the past, aggregate indicators suggest that there
has been no across-the-board increase in the rates of innovation or diffusion of
technologies. The rate of growth in the number of patents granted within the
United States (i.e., the number of inventions deemed novel and therefore
patentable by the U.S. Patent Office) was lower during the early 1980s than
during the late 1960s.3 The average annual rate of growth in patent grants was
3.7 percent during 1965-1970, -0.1 percent during 1970-1975, 0.1 percent
during 1975-1980, and 1 percent during 1980-1984 (National Science
Foundation, 1985, Table 4-8). In another study, Baily (1986) examined
technological change in several industries, including the research-intensive
chemicals industry, and concluded that innovation actually may have slowed in
these industries in the past decade, resulting in lower rates of productivity
growth.

Measures of diffusion rates are, if anything, even more difficult to obtain
than measures of the rates of invention or innovation. What work there has been
in this area lends support to the conclusion that diffusion rates are not
increasing. Mansfield (1966), for example, found little or no support for the
hypothesis that the rate of diffusion had increased during the post-World War II
period. The National Research Council's Panel on Technology and Women's
Employment (1986) also expressed skepticism about the claim that diffusion
rates of information technologies are likely to increase: "In the panel's
judgment, diffusion will not accelerate over

3 To avoid deceptive, short-run fluctuations as a result of changes in the length of time
required to process patent applications, patents were dated by the year in which they
were applied for rather than the year in which they were granted.
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the next ten years: deliberate rather than headlong speed seems likely" (p. 64).
As noted previously, measures of multifactor or labor productivity growth,
which incorporate the impacts of changes in rates of innovation and diffusion,
also have been lower since 1973. (See Chapter 3 for an extended discussion of
productivity.)

The rates of invention, innovation, and diffusion within the U.S. economy
thus do not appear to have increased during the past two decades. Nevertheless,
the widely perceived increases in the employment-displacing effects of
technological change on the U.S. economy, which have generated increased
concern over the employment impacts of technological change, may reflect
shifts in the geographic location of innovative activity.

For much of the 1950s and 1960s, the United States commanded a
considerable technological lead over European industrial nations and Japan.
Since then, the technological dominance of the United States has declined
somewhat (see "The Diffusion of Technology" later in this chapter). Foreign
governments and enterprises now are important sources of new technology as
well as leaders in its adoption (see the next section). As a result, there is an
increased likelihood that innovation and diffusion will occur either initially or
more rapidly in other countries, enhancing the competitiveness of foreign
producers. As the sources of new technologies and the location of their initial
application continue to broaden internationally, the displacement of U.S.
workers due to more rapid foreign technology adoption or innovation may
occur more frequently and more quickly—although there may be no change in
the underlying worldwide rate of innovation. Moreover, the pace at which
technologies are transferred within the international economy and thus become
available to foreign firms now appears to be more rapid than in previous
decades (Abramovitz, 1986; Baumol, 1986; Mansfield and Romeo, 1980;
Organisation for Economic Co-operation and Development, 1979). Indeed,
Baumol suggests that the increased speed of international technology transfer is
partly responsible for convergence in productivity growth rates among
industrialized nations.

SOURCES OF TECHNOLOGICAL CHANGE

Although individual inventors continue to play a role in the U.S.
innovation system, their importance as a source of new technology has declined
considerably over the course of this century (Schmookler, 1957). Broadly
speaking, there are now three main sources of U.S. technological change—that
is, three sources of financial support for the development and application of
new technologies within the U.S. economy: (1) industrially financed R&D; (2)
R&D financed by the federal government and performed in industry, university,
and government laboratories; and (3)
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foreign R&D, both privately and publicly funded. The relative importance of
these three sources has shifted over time and changed substantially during the
postwar period. Two significant changes since the 1960s include reductions in
the importance of federally financed defense R&D for commercial innovation
and an increase in the amount of foreign R&D.

Figure 2-1
Industry expenditures on R&D, 1960-1986.
Source: National Science Foundation (1985, 1986a).

Industrially Funded Research and Development in the
United States

A large share (30-50 percent during the postwar period) of the total U.S.
R&D investment is industrial research expenditures (National Science
Foundation, 1985). Figure 2-1 depicts trends (in 1982 dollars) during
1960-1986 in industrially funded R&D. After growing throughout the 1960s at
an annual rate of more than 6 percent, industrial R&D spending scarcely grew
at all during the early 1970s; after 1975 it began to climb again.4

4 The deflator (i.e., the index used to convert these figures into 1982 dollars, which is
the implicit gross national product deflator) used in Figure 2-1 may understate growth in
the costs of R&D somewhat (Mansfield, 1984). This means that some of the apparent
rebound in real R&D spending after 1974 may be illusory. In addition, as Cordes (1986)
notes, industrial R&D spending as a share of sales declined from 1970 to 1978; after
1978, growth resumed.
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Empirical research suggests that industrially funded R&D yields
significant improvements in productivity. Mansfield's (1972) summary of a
number of industry studies concluded that productivity growth was directly
related to the level of R&D investment. Griliches (1985) conducted a statistical
analysis of a large sample of firms, concluding that higher levels of privately
financed R&D were associated with higher rates of productivity growth.
Mansfield (1980b) found that the share of "long-term" or basic R&D within
privately financed R&D was associated positively with productivity growth
within both industries and firms. (See also Mansfield, 1980a, for a summary of
this research.) These and other studies suggest that the benefits of R&D
investment are realized only after a lag of 3-6 years (the lag is greater for basic
research investments), which reflects the length of time needed to embody R&D
results in innovations and market or adopt the innovations. Thus, the
detrimental effects of the slowdown in industrial R&D spending during the
early 1970s have been felt within the past 5-10 years; the benefits of the
renewed growth in R&D investment after 1975 have probably been realized
only since 1980.

Neither the slowdown in industrial R&D investment during the early 1970s
nor its resurgence in the late 1970s and early 1980s have been satisfactorily
explained. For example, there is little evidence that the lower U.S. R&D
investment of the early 1970s was the result of less favorable tax treatment.
Neither can we explain the recent resurgence of growth in R&D investment by
the more lenient treatment of R&D under the tax code; the resurgence in R&D
investment substantially predates the passage of the R&D tax credit in 1981.
(See Cordes, 1986, for a summary of the evidence for these conclusions.)

Clearly, the recent recovery in U.S. R&D growth is a positive economic
development, but when measured as a share of the gross national product
(GNP), privately financed U.S. R&D lags behind that of such nations as Japan
and West Germany. In 1984, the last year for which comparable data are
available, the GNP shares for industry-financed R&D were 1.3, 1.5, and 1.7
percent, respectively, in the United States, West Germany, and Japan. For the
GNP share of privately financed U.S. R&D to match the GNP share of privately
financed Japanese R&D investment, U.S. industry would have to increase its
1984 R&D spending (roughly $49 billion) by approximately $15 billion—more
than 30 percent of privately financed U.S. R&D in 1984 (National Science
Foundation, 1986a). Although some scholars (e.g., Brooks, 1985) have
criticized the use of GNP shares as a basis for comparing national R&D
investments, this measure captures the concept of R&D investment as a
necessary cost of competing in the modern world economy as a developer or
adopter of new technologies. In contrast to its competitors, U.S. industry
appears to
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invest less in this activity, relative to the level of American economic activity.

Figure 2-2
Federal government expenditures on R&D, 1960-1986.
Source: Budget authority data from the National Science Foundation (1985,
1986b).

Industrial R&D expenditures are dominated by applied and development
activities rather than by basic research. With some exceptions (e.g., IBM,
DuPont, and Bell Laboratories, all of which pursue large basic research
programs), industry devotes a small share of its R&D investment to basic
research. The share of total industrial R&D accounted for by development has
fluctuated between 65 and 74 percent since 1960; the basic research share of
this investment has declined from 7.6 percent in 1960 to 5 percent in 1985, an
estimate that represents a slight recovery from the low point of 4.1 percent
reached in 1980 (National Science Foundation, 1986b, Appendix Tables 5, 7,
and 9).

Federally Funded Research and Development

The federal share of total U.S. R&D spending since 1960 has varied
between 47 and 66 percent, which is matched or exceeded among industrial
nations only by French and British publicly financed R&D. Figures 2-2 and 2-3,
respectively, depict the inflation-adjusted level of federal spending on R&D
during 1960-1986 and the share of total U.S.
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R&D supported by federal funding. The federal share of total R&D spending
has declined from a 1964 peak of 66 percent to 47 percent in 1985 (National
Science Foundation, 1985, 1986b).

Figure 2-3
Federal government expenditures on R&D, 1960-1986, as a percentage of total
R&D expenditures. Source: National Science Foundation (1985, 1986b).

Federal government R&D expenditures primarily support the activities of
federal agencies (mainly in the areas of defense and space) rather than
supporting growth in fundamental knowledge or the development of industrial
applications of such knowledge. Brooks (1985) among others has noted that:

. . . it is striking that the United States admits to such a small fraction of its
R&D effort as being applicable explicitly to industrial development. . . .
Another interesting difference between the United States and other countries is
the smaller proportion of [government-funded] R&D devoted nominally to the
''advancement of knowledge''. . . it reflects strongly the pragmatic rationale
historically underlying U.S. science policy, that most research aimed at the
advancement of knowledge is supported by mission-oriented agencies and is
justified politically as furthering some societal purpose outside of science
itself. Recognition of a federal responsibility to foster the advancement of
knowledge for nonspecific social purposes has come much more slowly in the
United States than in other countries. (p. 3)

Defense-related R&D in the United States has accounted for 50-60
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percent of total federal R&D expenditures (measured in terms of budget
authority) during most of the postwar period and recently has increased
dramatically—from 50 percent of federal R&D in 1980 to more than 70 percent
in 1986. Federal defense-related R&D investment is devoted largely to
applications rather than to fundamental research, a focus that tends to limit the
commercial applicability of its results.5 Although defense-related R&D has
yielded important civilian "spillovers"—that is, commercially applicable
technologies—in the microelectronics, computer, and commercial aircraft
industries, such spillovers generally occur only in the early stages of
development when technologies appear to display greater commonality between
military and civilian design and performance characteristics. Over time, military
and civilian requirements typically diverge, resulting in declining commercial
payoffs from military R&D (Nelson and Langlois, 1983).

Brueckner and Borrus (1984) argue that commercial spillovers from
defense R&D may be increasingly negative, suggesting that defense-related
R&D may actually impair the competitive abilities of firms that rely heavily on
it. They cite as examples the imposition of export controls on civilian
technologies developed from military antecedents and the erosion of some
firms' cost discipline as a result of operating in the more insulated competitive
environment of military procurement. Lichtenberg (1985) concluded that few of
the patented inventions to which government contractors are granted title by the
military are exploited commercially.

The increasing divergence among military technological and procurement
needs and civilian technologies in most areas suggests that future commercial
spillovers of military R&D are likely to be modest, with the possible exceptions
of defense-related R&D in artificial intelligence and computer science. Indeed,
according to a report in Aviation Week and Space Technology ("Executives Cite
Erosion of Defense Industry Base," November 24, 1986) quoting members of
the Department of Defense's Public Advisory Committee on Trade (DPACT),
the direction of technological spillovers recently has been reversed: "'This
marks a new era, when civil technology spins off military applications,' one of
the DPACT executives' staff members said. Military aircraft and weapons
programs used to lead to civil versions, but the trend is shifting in the opposite
direction" (p. 69). COSEPUP's Panel on the Impact of National Security
Controls on International Technology Transfer (1987) also noted that civilian
technology is leading military applications in many areas. The panel's analysis
agreed with that of Brueckner and Borrus, concluding

5 Rosenberg (1986) argues that this tendency also characterizes research for the
Strategic Defense Initiative.
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that excessive restrictions on the export of technologies with military and
civilian applications may reduce the commercial viability of these technologies.
This outcome ultimately could undermine the commercial health of the
producers of these technologies, thereby impairing the development of military
applications as well.

As the share of federal defense-related research has grown in recent years,
the proportion of federal nondefense research outlays has declined to
approximately 30 percent of all federally supported R&D (National Science
Foundation, 1985, Appendix Table 2-11). An important aspect of federally
funded R&D that has implications for technological change is the allocation of
these nondefense research funds between basic and more applied research. With
the significant exceptions of portions of the National Aeronautics and Space
Administration's aeronautics research program and the research programs of the
U.S. Department of Agriculture and the National Institutes of Health, federally
funded nondefense research (outside of energy during the 1970s) has focused
largely on basic research; there has been little funding for research activities
supporting the adoption of new technologies. This focus of U.S. public research
support contrasts with publicly funded research programs in Sweden, West
Germany, and (to some extent) Japan; in those programs, greater emphasis is
placed on support for both applied and adoption-related research (Ergas, 1987;
Mowery, 1984). Such differences in national science and technology policies
may contribute to the more rapid diffusion of advanced manufacturing
technologies in other nations (see the next section for a comparison of rates of
utilization of advanced manufacturing technologies in different countries). In
addition to supporting long-term research relevant to the generation of new
technologies, then, public financial resources may also be important for the
support of technology adoption. The U.S. public research budget currently
provides little if any support for the adoption of new technologies.

Foreign Research and Development

The increasingly sophisticated technological capabilities of foreign firms
noted earlier are due in large part to increased R&D investment by both the
public and private sectors of other industrial nations. Figure 2-4 shows the
convergence in the shares of GNP devoted to R&D investment by industrial
nations during 1961-1985. When defense-related, publicly funded research is
excluded from these data (Figure 2-5, which covers only 1971-1986), France,
Japan, and West Germany are seen to devote a larger share of their GNP to
R&D investment than the United States.

One result of this investment has been the narrowing of technological gaps
between the United States and many of its industrial competitors, a trend that
also reflects the recovery of other nations from the physical and eco

THE SOURCES AND RATE OF TECHNOLOGICAL CHANGE IN THE U.S. ECONOMY 38

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Technology and Employment: Innovation and Growth in the U.S. Economy
http://www.nap.edu/catalog/1004.html

http://www.nap.edu/catalog/1004.html


nomic devastation of 1914-1945. In fact, some of the technologies thin are of
interest in this report, including telecommunications and digital information
transmission, have contributed to hiker rates of international technology
transfer. U.S. and Japanese firms, for example, have relied on these
technologies to collaborate in the development of advanced passenger aircraft
and engines (Mowery, 1987). The growing technological pluralism in the
modern world economy makes it imperative that U.S. firms emulate those of
other nations, such as Sweden and Japan, and monitor the international
technological environment assiduously to remain abreast of new developments
and research. Neglecting such monitoring or performing it less effectively than
foreign competitors reduces the ability of U.S. firms to develop technologies
rapidly and compete successfully in the world economy.

Figure 2-4
National expenditures for performance of R&D* as a percentage of gross
national product (GNP) by country. Source: National Science Foundation
(1985). *These are gross expenditures for performance of R&D including
associated capital expenditures (except for the United States, where total
capital expenditure data are not available). Estimates for 1972-1980 show that
the inclusion of capital expenditures for the United States would have an
impact of less than 0.1 percent per year.
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Figure 2-5
Nondefense R&D expenditures as a percentage of gross national
product (GNP) by country. Source: National Science Foundation (1987).

Although R&D investment is an important source of technological
innovation, as the previous discussion noted, the firm or nation undertaking
such investment does not always receive a majority or (in some cases) any of
the profits from its investment. As scientific and technical data and research
results spread throughout the world more quickly, the ability of a single firm or
nation to "appropriate" all the financial or competitive fruits of its R&D
investment has declined. Sustained support for the generation of new
knowledge remains critically important in the current world economic
environment. What is now of equal importance, however, is the ability of a firm
to move rapidly from invention to commercial application and the ability of a
national economy to adopt new technologies quickly, thus narrowing the gap
between current and "best" practices. R&D investment positively influences the
adoption and rapid exploitation of new technologies; these activities arc
discussed in the next section.

THE DIFFUSION OF TECHNOLOGY

The economic effects of new technology, whether revealed in productivity
growth, creation or loss of jobs, or changes in wages and profits, are realized
only through its adoption. Therefore, no analysis of the effects of
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new manufacturing and office technologies on U.S. economic performance and
employment is complete without considering technology diffusion—that is, the
factors that affect the speed and extent of adoption of innovations.

Perhaps the most striking aspect of diffusion, and the factor that most
complicates the task of forecasting the employment and economic impacts of
new technologies, is its gradualness.6 It can take decades for all of the members
of a given industry, firm, or sector to adopt an innovation. Enos (1962) found
that the period between the invention of a new process or product and its initial
application (in other words, substantially prior to its extensive utilization)
averaged 14 years for one sample of inventions; in another study, Mansfield
(1961) found that, for 9 of 12 innovations, adoption by all of the large firms in
the coal mining, railroad, brewing, and iron and steel industries took more than
10 years.

There are several reasons why diffusion is such a lengthy process.
Prospective adopters often find it difficult to evaluate new technologies; as a
result, they are uncertain about the benefits and costs involved and may be
reluctant to adopt a new technology rapidly. Moreover, the transmission and
absorption of the information necessary to adopt an innovation require
considerable time. Adopting a specific innovation may also demand extensive
complementary investments in new plants and equipment and in work force
training and retraining. Finally, the age and other characteristics of the existing
capital stock in potential adopter firms affect the attractiveness of investing in a
new technology.

Factors Affecting the Diffusion of Technology

Theoretical and empirical studies of technology diffusion suggest that two
broad factors influence the rate of diffusion of technologies: (1) uncertainty
surrounding the characteristics of a new technology and the payoffs from
adopting it, and (2) the actual profitability of its adoption.

Sociologists such as Rogers (1983) and economists such as Griliches
(1957, 1960) and Mansfield (1961, 1963b, 1966) have defined the characteristic
s-shaped curve describing the diffusion of an innovation: plotted against time,
the proportion of adopters within a population increases slowly, then
accelerates, and finally levels off (Figure 2-6). These researchers suggest that
the adoption of a technology by a growing number of firms or individuals
progressively reduces uncertainty and increases

6 The fact that the economic and employment consequences of new technologies
frequently are felt more gradually than economic change induced by other causes, such
as currency fluctuations or natural disasters, should simplify the development of policies
to aid worker adjustment (see Chapter 7).
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the amount of information available to potential adopters, thereby accelerating
adoption, until a large fraction of the relevant population has adopted the
innovation. Firm size also affects the speed with which an innovation is
adopted. Mansfield (1963a) found that large firms adopted innovations more
rapidly than small firms and attributed this difference to the larger in-house
engineering and scientific staff and financial resources of the bigger firms,
among other factors.

Figure 2-6
Time path of the diffusion of a "typical" innovation.

Diffusion rates vary across industries and technologies as a result of
structural and other factors that affect the profitability of adoption and the level
of uncertainty about such profitability. For example, government regulation can
play a role either in increasing or slowing diffusion. Regulation of U.S.
commercial air transportation prior to 1978 supported rapid diffusion of new
commercial aircraft among the passenger airlines by encouraging competition
based on service quality rather than on price (Jordan, 1970; Mowery, 1985); in
another case, more stringent regulation since 1962 appears to have slowed the
introduction and
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diffusion of new pharmaceuticals in the United States (Schwartzman, 1976).
There are limits, however, to what can be determined about technology
diffusion from the available data. Most empirical studies of diffusion focus on
cross-sectional differences in the adoption of a single innovation, which
restricts the ability to predict diffusion rates for multiple innovations over time.
Thus, little is known about the determinants of aggregate trends in diffusion
rates within an economy.

Any analysis of the diffusion of innovations is further complicated by the
fact that an innovation often is greatly modified in the course of its diffusion
(Rosenberg, 1976). Examining the diffusion of computers during the past four
decades, for example, involves analyzing the diffusion of a number of very
different products, each of which has been modified drastically since its
introduction—the capabilities of the original personal computers differed
greatly from those of subsequent microcomputers, and these products bear little
if any resemblance to the mainframe behemoths of the 1950s and 1960s.

Another limitation in any analysis of diffusion rates is that empirical
studies have focused on manufacturing, health care, or agriculture—there are
few studies of the diffusion of innovations within the services sector outside of
health care. The service industry diffusion studies that have been performed
(e.g., Stoneman, 1976, who considered the diffusion of computers within
British banks) confirm the importance of profitability and information as key
determinants of the rate at which productivity-enhancing innovations are
adopted. Although the specific impediments to diffusion within the service
industries may differ somewhat from those observed within manufacturing, the
general determinants of the rate of diffusion appear to be quite similar across
the two sectors.

How do the diffusion rates of specific technologies in manufacturing and
services compare? U.S. industry's use of advanced manufacturing technologies,
including robotics and computer numerically controlled machine tools, seems to
be increasing at a rate comparable to the rates of diffusion of earlier process
innovations such as mainframe computers. The number of robots in U.S.
industry, for example, grew at an average rate of roughly 40 percent per year
during 1981-1985, although this growth appears to have slowed recently.7 The
number of robots per 1,000 manufacturing employees (a figure including white-
collar workers) grew from 0.1 in 1976 to 1.3 in 1986 (J. Bernstein, Robotic
Industries Association, personal communication, 1987; Flamm, 1986).
Moreover, and of greater significance for the long-run employment impacts of
technological

7 Flamm (1986); see also "GM Throws a Monkey Wrench Into the Robot Market,"
Business Week, August 25, 1986.
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change in U.S. manufacturing, both the level of use and the rate of adoption of
such productivity-enhancing innovations as robotics and computer numerically
controlled machine tools within U.S. industry appear to be lagging behind those
of many industrial competitors, notably Japan, Sweden, and West Germany
(Flamm, 1986; Mowery, 1986; Technology Management Center, 1985).
Jaikumar (1986) estimates that "[i]n the last five years, Japan has outspent the
United States two to one in automation. During that time, 55% of the machine
tools introduced in Japan were computer numerically controlled (CNC)
machines, key parts of FMSs [flexible manufacturing systems]. In the United
States, the figure was only 18%" (p. 70).

The differences that can be observed among the United States and other
nations in the rates of diffusion and use of robotics are not well explained by
differences in wage rates, capital costs, or industry mix in U.S. and foreign
economies (Flamm, 1986). The empirical evidence on rates of adoption
(Mansfield, 1963b) also suggests that small U.S. firms are likely to be even
further behind the technological "frontier" than large firms. This is a matter of
some concern; the competitive and technological vitality of smaller firms is
important for overall U.S. employment and competitiveness because of the roles
such firms play as employers (see Chapter 6) and as suppliers to larger
manufacturing firms.

Data on rates of investment by U.S. firms in office automation and
information technologies suggest that diffusion of these technologies may be
occurring somewhat more rapidly than the diffusion of some new
manufacturing technologies. In the early 1980s, the rate of growth in the use of
computer workstations (on-line terminals and workplace personal computers),
which are predominantly found in nonmanufacturing settings (Harris, 1983),
was higher than that for robots. As Figure 2-7 indicates, the number of U.S.
workstations has increased from approximately 675,000 in 1976 to roughly 28
million in 1986, an average growth rate of 47 percent per year.8 The number of
workstations has grown from 15.4 for every 1,000 white-collar employees in
1976 to 450 per 1,000 white-collar workers in 1986.

Obstacles to the Diffusion of Technology

Before a firm can adopt many of the computer-based office and
manufacturing technologies of interest to this panel, it must overcome a number
of obstacles, which reflect the factors mentioned earlier as important influences
on the diffusion of technology. The obstacles a firm

8 Letter of January 8, 1987, to Dennis Houlihan from Donald C. Bellomy, editor of
International Data Corporation's computer industry report The Gray Sheet.
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faces can be grouped into three broad and overlapping categories: (1) adoption
costs, (2) product standards, and (3) the availability and evaluation of relevant
information.

Figure 2-7
Growth in the number of U.S. workstations (on-line terminals and nonhome
personal computers), 1975-1986.
Source: Donald C. Bellomy, International Data Corporation, personal
communication, January 8, 1987.

The adoption costs associated with computer-based technologies that
integrate numerous separate operations are in many cases greater than those
associated with discrete innovations with less demanding integration
requirements. Often, the technologies that underpin many of these computer-
based innovations are new to the industries and firms faced with an adoption
decision—a factor that heightens the uncertainties about the technology and
increases the costs of acquiring the necessary expertise for its evaluation and
operation. Uncertainty—and hence costs—are also increased by rapid changes
in these technologies. The substantial costs of the applications engineering
necessary for adoption are likely to be particularly onerous for smaller firms,
which may have few or no specialized technical personnel on their payrolls.

A related impediment contributing to higher adoption costs stems from the
fact that higher-level skills are often required for successful adoption in the
early stages of the introduction of new technologies. A number of scholars
(Bartel and Lichtenberg, 1987; Nelson and Phelps,
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1966; Nelson et al., 1967) argue that the installation and ''debugging'' of
complex machinery for which little operating experience has been compiled are
frequently lengthy processes, requiring specialized skills and in many cases
extensive scientific or technical training:

The observers of the early production of transistors remarked on the high
percentage of physicists and engineers required to control the processes. As
experience accumulated, however, it became possible to design machines to do
some of the jobs formerly requiring highly educated talent, and to develop
training programs to teach less educated workers the special things that they
needed to know to be effective workers. (Nelson et al., 1967, p. 106)

A highly skilled work force can adopt new technologies more rapidly.
Nonetheless, the high costs of training may impede the diffusion of
technologies in the United States; this is especially true if firms and workers are
unable to develop contractual agreements to share the costs and benefits (in
terms of higher productivity, higher wages, or product quality) of retraining
investments (Bendick and Egan, 1982). Moreover, these retraining costs may
place heavy burdens on small firms. Sweden and Japan have been leaders in the
adoption of computer-based manufacturing technologies and robotics, and both
have labor market institutions and practices that may support higher levels of
investment in training for their blue-collar work forces (see Chapter 7). Such
investments may aid the faster adoption of some key manufacturing
technologies in these nations.

Product standards play a central role in the development and adoption of
information and computer technologies. Within the United States, standards in
information technologies historically have been set by market forces rather than
by a governmental or industry-wide group. For example, standards for
computers were largely established by IBM, reflecting its dominance of the
market. For other technologies (e.g., office automation or computer-based
manufacturing), no single vendor dominates the market; as a result, standards
have been slower to emerge, despite the activities of the Corporation for Open
Systems and the American National Standards Institute.

Because standards lessen the need for large investments in applications
engineering to modify interfaces among incompatible pieces of hardware or
software, they lower adoption costs and aid the adoption of new technologies.
In view of the salience of these costs for small firms, standards are likely to be
particularly useful in helping small firms adopt new technologies. Once
established, however, a product or process standard may have an extremely
powerful influence over the future direction of technological change.
Uninformed or hasty standardization may effectively "lock in" an inefficient
technology (David, 1985). The
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lack of standards thus retards diffusion, whereas their premature or ill-informed
establishment increases the risks of technological suboptimization.

Prospective adopters of computer-based technologies in manufacturing and
services often face problems in evaluating the cost consequences of adoption.
Many of the essential areas in which these process technologies yield
significant cost savings are not incorporated in conventional investment
analyses because of conceptual flaws in these analytic frameworks. For
example, reductions in inventory or work in progress have been singled out by
several researchers as important dimensions of resource savings that are ignored
by accounting systems developed for the evaluation of discrete investment
decisions (see Ettlie, 1985, 1986; Kaplan, 1986; Technology Management
Center, 1985). In some instances, U.S. managers are not sufficiently familiar
with a new technology to evaluate its performance effectively. Improving
management education may be one way to provide the familiarity and analytic
skills necessary for informed evaluations of new technologies.

KEY TECHNOLOGY "CLUSTERS"

The preceding sections of this chapter have discussed technology in
general terms. What specific technologies will affect employment and the
workplace in the next 10-15 years? Brief descriptions of several salient
technologies follow; our discussion of them focuses on trends in technological
development and adoption and their employment implications. Four technology
"clusters" are considered: information technologies; computer-aided
manufacturing technologies (robotics, CIM, and flexible manufacturing
systems); materials; and biotechnology. Many of the important innovations in
all four of these technology clusters are well beyond the invention stage and are
now undergoing development for commercial applications. This list is not
comprehensive, nor are the items on the list mutually exclusive—information
technologies, for example, are critical to CIM, and innovations in materials
underpin both information technologies and computer-aided manufacturing
processes. The panel considered these technologies to be worthy of particular
attention because of the widespread notice each has received as well as their
potential for widespread application within the U.S. economy in the near future.

Information Technologies

One of the most important structural changes in the U.S. economy, a
change that affects both the manufacturing and services sectors, has been the
rapid development and application of information technologies (i.e.,
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technologies that store, retrieve, analyze, or transmit information). Computers,
telecommunications equipment, and the microelectronic components on which
they rely are included in this cluster. Within many sectors of the modern
economy, information is an increasingly important input to the production of
goods and often reduces the amount of labor and the quantity of other inputs
required per unit of output.9 Information has also become an increasingly
valuable commodity in its own right. The evidence (e.g., U.S. Bureau of Labor
Statistics, 1986b) suggests that the development of these technologies should
enhance the demand for workers who manipulate and analyze information,
relative to the demand for workers who enter and collate data.

Computer-Aided Manufacturing Technologies

The incorporation of computer- and microelectronics-based technologies
within manufacturing has transformed the work environment in some industries
and firms while simultaneously contributing to public concern over job
displacement. These technologies include robotics, computer-aided design and
manufacturing, and microelectronics-based, machine-controlled technologies
such as computer numerically controlled machine tools.

Current estimates of the rates of development and diffusion of these
technologies in a wide range of functions suggest that they are unlikely to
produce mass displacement of workers during the next decade or two.
Moreover, according to some analysts (Cyert, 1985; Sanderson, 1987),
computer-aided technologies could support growth rather than reductions in
U.S. manufacturing employment: the reduced direct labor costs made possible
by these technologies may allow some U.S. firms to move assembly and
fabrication operations back to the United States from low-wage areas of the
world. Most public concern about these technologies focuses on the
displacement of production workers. Widespread adoption of computer-aided
manufacturing technologies, however, is also affecting middle-level engineers
and managers, as Chapter 6 notes.

Advanced Materials

Fundamental to progress in microelectronics and information technologies,
as well as to many areas of manufacturing and the services sector, are advances
in such materials as ceramics (including high-temperature

9 Freeman and Soete (1985) argue that "it is this feature which distinguishes IT
[information technology] so clearly from 'old-fashioned' automation. Some of the most
significant productivity gains linked to the introduction of IT relate to more efficient
inventory control, as well as significant energy, materials, and capital savings" (p. 55).
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superconducting materials), nonmetallic composites, and polymers. Innovations
in materials technology affect employment in several ways. First, they may
reduce markets for the materials they replace. On the other hand, markets for
the new materials may expand and create new employment. The net
employment effect of such a substitution is determined by the comparative
labor requirements per unit of output for the two materials, as well as the
relative size and rates of growth in the respective markets. Materials
innovations also may affect labor requirements for processing and fabricating
materials. Currently, however, the magnitude and even the direction of these
employment effects are uncertain.

Biotechnology

The U.S. Congress's Office of Technology Assessment (1984) defines
biotechnologies as technologies that use living organisms to modify plants or
animals and develop microorganisms for specific purposes.10 Biotechnology
arguably is the least advanced of the four clusters, reflecting its recent
development and the impediments to its rapid diffusion. The sectors in which
these technologies initially will be introduced—the pharmaceutical and
chemical industries, agriculture, and environmental protection—do not employ
large numbers of people, leading us to conclude that the near-term aggregate
employment impacts of biotechnologies will be modest and will primarily
influence shifts within professional and technical occupations.

SUMMARY

The pace of technology diffusion governs the rate at which the economic
and employment effects of new technologies are realized. The data discussed in
this chapter suggest that within the U.S. manufacturing sector, the pace of
adoption of some new technologies is slower and the levels of utilization lower
than in some other industrial nations. This slower rate of adoption within U.S.
manufacturing may allay concerns over the job-displacing impacts of rapid
technological change, but it actually carries a false assurance. Because foreign
firms are adopting

10 This definition is by no means universally accepted. The National Research
Council's Board on Agriculture (1987) defines biotechnology as "the use of technologies
based on living systems to develop commercial processes and products . . . [including]
the techniques of recombinant DNA, gene transfer, embryo manipulation and transfer,
plant regeneration, cell culture, monoclonal antibodies, and bioprocess engineering" (p.
3). Other analysts (Miller and Young, 1987) reject any effort to develop a definition of
biotechnology.
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these technologies more rapidly than U.S. firms and are expanding their shares
of the U.S. and word markets, job displacement from the slow adoption by U.S.
firms of these productivity-increasing manufacturing technologies is likely to be
more serious than any displacement resulting from rapid adoption; the recent
surge in import penetration of many U.S. manufacturing industries provides
support for this assertion (see Chapter 3 for additional discussion). U.S. industry
must operate closer to the technological frontier if this nation is to maintain
high employment levels and living standards.
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3

Labor Supply and Demand Within the U.S.
Economy

As we noted in Chapter 1, the level of total employment within the U.S.
economy is determined primarily by nontechnological factors. Technological
change can, however, affect the demand of individual sectors or industries for
labor. Process innovations that increase labor productivity reduce the amount of
labor (and potentially the amount of other inputs) required per unit of output.
But this reduction need not and in fact has not translated into increased total
unemployment in the United States. Instead, the employment impacts of any
reductions in the amount of labor required for each unit of a product typically
are offset by increases in demand for the product—in response to lower prices—
or increases in the demand for other commodities. In addition, product
innovations can create jobs in entirely new industries. To maximize the
employment-expanding influence of technological change within the economy,
workers must be able to move from sectors of declining labor demand to those
in which employment opportunities are expanding. Indeed, the technological
and other factors that have altered the structure of the U.S. economy and the
demand for different types of labor during the past two decades appear to have
increased the need for such movement.

THE U.S. ECONOMY: CHANGES IN STRUCTURE AND
PERFORMANCE SINCE THE 1960S

Both the structure and performance of the U.S. economy have changed
greatly since the 1960s. The share of private nonagricultural employment
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accounted for by manufacturing, which stood at roughly 36 percent in 1966, has
continued to decline, to roughly 24 percent in 1985 (U.S. Bureau of Labor
Statistics, 1985a, 1986a). At the same time, international trade has expanded
and now plays a much more significant role within the economy. Imports were
5.1 percent of GNP in 1966 and 11.4 percent in 1986; the share of GNP
represented by exports expanded from 6 percent in 1966 to 8.9 percent in 1986
(President's Council of Economic Advisers, 1987, Tables B-1 and B-99).1

Sales in the industries associated with (as it was known in the 1960s)
"automation"—that is, instruments, office equipment, computers, and electronic
components—have more than doubled, growing from $53.4 billion (in 1986
dollars) in 1967 to more than $114 billion in 1985 (U.S. Bureau of the Census,
1982b, 1985a, 1985b).2 Although the pace of technological change may not
have increased greatly since the 1960s, "automation" technologies now are
applied more widely. Twenty years ago, automation was viewed as applicable
mainly in the manufacturing sector; now, both the manufacturing and
nonmanufacturing sectors make extensive use of information and computer-
based technologies.

As we noted in Chapter 2, changes in the international economic
environment since the mid-1960s have narrowed the technological "gap"
between the United States and other industrial economies. The dwindling
technological lead of the United States, along with many other factors (e.g., the
Vietnam war, oil price increases by the Organization of Petroleum Exporting
Countries), has contributed to a deterioration in the performance of the U.S.
economy. Unemployment levels throughout the 1970s and 1980s have remained
well above those of the 1960s (Podgursky, 1984).3 The average annual rate of
growth in real average hourly earnings during 1970-1986 was -0.4 percent,
following average annual growth rates of 2.7 and 1.7 percent, respectively,
during the 1950s and 1960s (President's Council of Economic Advisers, 1987,
Table B-41). Finally, labor productivity growth in the U.S. nonfarm sector has
declined since the 1960s, reaching an average annual rate of less than 1 percent
during 1973-1986 (President's Council of Economic Advisers, 1987, Table
B-44).

1 Growth in imports and exports of goods relative to total U.S. production of goods
during this period is even more dramatic. "Merchandise" imports and exports, which
include agricultural products, automotive goods, petroleum products, and industrial
supplies and materials. respectively. grew from 6.6 and 7.6 percent of U.S. goods
production in 1966 to 20.2 and 12.8 percent in 1985 (President's Council of Economic
Advisers, 1987, Tables B-6 and B-99).

2 This calculation does not include telecommunications equipment sales, which have
also grown rapidly since the mid-1960s.

3 Podgursky noted that unemployment rates at the business cycle quarterly peaks in
1969, 1973, 1979, and 1981 were 3.6, 4.8, 6.0, and 7.4 percent, respectively.
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TABLE 3-1 Sectoral Composition (percent) of New Jobs in the U.S. Economy,
1955-1965, 1965-1975, and 1975-1985

Period
Sector 1955-1965 1965-1975 1975-1985
Manufacturing 11.9 1.9 4.8
Mining and construction 2.0 2.5 6.3
Transportation and utilities -1.0 3.1 3.4
Wholesale and retail trade 21.8 26.5 29.0
Finance, insurance, and 6.9 7.4 8.7
real estate
Services 27.7 30.2 39.1
Government 31.7 28.4 8.2

NOTE: There were 10.1 million new jobs created during 1955-1965, 16.2 million during
1965-1975, and 20.7 million during 1975-1985. Percentages may not total 100 due to rounding.
Source: U.S. Department of Commerce, International Trade Administration (1987), Table 9, p. 12.

Despite its disappointing performance in these areas, the U.S. economy
expanded employment opportunities rapidly during 1975-1985. Indeed, more
than 20 million jobs were created during the 1975-1985 decade, an expansion
that allowed the labor force to absorb both the "baby boom" cohort and greater
numbers of women seeking employment. The share of the 20.7 million new
jobs created during 1975-1985 accounted for by the private nonmanufacturing
sector was greater than in previous decades of the post-World War II period
(Table 3-1). Four industry groups (wholesale and retail trade; transportation and
utilities; finance, insurance, and real estate; and services) collectively accounted
for approximately 80 percent of the new jobs created during 1975-1985, a
substantial increase from these groups' shares of roughly 55 percent during
1955-1965 and 67 percent during 1965-1975. Although the manufacturing
sector's share of the jobs created during 1975-1985 (4.8 percent) was well
below its share during 1955-1965 (11.9 percent), the 1975-1985 share was
higher than that of 1965-1975 (1.9 percent). Many more jobs were created in
manufacturing during 1975-1985 than during 1965-1975.

Several studies (e.g., Bluestone and Harrison, 1986) have noted that many
of the jobs created during 1979-1984 paid relatively low wages. Bluestone and
Harrison's empirical results, however, are sensitive to the temporal end point of
their analysis. Extending their analysis beyond 1984 to cover 1985 substantially
increases the share of high-wage jobs that were created during the entire period
because 1981 and 1982, years that include a severe recession, receive less
weight in the longer time series.
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Other evidence suggests that the jobs created during 1975-1985 were not
uniformly "low-quality" jobs (i.e., low-wage jobs with minimal skill
requirements and prospects for advancement). Leon's (1982) study of the
occupational structure of the jobs created during 1972-1980 indicates that,
during most of this period, the occupations exhibiting the highest rates of
growth were professional, technical, and managerial positions. Moreover,
according to Rosenthal (1985), the distribution of weekly earnings within the
overall occupational structure in 1982 was slightly less skewed toward low-
wage occupations than in earlier years. Nonetheless, McMahon and Tschetter
(1986) argue that, within the high-wage occupations whose growth has been
rapid, there is a tendency for the jobs created since 1973 to occupy a relatively
low position in the intraoccupational earnings distribution.

The facts of job expansion, earnings growth, and occupational shifts are
less in dispute than the interpretation of the various trends. Some analysts (e.g.,
Bluestone and Harrison, 1986) view recent trends as evidence that equality of
economic opportunity has declined because of technological or structural change
—for example, increased international competition or the growth of service
sector employment. Others (e.g., Blackburn and Bloom, 1987; Kosters and
Ross, 1987; Lawrence, 1984; Levy, 1987; McMahon and Tschetter, 1986;
Rosenthal, 1985) see these trends as the result of demographic factors,
combined with the severe recession of the early 1980s, slow growth in the
overall economy, and low productivity growth. These researchers suggest that
rapid growth in the U.S. labor supply coincided with slow (or negative, during
1981-1982) economic growth, expanding the supply of job seekers relative to
the number of openings and placing downward pressure on wages. Although the
various trends require continued monitoring and assessment, slow economic
growth and low rates of productivity increase, rather than technological change
in the U.S. economy, appear to be the key factors in explaining these shifts.

The causes of the slow economic growth, high unemployment, and
declining productivity growth rates that have afflicted the United States as well
as other industrial nations since the 1960s are not well understood. Some
portion of these developments can be ascribed to the disruptions in the global
economy that occurred when oil prices rose in 1973 and 1979. But even when
the effects of these disruptions are discounted, the record of U.S. demand
management policies (i.e., fiscal and monetary policies) since the mid-1960s
has been disappointing. Many economists and policy analysts now are more
skeptical about the theory and practice of macroeconomic policy than they were
in the 1960s. The ability of policymakers to reduce or eliminate unemployment
through careful fiscal and monetary policies appears to be more limited than
originally sus
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pected, due in part to the structural changes that have occurred in the U.S. and
global economic systems.

TRENDS IN U.S. UNEMPLOYMENT

Aggregate Unemployment

One of the most important factors contributing to public concern over the
effects of technological change in the U.S. economy is the growth, noted earlier,
in aggregate unemployment above the average levels of the 1950s and 1960s.
There are no widely accepted explanations of the post-1973 growth in
unemployment, although slow economic growth and frequent recessions (there
have been four during this period) have contributed to it. Two of the recessions
(1974-1975 and 1981-1982) were the most severe economic downturns the
country has experienced since the Great Depression. In addition, the 1970s and
1980s saw no lengthy economic expansion comparable to that of the 1960s,
although the current growth cycle may yet prove equally durable. Economic
growth during 1966-1985 was much lower than that during 1948-1966 (a more
detailed discussion of slower output growth follows). The frequently
recessionary condition and slow growth of the U.S. economy since 1970, as
well as the "oil shocks" of 1973 and 1979, all reduced the demand for labor,
placing stronger upward pressure on aggregate unemployment rates than during
the 1960s.

Has the entry into the labor force of the huge baby boom cohort and a
growing number of women, which increased the labor supply, contributed to
higher aggregate unemployment during the 1970s and 1980s? According to
Podgursky (1984), the baby boom cohort contributed significantly to aggregate
unemployment in the early and mid-1970s, but its contribution has since
declined. Instead, higher unemployment in the early 1980s resulted in large part
from permanent job losses, which were concentrated among workers in
manufacturing, mining, and construction. The higher unemployment rates of the
1980s appear to reflect longer spells of unemployment for a relatively small
portion of the work force, rather than an increase in the share of the work force
experiencing short spells of unemployment (Podgursky, 1984).4

A portion of the higher post-1973 unemployment, especially the
unemployment of the 1980s, appears therefore to be structural; that is, it reflects
mismatches between worker skills or worker locations and job

4 Average unemployment duration increased from 9.3 weeks in 1970 to 17.5 weeks in
1982 (Podgursky, 1984).
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openings for a relatively small group of unemployed workers who experience
lengthy spells of unemployment, rather than a cyclical downturn in the overall
economy that results in short spells of joblessness for a very large number of
workers (Summers, 1986). Such mismatches may come from technological
change, but they also reflect rapid structural change of all types within this
economy since 1970, including dramatic increases in international trade and
recent significant import penetration in numerous manufacturing industries.5

Although aggregate unemployment has been high, relative to post-1945
averages, during the 1970s and 1980s, U.S. unemployment rates recently have
fallen below those of many Western European nations, including West
Germany, France, and Great Britain. Moreover, the average duration of U.S.
unemployment now is shorter than that observed in a number of Western
European nations. In 1985 slightly more than 15 percent of the unemployed
population in the United States had been out of work for more than 6 months; in
Great Britain, 60 percent of those unemployed had been out of work that long,
whereas in West Germany this figure stood at 55 percent.6

The lower average rate and shorter duration of U.S. unemployment reflect
the high rate of job creation and loss in the U.S. economy, as well as the
relatively high geographic mobility of U.S. workers. Leonard (1986), in his
study of Wisconsin, estimated that, each year, the jobs created and lost equaled
nearly 14 percent and 11 percent, respectively, of the previous year's jobs.7 The
U.S. labor market thus is extremely fluid and dynamic, attributes that should
ease the adjustment of workers to new technology.

How does high or low aggregate unemployment affect unemployment
within different groups of U.S. workers? Blue-collar workers accounted for a
disproportionate share of the growth in U.S. unemployment during 1970-1982.
With 31 percent of the 1982 labor force, their share of the

5 Costrell's (1987) measure of structural change, which is based on changes in the
employment shares of the 12 economic sectors discussed in greater detail later in this
chapter, suggests that such change has accelerated during 1979-1985, compared with
1973-1979 and 1966-1973. Rissman (1986) obtained similar results.

6 See ''The Supple Rigidity of America's Job Machine,'' The Economist 302 (February
7, 1987):28-29. The entry into the labor force of the baby boom cohort is partly
responsible for recent high European unemployment rates. The European baby boom
postdates that of the United States by 5-10 years; Western European economies now are
absorbing large increases in their labor forces that exert upward pressure on
unemployment rates (Norwood, 1983).

7 Leonard's study examined the 1977-1982 period, which covers years of both
economic expansion and of recession. His results therefore should not be biased by the
state of the business cycle.
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1970-1982 increase in the unemployment rate was 47 percent (Podgursky,
1984). Unemployment is substantially lower among whites than among blacks;
black male unemployment rates are from two to three times higher than those of
white men (President's Council of Economic Advisers, 1987, Table B-38; U.S.
Bureau of the Census, 1986, Table 662). In general, young people and
minorities bear the brunt of cyclical downturns in the economy because of labor
market imperfections (e.g., discrimination) and skill differentials. Conversely, a
full-employment economy (in which unemployment is restricted largely to
those individuals voluntarily engaged in job search) particularly benefits
disadvantaged workers (see Chapter 5).

Displacement

One group of the unemployed whose situation has attracted considerable
attention and concern (Flaim and Sehgal, 1985; Podgursky, 1987; Secretary of
Labor's Task Force on Economic Adjustment and Worker Dislocation, 1986;
U.S. Congress, Office of Technology Assessment, 1986a, 1986b) comprises
experienced workers who suffer permanent job loss or "displacement." The U.S.
Bureau of Labor Statistics (BLS) 1984 survey of displaced workers8 focused on
workers who had lost jobs because of plant shutdowns, an employer going out
of business, or permanent layoffs resulting from other factors (Flaim and
Sehgal, 1985).9 Displaced workers are widely cited (U.S. Congress, Office of
Technology Assessment, 1986b) as victims of technological change.

How large a share of the unemployed population comprises displaced or
dislocated workers? Any estimate of this share depends on the definition of
dislocation used. Counting all workers suffering from permanent job loss as
displaced, BLS estimated that 11.5 million workers were displaced during
1979-1983, yielding an average annual flow of 2.3 million workers.
(Unpublished BLS data cited in U.S. Congress, Office of Technology
Assessment, 1986a, suggest that the flow ranged from 1.2 million workers in
1979 to 3.3 million workers in 1983.) When the definition of a displaced worker
is restricted to "experienced" workers—

8 The BLS administers the quarterly Current Population Survey (CPS), gathering data
on the employment and earnings of respondents. In January 1984 and January 1986, BLS
added a special supplement to the CPS to obtain data on the former earnings and
employment status of workers (20 years of age or older) who had lost their jobs. These
data are the basis of the analyses by Flaim and Sehgal (1985), Podgursky (1986), and
others.

9 Estimating the size of the displaced worker population is a complex problem. The
Secretary of Labor's Task Force on Economic Adjustment and Worker Dislocation
(1986) developed seven definitions of displaced workers, each of which yielded a
different estimate of the displaced worker population.
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workers with at least 3 years' experience in the job from which they were laid off
—the BLS survey data suggest that a total of 5.1 million workers were
displaced during 1979-1983 (Flaim and Sehgal, 1985), which implies an annual
average flow of slightly more than 1 million workers. (BLS data cited in U.S.
Congress, Office of Technology Assessment, 1986a, estimate that this flow
ranged from 0.6 million workers in 1979 to 1.4 million workers in 1983.)
Podgursky (1987) also analyzed the number and characteristics of workers
displaced during 1979-1982, restricting his population to full-time
nonagricultural workers. He estimated that 6.4 million workers were displaced
during this period, yielding an average annual flow of 1.6 million displaced
workers.10 Significantly, Podgursky's comparative analysis of data from the
1984 and 1986 displaced worker surveys revealed little decline in the average
rate of displacement—1.5 million workers per year during 1981-1984.

Although the BLS estimate of the number of experienced workers
displaced annually (regardless of the causes of displacement) is no more than
10-13 percent of the total unemployed population at any point in time, if one
considers the share of unemployment accounted for by all displaced workers,
the annual flow of such workers increases to 20-31 percent. Moreover, the
contribution of displaced workers to increases in unemployment since 1980 has
been unusually high (Summers, 1986). The Secretary of Labor's Task Force on
Economic Adjustment and Worker Dislocation (1986) estimated that more than
50 percent of the increase in unemployment during the 1981-1982 recession
resulted from permanent job loss—a substantially higher figure than the
permanent job loss share of the unemployment increase (roughly 37 percent) in
the three prior recessions.

Once displaced, how long are workers unemployed? According to the
1984 BLS survey, nearly 25 percent (1.3 million) of the 5.1 million workers
displaced during 1979-1983 were still unemployed in January 1984, and more
than 13 percent (700,000) of those 5.1 million had left the labor force during
1979-1983 (Flaim and Sehgal, 1985). As of January 1984, 60 percent of the
experienced workers displaced during the previous 5 years had found
employment, albeit at wages that may have been lower than those of their
previous jobs; 67 percent of the displaced workers surveyed in January 1986
had found jobs (Flaim and Sehgal, 1985; U.S. Bureau of Labor Statistics,
1986d). Podgursky's analysis (1987) revealed

10 Unlike BLS, however, Podgursky did not use job tenure to further restrict his
population of displaced workers. He did restrict his analysis to workers who had lost
their jobs at least 12 months prior to the date of the 1984 and 1986 BLS surveys in order
to better assess the postdisplacement unemployment history of survey respondents and
minimize the share of workers who were in fact laid off temporarily.
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little if any change in the median duration of unemployment following
displacement in his samples of the displaced worker populations from the 1984
and 1986 surveys; median weeks of unemployment for blue-collar males fell
from 26 weeks (in the 1984 survey, based on 1979-1982) to 20 weeks (from the
1986 survey, covering 1981-1984), whereas median female blue-collar
unemployment increased from 40 to nearly 48 weeks. The median duration of
white-collar workers' unemployment following displacement fell from 14 weeks
to 12 weeks during this period.

Bendick and Devine (1981) found that the geographic region within which
displacement occurred was more significant in explaining the duration of
unemployment than the industry from which workers were displaced. Indeed,
according to the Secretary of Labor's Task Force on Economic Adjustment and
Worker Dislocation (1986), each additional percentage point in the regional
unemployment rate added 1-4 weeks to the average duration of unemployment
for displaced workers in that area. Other analyses of displaced workers (Flaim
and Sehgal, 1985) found that the earnings losses associated with reemployment
after displacement were largest in areas of high unemployment.

What are the financial consequences of displacement? Of the 5.1 million
experienced workers identified as displaced in the January 1984 BLS survey, a
sizable portion—l.6 million—did not receive unemployment benefits.
Moreover, nearly 50 percent of the 3.5 million experienced workers who
received benefits had exhausted them by January 1984. About 60 percent of the
workers still unemployed in January 1984 who were covered by health
insurance in their previous jobs (a total of 1 million) had lost health insurance
coverage.

The median ratio of earnings in new jobs to earnings in previous jobs for
displaced workers who previously were full-time workers and eventually found
other full-time employment (59 percent of blue-collar and 65 percent of white-
collar workers in the 1984 survey) in Podgursky's sample was 93 percent for
blue-collar workers and 99 percent for white-collar workers (Podgursky, 1987).
This median disguises considerable variance, however, as 30 percent of blue-
collar workers and 24 percent of white-collar workers found jobs that paid less
than 75 percent of the wages they received in their previous jobs. For
experienced workers previously employed in durables manufacturing who were
displaced during 1979-1983, median weekly earnings declined by more than 20
percent, from $344 to $273 (Flaim and Sehgal, 1985). Many displaced workers
thus face considerable income losses as a result of layoffs, although they may
own substantial assets (primarily homes).

Data from the 1984 BLS survey (Flaim and Sehgal, 1985) suggest that the
goods-producing sector accounted for the majority of displacements (60
percent), although it employed less than one-third of the total U.S.
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work force. Durables manufacturing, with 12 percent of nonfarm employment,
accounted for 33 percent of total displacements.

The majority of displacements during 1979-1983 occurred in blue-collar
occupations—specifically, among operators, fabricators, and laborers (Flaim
and Sehgal, 1985; Podgursky, 1987).11 Displaced workers tended to be younger
and were more likely to be female or black than employed workers. The
duration of unemployment was positively associated with age: older displaced
workers experienced longer periods of unemployment. Race was the single
most significant characteristic in explaining the duration of displacement;
displaced black workers endured significantly longer periods of unemployment
(Podgursky, 1987).

Few studies of displaced workers analyze the relationship between
education and displacement. Those that do (e.g., Flaim and Sehgal, 1985) have
found that better-educated workers fare better after layoffs. According to Flaim
and Sehgal (1985), "about 75 percent of those who had been in managerial and
professional jobs were back at work when interviewed [in the BLS survey of
January 1984]. In contrast, among the workers who had lost low-skill jobs as
handlers, equipment cleaners, helpers, and laborers, less than one-half were
working in January 1984" (p. 6). Podgursky (1987) also found that higher
educational attainment was associated with shorter spells of unemployment
after displacement.

The evidence that higher levels of skill are associated with shorter
unemployment is significant in view of the fact that many displaced workers
have serious deficiencies in basic skills. Bendick (1982) found that 34 percent
of those workers from declining industries who were unemployed for 8 weeks
or more did not have high school diplomas. Moreover, 49 percent of workers
with such limited educational attainment were functionally illiterate. The U.S.
General Accounting Office (1987a), citing unpublished data from the January
1984 BLS survey, reported that 32 percent of the dislocated workers
unemployed as of January 1984 were high school dropouts and thus may have
had serious basic skills deficiencies.

Among the causes of recent worker displacement, domestic technological
change appears to be a relatively minor factor. Although the 1984 and 1986
surveys of displaced workers did not determine the causes of worker
displacement, a 1986 U.S. General Accounting Office (GAO) study did pursue
this question. GAO surveyed approximately 400 establishments to assess the
reasons for plant closures and permanent layoffs, the events

11 The census category of "operators, fabricators, and laborers" includes machine
operators; assemblers; inspectors; welders; motor vehicle operators; operating engineers;
freight, stock, and equipment movers; and general laborers. For a complete list of the
detailed occupational categories included in blue-collar employment, see U.S. Bureau of
the Census. 1980, pp. xvi-xviii.
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responsible for most worker displacement. The most significant cause of these
events, cited by 70 percent of the respondents, was reduced product demand.
Increased competition, high labor costs, and the high value of the U.S. dollar
accounted for 69, 57, and 32 percent, respectively, of the responses. Those
causes of displacement that appeared to be directly related to technological
change—facility obsolescence and production automation—accounted for 23
percent (10th out of 14 causes) and 16 percent (12th out of 14), respectively, of
the responses.

Although these GAO data are subject to recall bias and differing
interpretations of the meaning of the various causes of layoffs and closures,
they suggest that technological change is not one of the primary causes of
worker displacement. Nonetheless, technological change in foreign firms or
nations often underpins trade-related displacement. When we view the issue in
such global terms, it increases the likelihood that technological change in other
nations may play a significant role in the displacement of American workers.

Although technological displacement is not a large problem for the U.S.
economy in the aggregate, for those workers experiencing prolonged
unemployment, the financial and emotional costs of technological displacement
are enormous. We believe that the costs of displacement, regardless of its cause,
are often so high that ameliorative policies are needed. (See Chapter 7 for a
discussion and critique of current public policies for displaced workers;
Chapter 10 presents policy recommendations and options for adjustment
assistance for displaced workers.)

TRENDS IN LABOR SUPPLY

Long-Term Growth

Labor Force Growth, 1947-1986

The supply of labor in the economy is an important influence on aggregate
unemployment. Periods of rapid growth in the labor supply, other things being
equal, will exhibit higher rates of unemployment.12 The level of aggregate
unemployment in turn strongly affects the ease with which displaced workers
find new jobs, which influences the duration of unemployment they face and
the level of wages associated

12 Leonard (1986) notes that during a period of rapid growth in the labor force
(1979-1982) in Wisconsin, an average annual rate of decline in employment of less than
1.2 percent doubled the state's unemployment rate in 3 years, from 5 percent in 1979 to
10 percent in 1982.
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with reemployment. The employment prospects of labor force entrants also are
affected by conditions of labor supply and demand. Trends in labor supply thus
are important to predicting the ease with which labor markets adjust to the
adoption of new technologies.

Figure 3-1
U.S. noninstitutional population 16 years of age and older and the civilian
labor force, 1947-1995. Source: President's Council of Economic Advisers
(1987) and U.S. Bureau of Labor Statistics (1986b).

The U.S. civilian labor force13 grew at an average rate of 1.9 percent per
year during 1947-1986, whereas the civilian noninstitutional U.S. population 16
years of age and older14 grew 1.6 percent per year (Figure 3-1). Labor force
growth was higher than the rate of growth of the U.S. population during this
period due to the entry of the baby boom cohort into the labor force, as well as
to increases in the proportion of the female population active in the labor force.
During 1970-1986, the U.S. civilian labor force grew by 2.3 percent per year on
average, compared with a growth rate of 1.7 percent per year for the civilian
noninstitutional population (President's Council of Economic Advisers, 1987).

13 The civilian labor force consists of individuals, excluding members of the active-
duty armed forces, 16 years of age and older who are employed or seeking employment.

14 This population excludes individuals in prisons, hospitals, and mental institutions.
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Projected Growth, 1984-199515

The U.S. Bureau of Labor Statistics (1986b) computes projections of labor
force growth by forecasting labor force participation rates and applying those
rates to the Census Bureau's population projections. BLS's projections for
"low," "moderate," and ''high" rates of labor force growth are based on different
assumptions about the characteristics of the population and the labor force. The
"moderate" projections indicate that the total civilian labor force will grow
much more slowly in the future by comparison with 1970-1984. Projected
average annual growth rates in the labor force—that is, rates of growth in the
supply of labor—are 1.3 percent during 1984-1990 and 1 percent during
1990-1995, substantially below the rate during 1970-1984. The corresponding
projected annual growth rates for the civilian population are 0.9 percent for
1984-1990 and 0.8 percent for 1990-1995. Labor force growth rates are
projected to remain higher than population growth rates because of continued
growth in labor force participation.

The most dramatic change forecast for 1984-1995 is the 16 percent
reduction in the size of the 16- to 24-year-old entrant cohort, from 24 million in
1984 to 20.2 million in 1995 (U.S. Bureau of Labor Statistics, 1986b).16 This
cohort also will experience minimal change in gender and racial composition
between 1984 and 1995. Although women and minorities account for
approximately 75 percent of the projected growth in the labor force through
1995 (Figure 3-2), the total projected growth in the labor force during
1984-1995 of approximately 14 percent is not large enough to cause significant
changes in the gender or racial composition of the overall work

15 The most recent detailed 1995 labor force projections of the U.S. Bureau of Labor
Statistics (1986b) use 1984 as the base year.

16 The projected declines in the pool of labor force entrants have raised concerns about
the adequacy of the future supply of scientists and engineers to meet the economic and
technological challenges faced by this nation. Both the supply of and demand for
scientists and engineers are influenced by a wide range of variables, however;
consequently, they exhibit considerable flexibility and responsiveness. It is therefore not
clear that a reduction in the number of 18- to 24-year-olds will result in a decline in the
number of engineers and scientists. Immigration flows, increases in college enrollments
among older members of the population, and changes in the share of the population with
science and engineering undergraduate degrees that become practicing members of these
professions (a decision influenced heavily by salary outlooks) can all offset the impact of
declines in the size of the entrant pool (U.S. Congress, Office of Technology
Assessment, 1985a). In addition, as the National Research Council's Panel on
Engineering Labor Markets (1986) noted, employers can adjust to changes in the supply
of scientific personnel in many ways, thus enhancing the flexibility of the overall system.
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force.17 Overall, the gender and racial composition of the 1995 labor force will
closely resemble that of the 1984 labor force (Table 3-2). In 1995, BLS projects
that nonwhites (a category that includes blacks, Asians, and nonwhite
Hispanics) will account for roughly 15 percent of the labor force, a modest
increase from their current share of 13 percent.

Figure 3-2
Composition of 1984-1995 labor force growth.
Source: U.S. Bureau of Labor Statistics (1986b).

The BLS projections incorporate very conservative estimates of the annual
flow of illegal immigrants. If this source of labor continues to grow, the BLS
projections of labor force growth may be low; however, the labor market
impacts of such immigration should be significant in a few regions, rather than
nationally. The reductions in labor force growth projected by BLS should lessen
the labor market pressures that have been partly responsible for high rates of
aggregate unemployment during the past decade. Structural and cyclical
unemployment, however, will not vanish; as we note in Chapters 4 and 5, those
workers who lack basic skills—whether they are labor force entrants or
experienced workers who have been displaced—are likely to face employment
problems in the future. One indicator of basic skills preparation is educational
attainment.

17 The share of 1984-1995 labor force growth accounted for by women and minorities
(75 percent) is an increase over 1970-1980, when women and minorities accounted for
approximately 65 percent of labor force growth (U.S. Bureau of the Census, 1987, Table
639). The projected change is largely due to an increase in the share of nonwhite men
and women, accompanied by a decrease in the share of white men.
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TABLE 3-2 Composition of Labor Force by Gender and Race (percent), 1984 and
1995
Civilian Labor Force Year Change in Share

1984 1995a

Men 56.2 53.6 -2.6
Women 43.8 46.4 2.6
White 86.7 85.2 -1.5
Men 49.4 46.4 -3.0
Women 37.4 38.9 1.5
Nonwhite 13.3 14.8 1.5
Men 6.8 7.3 0.5
Women 6.4 7.5 1.1

NOTE: Percentages may not total 100 due to rounding.
a Projected values.
Source: U.S. Bureau of Labor Statistics (1986b).

We discuss current levels of attainment in the U.S. work force and
projected future trends next.

Educational Attainment of the U.S. Labor Force, 1959-1990

Table 3-3 depicts changes in the educational attainment of the civilian
labor force since 1959. The median number of school years completed has
increased only slightly: from 12 years in 1959 to 12.8 years in 1986.

TABLE 3-3 Educational Attainment (percent) of the Civilian Labor Force for
Selected Years, 1959-1986
Year Total No.

of Workers
Less Than
High
School
Graduate

High
School
(4 Years)

College Median No.
of School
Years
Completed

1-3
Years

4+
Years

1959 65,842 50.3 30.7 9.3 9.6 12.0
1970 78,955 34.8 39.0 13.3 12.9 12.4
1975 92,328 29.3 39.6 15.5 15.7 12.5
1980 105,449 23.8 40.1 17.9 18.2 12.7
1984 111,943 19.5 40.7 19.0 20.9 12.8
1985 114,256 19.2 40.2 19.5 21.1 12.8
1986 116,087 18.5 40.4 19.9 21.3 12.8

NOTE: These data include members of the labor force who are enrolled in school.
Source: U.S. Bureau of Labor Statistics (1985b, Table 61); U.S. Bureau of Labor Statistics, Office
of Employment and Unemployment Statistics (1985, 1986).

LABOR SUPPLY AND DEMAND WITHIN THE U.S. ECONOMY 65

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Technology and Employment: Innovation and Growth in the U.S. Economy
http://www.nap.edu/catalog/1004.html

http://www.nap.edu/catalog/1004.html


The data, however, suggest considerable shifts during this period in the
distribution of educational attainment within the work force. The share of the
labor force without a high school degree declined from 50.3 percent in 1959 to
18.5 percent in 1986; the share with at least a college degree more than doubled.
These changes are particularly noteworthy in view of the dramatic growth in the
labor force during 1959-1986. Much of the increase in median educational
attainment reflects the entry into the work force of younger, more highly
educated individuals combined with the retirement of older workers with lower
levels of educational attainment (Barnow, 1985). In view of the evidence cited
earlier in this chapter suggesting that better-educated workers experience
shorter periods of unemployment after job loss, these data support guarded
optimism about the ability of the U.S. labor force to adjust to future
technological change.

Other data reveal significant gender-based and racial differences in
educational attainment. According to BLS, 20.3 percent of the male labor force
had not completed high school as of 1986, a proportion slightly larger than the
16.1 percent of the female labor force lacking a diploma. Men exhibited higher
levels of postsecondary educational attainment in 1986; 42 percent of men had
attended college for at least 1 year, versus 40.2 percent of women in the labor
force. Blacks and Hispanics continued to lag behind whites in educational
attainment. In 1986, 73.9 percent of the black members of the labor force and
56.8 percent of Hispanics had high school diplomas; both of these figures are
substantially lower than the 82.4 percent of white members of the labor force
with diplomas. In addition although 22 percent of white labor force members
had completed at least 4 years of college, only 12.3 percent of blacks and 8.9
percent of Hispanics had done so. Nonetheless, the educational gap between
black and white members of the labor force has narrowed significantly since
1959; in that year only 25.5 percent of blacks in the labor force had completed
high school, a figure well below the 52.6 percent of white workers with high
school degrees (U.S. Bureau of Labor Statistics, Office of Employment and
Unemployment Statistics, 1986; U.S. Bureau of Labor Statistics, 1985b).

Projections of future levels of educational attainment are subject to
considerable uncertainty and are heavily influenced by gender-based, racial, and
ethnic differences in educational attainment and by changes in these attainment
levels. Barnow (1985) used the BLS labor force projections for 1990 to forecast
changes in the educational attainment of different groups within the labor force
through that year. Barnow, whose projections incorporated changes in
educational attainment levels in male and female workers, forecast that in 1990
86.2 percent of adult (25-64 years old) male workers would have a high school
diploma,
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slightly lower than the 89.5 percent of female workers with diplomas. As in
1984, the postsecondary educational attainment levels of male workers were
projected to exceed those of female workers, with 26.7 percent of adult male
workers and 22.8 percent of female workers having college degrees.

It is difficult to extend this analysis of educational attainment to 1995 and
broaden it to incorporate changes in the racial composition of the work force
because of the lack of data to support projections of changes through 1995 in
the educational attainment levels of white and nonwhite workers or of men and
women. (Barnow's projections end in 1990 and are not broken down by race.)
However, projections of the 1995 educational attainment of the U.S. labor force
that hold current levels of attainment constant among men and women and
white and nonwhite workers suggest that changes in the racial or gender
composition of the future U.S. work force will have a minimal impact on
aggregate levels of secondary or postsecondary educational attainment.18 The
changes in aggregate attainment levels due to changes in labor force
composition are modest because the U.S. labor force is projected to grow
relatively slowly through 1995. Although the 1984-1995 cohort of labor force
entrants is projected to include a larger share of women and minorities than did
the 1970-1980 cohort, as was noted above, these projected changes in the
composition of the entrant cohort imply minimal change in educational
attainment levels for labor force entrants through 1995.

Although average levels of educational attainment in the U.S. labor force
are not likely to change dramatically in the near future, educational attainment
appears to be increasingly significant to the economic welfare of an individual.
Census data on individual incomes (Table 3-4) reveal that the economic returns
from schooling, measured as the differences in median annual incomes for
individuals with different educational attainment levels, increased during
1973-1984, especially for men and women between the ages of 25 and 34 (these
data are discussed in greater detail by Levy, 1987).19 Measured in constant
dollars, the ratio of the median annual income for males between 25 and 34 who
completed high school to the median annual income of males who completed
only 1-3 years of high school grew by more than 25 percent during 1973-1984
and registered a comparable gain for women. With the exception of high school
completion for women over 25 years of age, large increases are apparent between

18 These projections combine data from BLS on forecast labor force growth and
composition with data from the CPS on current educational attainment rates.
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19 The effects on incomes of slow economic growth, high inflation, and a rapidly
expanding labor force are also revealed in the consistent declines in median annual
earnings during 1973-1984 in all groups in Table 3-4.
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1973 and 1984 in the income effects of greater educational attainment in all of
the comparisons in Table 3-4.20 These increases reflect the fact that changes in
the structure of the economy, new technology, and increased international
competition have expanded the returns to individuals (in terms of income) from
higher educational attainment, especially within the cohort that entered the
labor force during the 1970s. Such gains, however, also mean that continuing
racial or ethnic differences in educational attainment will widen the economic
gaps among these groups in the U.S. economy.

TABLE 3-4 Education and Median Individual Total Money Income, 1973 and 1984
(in 1982 dollars)
Group 1-3 Years

of High
School
(A)

4 Years
of High
School
(B)

4 Years of
College
(C)

Ratio
(B/A)

Ratio
(C/A)

Ratio
(C/B)

Men 25+
years old
1973 17,383 21,839 28,103 1.26 1.62 1.29
1984 11,590 17,414 26,093 1.50 2.25 1.50
Women 25
+ years old
1973 5,718 8,004 12,528 1.40 2.19 1.57
1984 5,142 7,252 12,622 1.41 2.45 1.74
Men
25-34
years old
1973 17,032 20,470 23,681 1.20 1.39 1.16
1984 10,081 15,754 21,759 1.56 2.16 1.38
Women
25-34
years old
1973 6,270 7,954 13,196 1.27 2.10 1.66
1984 4,526 7,375 13,228 1.63 2.92 1.79

NOTE: Dollar amounts were adjusted using the implicit price deflators for personal consumption
expenditures (President's Council of Economic Advisers, 1987, Table B-3).
Source: U.S. Bureau of the Census (1975, Table 58; 1986, Table 33).

Comparing the Educational Attainment of U.S. Labor
Market Entrants with Those of Other Nations

The importance of international trade and competitiveness to U.S. living
standards, as well as the evidence that other nations may be developing and
adopting some new technologies more rapidly than U.S. firms, draws attention
to the relative levels of educational attainment of the U.S. and foreign labor
forces. How does the educational attainment of

20 Increases in the returns from college education during this period were partially
offset by increases in the direct costs of a college education.
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the U.S. labor force compare with that of the labor forces of other industrial
nations? There are few reliable data on the educational attainment of the overall
labor force in other industrial nations. For this reason, as well as the importance
of labor force entrants' attainment for the projection of future trends in
attainment levels, we present comparative data only on entrants in seven other
industrial nations.

It is difficult to develop international comparisons of levels and trends in
educational attainment because educational systems and policies differ
markedly across nations. Consider the provision of education and training after
the completion of compulsory schooling. Higher education and training in
countries such as Japan, the United States, and Canada follow the ''schooling
model" in which such offerings are integrated into the formal educational
system. Other countries—for example, West Germany—follow the "dual
model," which is characterized by a strong and highly developed apprenticeship
sector. The ''mixed model," found in the United Kingdom, places greater
emphasis on the informal sector (on-the-job training outside of an
apprenticeship system) for education and training beyond the compulsory level.

Table 3-5 shows the rates of enrollment in education and training by age
(ages 16-19) for several countries. To minimize the differences across the
various models, both full-time and part-time participants are included. In all of
the countries included in the table, more than two-thirds of the 16-year-olds are
in some form of secondary or postsecondary education and training; in four
countries the proportion is above 90 percent. For those countries following the
schooling model (e.g., the United States), the sharpest drop in participation rates
occurs between the ages of 17 and 18, corresponding to the change from
secondary to postsecondary education. For countries following the dual model
(e.g., West Germany), the distinction between full-time and part-time
participants becomes particularly important, depending on the weight assigned
to apprenticeship programs. In such countries the bulk of the 16- to 19-year-old
age group attends school on a part-time basis.

The United States has the largest percentage of 16- and 19-year-olds
enrolled in full-time education; the rates for 17- and 18-year-olds are second
only to Japan and the Netherlands, respectively. Individuals entering higher
education both within and outside of the formal university structure account for
a larger share of the relevant cohort in the United States (60 percent) than in any
other nation for which data are available (Organisation for Economic Co-
operation and Development, 1984).

Although certain educational gaps between the United States and other
nations have narrowed in recent years, the United States remains among those
countries with the highest levels of participation in secondary and
postsecondary education and training. There are only limited data to
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support assessments of the quality of the education received by U.S. labor force
entrants. Recent time series evidence, in the form of scores on standardized
tests, suggests that the quality of the educational preparation of entrants may
increase in coming years. Since the 1970s successive cohorts of children
entering school have scored higher on standardized tests. By some measures,
achievement in elementary grades is at its highest level in three decades.21 In
addition, although the gaps in test scores between minority and nonminority
groups remain large, they are narrowing. College test scores remain low, but
they may

TABLE 3-5 Enrollment Rates (percent) in Education and Training, 16- to 19-Year-
Olds, for Eight Industrial Nations
Country 16-year-olds 17-year-olds 18-year-olds 19-year-olds

PT FT PT FT PT FT PT FT
Francea 83.9 73.3 68.9 60.0 45.2 42.2 30.0 29.4
West Germanya 92.1 57.3 89.3 38.9 71.5 29.6 41.8 21.3
Italyb 69.1 54.5 70.3 47.4 51.3 36.2 29.4 18.5
Japanc 94.0 94.0 94.0 94.0 n.a. n.a. n.a. n.a.
The Netherlandsd 97.8 92.0 84.7 74.8 62.8 53.4 43.9 34.6
Swedene 87.4 86.7 78.4 76.7 44.7 40.3 23.5 16.9
United Kingdoma 68.0 48.3 52.8 30.2 37.0 16.5 28.5<f 13.4
United Statesg 94.3 94.3 87.1 86.6 54.7 51.2 40.9 37.3

NOTE: FT = full-time enrollment; PT = part-time enrollment; n.a. = not available.
Source: Organisation for Economic Co-operation and Development (1985).
a The last year for which data are available is 1981.
b Higher education is not included, but regional vocational training is included. The last year for
which data are available is 1981.
c Statistics are from the Ministry of Education; data are for 1980. Figures refer to the proportion of
young people completing lower secondary education (approximately 99 percent of the cohort) who
continue at the upper secondary level. Participation rates for 17-year-olds are similar to those of the
16-year-old group given the very low dropout rate in Japan.
d Data are for 1982.
e These figures include the different types of adult education; data are for 1980.
f The figure includes both 19- and 20-year-olds.
g Data are for 1982.

21 Test score data for the state of Iowa provide annually standardized data extending
over three decades. Data from 1984 suggest that the median 3rd grader (the 50th
percentile) scored better than roughly 68 percent of his or her counterparts in 1954
(Congressional Budget Office, 1986). Although Iowa is not representative of the nation
as a whole, these state-level findings are corroborated by the results of the Congressional
Budget Office's analysis of a much wider range of tests.
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also increase as the cohorts with higher test scores move through high school
(Congressional Budget Office, 1986). Nevertheless, although this evidence
suggests that future U.S. entrants to the labor force may have better basic skills
than those who are currently seeking employment, other evidence indicates that
other nations' labor force entrants currently are better prepared in such skills.
McKnight et al. (1987) and Lee et al. (1987) suggest that the quality of basic
skills training in the United States lags behind that of other industrial nations
such as Japan.

LABOR DEMAND

The level of demand for labor in the United States is determined primarily
by the rate of growth of the entire economy, which in turn is affected by a wide
range of influences including government policy, external "shocks" (e.g., the oil
price increases of 1973 and 1979), and business cycle fluctuations.
Technological change has little impact on aggregate labor demand. At the level
of individual sectors or industries, however, the demand for labor is affected by
the rate of growth in output and the level of wages, both of which may be
influenced by technological change. As was noted previously, by reducing the
cost of output, domestic technological change often contributes to increased
domestic and international demand for output, offsetting all or much of the
impact on labor demand of any reductions in the amount of labor required per
unit of output that result from the use of new technology. In some cases,
however, technological change may reduce U.S. employment. U.S. industries in
which rates of technological change, productivity growth, and output cost
reduction lag behind those of foreign firms may experience employment losses
as U.S. firms lose export markets and domestic sales to the products of foreign,
technologically superior competitors. Significant lags in U.S. technological
performance therefore may contribute to erosion in employment and wages.

As we noted in Chapter 1, an alternative means of reducing the cost and
price of U.S. goods is reductions in U.S. wages, which can occur through cuts
in the dollar value of U.S. real wages or by reductions in the value of the dollar
in relation to foreign currencies. These alternatives, of course, may reduce the
standard of living in the United States. Moreover, as rapid rates of international
technology transfer continue, the level of technological sophistication within
relatively low-wage nations will increase—which means that, in the absence of
technological change, U.S. wage cuts or dollar devaluations will have to be
significant for this nation to compete successfully with other countries.
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TABLE 3-6 U.S. Postwar Productivity Growth (percent) in the Nonfarm Business
Sector (average annual growth rates in output/hour)
Sector 1948-

1985
1948-
1957

1957-
1966

1966-
1973

1973-
1979

1979-
1985

Nonfarm business 1.8 2.5 2.8 1.8 0.5 0.8
Manufacturing 2.6 2.7 2.9 2.7 1.4 3.1
Nonfarm, 1.5 2.3 2.7 1.3 -0.1 -0.1
nonmanufacturing

Source: Calculated from unpublished data, U.S. Bureau of Labor Statistics, Office of Productivity
and Technology.

Growth in Labor Productivity and Output

Labor productivity growth provides one index of the rate of technological
change within an economy. This measure admittedly is imperfect, as Chapter 2
noted; technological change need not be laborsaving in character (and thus an
agent of labor productivity enhancement), and other important nontechnological
influences (e.g., changes in the scale of production establishments, the rate of
capital formation, improvements in the education of the work force) also affect
the rate of advance in labor productivity. Nevertheless, this datum provides a
crude index of the rate at which technological change is spreading throughout
the economy. As the summary of this chapter and Chapter 4 discuss at greater
length, growth in labor productivity, which frequently results from
technological change, supports growth in real wages and international
competitiveness.

Aggregate productivity growth, which is the weighted average of labor
productivity growth in different sectors of the economy (weighted by the
sectors' shares of total output), has remained below the average rates of the
1950s and 1960s during most of the 1970s and 1980s. Table 3-6 presents
growth rates in nonfarm labor productivity over five postwar intervals,
beginning and ending at comparable points in the business cycle. These figures
show high rates of productivity growth during 1948-1966, which were followed
by a decline during 1966-1973, further serious deterioration during 1973-1979,
and a modest recovery during the most recent business cycle (1979-1985).

Consistent with the discussion in Chapter 2, recent productivity growth
trends do not support the hypothesis that domestic technological change has
accelerated in the overall economy. Moreover, trends in labor productivity
growth and unemployment strongly suggest that, consistent with the previous
discussion of the effects of technological change on employment, productivity
growth is not associated with higher aggregate unemployment. Figure 3-3
displays annual rates of productivity growth in
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the nonfarm business sector, along with annual unemployment rates, in 3-year
moving averages (to reduce the effects of business cycles on long-run trends)
for 1949-1985. Throughout the post-1949 period, but especially after 1973, the
trends in these two series diverge—unemployment has climbed, whereas
productivity growth has declined. Baumol (1986) presents similar data for
longer time periods.

Figure 3-3
Percentage change in output per hour (labor productivity growth) and the
annual unemployment rate, 3-year moving averages, 1949-1985. Source:
President's Council of Economic Advisers (1986).

Table 3-6 also distinguishes trends in manufacturing labor productivity
from those in nonmanufacturing and shows that rates of labor productivity
growth in manufacturing and in nonmanufacturing have behaved quite
differently in recent years. U.S. productivity in the nonmanufacturing sector
began to decrease during 1966-1973; during the 1973-1979 business cycle,
deterioration in productivity growth occurred within both sectors. During the
most recent business cycle (1979-1985), productivity growth rates have
increased only in manufacturing. Thus, much of the slowdown in measured
U.S. productivity growth that has occurred during the last two decades is
located within nonmanufacturing industry.

Two important points must be noted in any discussion of productivity
trends. The first concerns the difficulty of measuring productivity in the
nonmanufacturing sector of the economy. The data in Table 3-6, which suggest
that productivity growth in the nonmanufacturing sector has been
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low, conflict with anecdotal evidence from industries such as financial services
in which product innovation and productivity growth, much of which are based
on information and computer technologies, appear to be considerable. If product
innovation has in fact been particularly rapid in financial services,
telecommunications, and other nonmanufacturing industries in recent years, the
quality of productivity data for these industries may have declined because of
the problems posed by product innovation for the measurement of output and
productivity (see Chapter 2). An unknown portion of the low productivity
growth measured in nonmanufacturing industry also may reflect problems of
measuring inputs and outputs in this sector. Finally, the quality of employment
and output data for the service industries is impaired by the classification
schema used for these data (Kendrick, 1986; Marimont and Slater, 1986; see
also Chapter 8). Rates of productivity growth in the nonmanufacturing sector
thus may be understated in the available public data.

A second important point concerns the lack of explanations for the general
decline of productivity growth rates in the United States and in other industrial
nations since the early 1970s. Despite extensive research (summarized in Baily,
1986, and Wolff, 1985), there is no widely accepted explanation for the
post-1973 decline. Studies have considered lower investments in R&D or
physical capital, intersectoral shifts in labor between manufacturing and
nonmanufacturing, government regulation, and lower labor force quality as
contributors to changing productivity growth rates, but most analysts have yet
to accept any one factor or combination of factors as a satisfactory explanation.
In addition, although foreign productivity growth rates typically have exceeded
U.S. performance, all industrial nations have experienced declines in
productivity growth rates since 1973 (U.S. Bureau of Labor Statistics, 1986c).
Many of the causes of slower productivity growth therefore are not unique to
the United States but have affected all industrial nations.

Changes in the Sectoral Composition of Output and
Employment

The top portion of Table 3-7 gives the share of total private nonfarm
business output accounted for by each of 12 major U.S. economic groups during
1948-1985. The manufacturing sector's share ("Durables" and "Nondurables")
of total output has been remarkably constant throughout this period—in 1948, it
was 27.9 percent; in 1985, it stood at 28 percent. The table also highlights the
growth during this period in the shares of total output for the finance, insurance,
and real estate group, which increased from 9.5 to 11.3 percent; for the services
group (including business and health services), which increased from 10.7 to 15
percent;
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and for the communication services group, which grew from 1.1 to 3.5 percent.

TABLE 3-7 Percentage of U.S. Gross Domestic Product Originating in Industry Group

Group 1948 1957 1966 1973 1979 1985
Durables 17.0 17.8 18.5 17.8 17.2 17.2
Nondurables 10.9 10.6 11.0 11.5 11.1 10.8
Mining 8.5 8.2 6.8 6.3 5.3 4.7
Construction 10.6 12.2 11.5 8.0 7.0 5.8
Transportation 9.0 6.4 5.8 5.6 5.6 4.5
Communications 1.1 1.4 1.7 2.4 2.9 3.5
Utilities 1.6 2.4 2.8 3.5 3.4 3.7
Wholesale trade 6.5 6.9 7.6 8.6 8.8 9.6
Retail trade 12.4 12.3 11.8 12.1 11.9 12.3
FIRE 9.5 10.2 10.1 10.9 11.8 11.3
Services 10.7 9.7 10.5 11.8 13.3 15.0
Gov't. enterprises 2.3 1.8 1.8 1.6 1.6 1.6
Growth Rates (percent) of Gross Domestic Product
Originating in Group
Group 1948-

1957
1957-
1966

1966-
1973

1973-
1979

1979-
1985

1948-
1966

1966-
1985

1948-
1985

Durables 4.0 4.5 2.7 1.9 2.1 4.3 2.3 3.2
Nondurables 3.2 4.5 3.9 1.9 1.6 3.8 2.6 3.2
Mining 3.2 2.0 2.1 -0.4 0.1 2.6 0.7 1.6
Construction 5.1 3.5 -1.9 0.3 -1.3 4.3 -1.0 1.6
Transportation -0.2 2.9 2.8 2.6 -1.4 1.3 1.4 1.4
Communications 6.8 6.3 7.8 6.0 5.0 6.5 6.3 6.4
Utilities 8.5 5.8 6.4 1.8 3.5 7.2 4.0 5.5
Wholesale trade 4.1 5.1 5.1 3.0 3.4 4.6 3.9 4.2
Retail trade 3.4 3.6 3.6 2.4 2.6 3.5 2.9 3.2
FIRE 4.4 3.9 4.4 3.8 1.4 4.1 3.3 3.7
Services 2.5 4.9 4.9 4.6 4.0 3.7 4.5 4.1
Gov't.
enterprises

0.8 4.1 1.6 2.5 1.7 2.4 1.9 2.2

Total 3.5 4.0 3.3 2.5 2.0 3.8 2.7 3.2

NOTE: Gross domestic product calculations based on constant 1982 dollars. FIRE = Finance,
insurance, and real estate.
Source: Calculated from U.S. Bureau of Labor Statistics, Office of Productivity and Technology,
unpublished data developed by BLS from Department of Commerce (Bureau of Economic Analysis
national income and product account data and the Federal Reserve) Index of Industrial Productivity
for Durable and Nondurable Manufacturing.

The bottom portion of the table shows the rates of growth in the output of
each of these groups. Two conclusions are obvious. Output growth rates in most
groups were higher during 1948-1966 than during 1966-1985. Slower
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aggregate output growth during 1966-1985, combined with rapid growth in the
labor supply, contributed to higher aggregate unemployment during this period.
The second conclusion concerns the relative rates of output growth in the
manufacturing and nonmanufacturing sectors. During 1948-1966, the rate of
growth of output for manufacturing was above the economy-wide average; it
fell below the average during 1966-1985. Output growth in most
nonmanufacturing industries (with the exception of mining, construction, and
transportation), on the other hand, remained strong after 1966.

Intersectoral differences in productivity growth, combined with
intersectoral differences in output growth, have affected the level of demand for
labor in the manufacturing and nonmanufacturing sectors of the U.S. economy.
Because sectoral employment growth is the difference between growth in
sectoral output and growth in sectoral productivity, these differences affect the
level of labor demand. Within the nonmanufacturing sector, low productivity
growth and rapid output growth (outside of mining, transportation, and
construction) have resulted in a strong demand for labor.

The manufacturing sector, on the other hand, has experienced a resurgence
of productivity growth since 1979 to levels comparable to or greater than those
of the 1950s and early 1960s. Slow growth in output, however, also has
characterized this sector since 1979 because of import penetration of U.S.
markets for manufactured goods and the slow growth or collapse of foreign
markets for U.S. manufactured exports. During 1980-1984 alone, Davis (1986)
estimated that declines in U.S. merchandise exports resulted in the loss of as
many as 1.8 million jobs, many of which were in manufacturing. According to
Davis (1986), "[E]xportrelated jobs accounted for 80 percent of the total
1980-1984 decrease in manufacturing employment [from 20.3 million in 1980
to 19.4 million in 1984]" (p. 92).22 Hight (1986) estimated that increased
imports during 1982-1984 cost nearly 800,000 U.S. jobs in mining and
manufacturing, 77 percent of which were in 14 (out of a total of 80)
manufacturing industries.23 Growth in demand for the output of U.S.
manufacturing from both domestic and foreign markets supported employment
growth during

22 Pollock and Almon (1986) also present data suggesting that the negative
employment impacts of increased imports and declining exports during 1980-1985
substantially exceeded those of technological change in all 35 of the manufacturing
industries they examined.

23 Apparel, motor vehicles, computers and office equipment, electronic components,
leather products, radio and television receivers, primary metals, radio and
communications equipment, industrial chemicals, furniture and fixtures, general
industrial machinery, electrical machinery, sawmills and planing, and basic steel.
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the 1970s, but the collapse of export markets and surging imports contributed to
declines in the rate of growth or reductions in the level of employment in many
manufacturing industries in the 1980s.

Manufacturing's share of U.S. private nonfarm employment has been
declining gradually since 1919. As U.S. Bureau of Labor Statistics (1985a)
figures show, during 1919-1948, this share declined from 44 percent to 40
percent; since 1948, the rate of decline has increased, particularly since 1966.
The rate of decline in employment within manufacturing, relative to the rest of
the private nonfarm economy, reached an average annual rate of 2 percent after
1966 and then increased to 3 percent per year during 1979-1985. Thus, the
share of private nonfarm employment accounted for by manufacturing stood at
36, 28, and 24 percent, respectively, in 1966, 1979, and 1985. Groups
registering the most dramatic gains in their shares of employment since 1966
include wholesale and retail trade, services, and finance, insurance, and real
estate. Despite these declines in its share of employment, manufacturing had
19.3 million employees in 1985, versus 19.2 million in 1966 (President's
Council of Economic Advisers, 1987, Table B-40). Growth in the
nonmanufacturing share of total employment since 1966 reflects more rapid
growth in this sector, rather than absolute declines in manufacturing
employment.

Since 1979 resurgent productivity growth and stagnant output growth in
manufacturing, combined with rapid output growth and stagnant productivity
growth in nonmanufacturing industry, have accelerated longstanding trends of
decline in the manufacturing sector's share of total employment. What role has
domestic technological change played in these trends? Certainly, the resurgence
in productivity growth within manufacturing must be taken as a partial indicator
of improved domestic technological performance. The reasons for this
resurgence, however, are no better understood than the reasons for the decline
in manufacturing productivity growth during 1973-1979. Moreover, improved
domestic productivity growth during 1979-1985 did not translate into growth in
manufactured exports and employment. In assessing the effect of productivity
growth on employment, we must also consider the reasons for the decline in
manufactured exports and growth in imports after 1980.

INTERNATIONAL TRADE, TECHNOLOGICAL CHANGE,
AND U.S. EMPLOYMENT

International Trade and Employment

Manufacturing industry is more exposed to international competition than
most other nonagricultural industries by virtue of the internationally
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"tradeable" character of its outputs.24 Manufactured exports currently dominate
U.S. nonagricultural exports, accounting for nearly $182 billion in 1984
(nonagricultural merchandise exports) and substantially exceeding total services
exports of $69 billion-$91 billion (President's Council of Economic Advisers,
1987, Table B-100; U.S. Congress, Office of Technology Assessment, 1986c).

Exports of manufactured goods also support numerous nonmanufacturing
jobs. The U.S. Department of Commerce's International Trade Administration
(1983) estimated that merchandise exports in 1982 (totaling $211 billion)
supported nearly 5 million jobs, of which more than 4 million depended on the
export of manufactured goods. Of these 4 million jobs, slightly more than one-
half, or 2.3 million, were located in manufacturing; 1.7 million jobs were in the
nonmanufacturing sector of the economy.

During 1979-1985, a number of factors were responsible for reduced U.S.
manufactured exports and increased U.S. imports of manufactured goods. These
influences included the appreciation of the U.S. dollar, which was associated
with the combination of large federal budget deficits and tight monetary policy
that characterized the U.S. economy in the early 1980s (Fieleke, 1984).
Appreciation of the dollar depressed the U.S. price of imports of foreign goods
while increasing the price of U.S. exports, all of which had a considerable effect
on the U.S. trade balance (Figure 3-4). Imports increased from $332 billion25 in
1980 to more than $521 billion in 1986; U.S. exports declined from $389 billion
in 1980 to $371 billion in 1986 (President's Council of Economic Advisers,
1987, Table B-20). Economic growth also was weak during the early 1980s in
many of the countries that are important U.S. export markets, thereby reducing
the possibilities for increased exports. Furthermore, the underlying
competitiveness of U.S. manufactured products, which is revealed in product
quality and price/performance characteristics, may have declined during the
past decade, as suggested in a number of studies (Finan et al., 1986; President's
Commission on Industrial Competitiveness, 1985); this issue is discussed in
greater detail below.

Technological Change and U.S. Exports

U.S. exports since 1945 from the manufacturing and nonmanufacturing
sectors alike have been goods whose production depended on large

24 Widespread application of information and other computer-based technologies,
however, is gradually changing the extent to which services—for example, business,
financial, and communications—can also be traded internationally.

25 All figures are in 1982 dollars.

LABOR SUPPLY AND DEMAND WITHIN THE U.S. ECONOMY 78

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Technology and Employment: Innovation and Growth in the U.S. Economy
http://www.nap.edu/catalog/1004.html

http://www.nap.edu/catalog/1004.html


investments in R&D and on skilled, relatively high-wage labor. Numerous
studies have documented a significant relationship between the high skill or
R&D content of manufactured products and the role of those products in U.S.
exports (see Gruber et al., 1967; Keesing, 1967). U.S. exports also are more
heavily dependent on R&D-intensive industries than are the exports of other
industrial nations (Organisation for Economic Cooperation and Development,
1986b). Bartel and Lichtenberg (1987), among others, argue that this nation has
specialized in the export of manufactured goods embodying advanced
technologies, the development and initial production of which are relatively
intensive in their use of skilled labor and scientific talent (for reasons noted in
Chapter 2). U.S. export-intensive industries are large employers of skilled and
professional labor when compared to all U.S. manufacturing industry (U.S.
Congress, Office of Technology Assessment, 1986b; U.S. International Trade
Commission, 1983). The Office of Technology Assessment (1986c) study of
international trade in services corroborates this analysis for the
nonmanufacturing sector; services exports tend to support high-wage, high-skill
employment in comparison to overall U.S. nonmanufacturing employment.

Figure 3-4
Changes in the U.S. trade balance and the value of the dollar, 1979-1986.
Source: President's Council of Economic Advisers (1987).

During the 1960s and 1970s, the manufacturing workers displaced by
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increased imports of foreign goods were employed in relatively low-wage, low-
skill jobs (Aho and Orr, 1981). As other nations continue to develop their
technological and manufacturing capabilities, lower-skill, lower-wage U.S.
manufacturing jobs will continue to be threatened. Moreover, the
nonmanufacturing sector will feel the effects of increased import penetration as
well; workers in that sector who are displaced because of increased imports are
also likely to be employed in relatively low-skill, low-wage jobs.

A significant difference between the 1980s/1990s and the 1960s/1970s is
that much low-wage foreign competition in manufacturing no longer is low-
productivity competition. In part because of more rapid rates of technology
transfer, as well as increased technological sophistication in many foreign
economies, production and product technologies in some industries within
many low-wage competitor nations now approach or exceed those of the United
States in quality and product sophistication. This changing international
environment is likely to increase the importance of investments by U.S. firms
and public institutions in the skills of the labor force and in the R&D necessary
to generate and adopt advanced technologies in both the manufacturing and
nonmanufacturing sectors.

The Competitiveness of U.S. Industry

In view of the importance of international trade for U.S. employment and
wages, recent signs of declining U.S. competitiveness are a cause for concern.
International industrial competitiveness—that is, the ability of U.S. products to
preserve or increase their share of international markets—subsumes a number
of factors, among them product quality (including technological sophistication
and design quality), product service, and price. As we noted in Chapter 1, a
great many nontechnological factors also affect competitiveness, including the
rate of domestic savings and capital formation, other nations' trade and financial
policies, and the exchange rate of U.S. and foreign currencies. Because the
appreciation of the U.S. dollar during 1980-1985 affected the price of U.S.
goods in international trade, regardless of changes in their quality, at least some
part of U.S. industry's competitiveness problems is related to the dollar's
behavior during the first half of the 1980s.

Other evidence, however, suggests that declining competitiveness in some
U.S. manufacturing industries predates the high dollar exchange rates of
1980-1985. Import penetration in 28 of 40 major U.S. manufacturing industries
increased during 1972-1982, a decade that spanned a period of undervalued as
well as overvalued U.S. dollars (President's Commission on Industrial
Competitiveness, 1985). In addition, the U.S.
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balance of trade in high-technology products, historically a U.S. export
stronghold, has been deteriorating since the late 1970s; the 1986 balance of
trade in these items yielded a deficit of $2.6 billion (based on unpublished 1986
data from the U.S. Department of Commerce, International Trade
Administration). According to Finan et al. (1986), much of the deterioration in
the U.S. high-technology trade balance reflects a combination of stagnant
exports of U.S. goods and increases of more than 40 percent in imports in some
sectors. In response to these trends, U.S. firms in several high-technology
industries, especially electronics, have moved a larger share of their production
to ''offshore'' locations:

This movement to offshore sourcing has developed especially rapidly with
respect to Hong Kong, Taiwan, Korea, and Singapore—what we designate
collectively here as the NICs [newly industrializing countries]. U.S. firms are
sourcing subassemblies from low-labor-cost countries where usually the
exchange rate has moved favorably—that is, where the dollar has remained
relatively strong. As a result of U.S. firms' sourcing decisions, the trade
balance with the NICs has deteriorated significantly. (p. 31)

Sanderson (1987) and others (e.g., Cyert, 1985), however, argue that
widespread adoption of new computer-based manufacturing technologies within
U.S. manufacturing, as well as the increasing competitive importance of shorter
product development cycles, may reduce the attractiveness of offshore
manufacturing for many U.S. firms in the future. The benefits of offshore
manufacturing also should be reduced by declines in the foreign exchange value
of the U.S. dollar from the levels it achieved in 1984 and 1985.26

Unit Labor Costs in U.S. and Foreign Manufacturing,
1950-1985

Technological change and productivity growth can accelerate output
growth by enhancing the competitiveness of U.S. industry. As stated in
Chapter 1, because productivity and output growth are linked in an open
economy, growth in productivity within U.S. manufacturing, which reduces the
labor costs of U.S. products, can reduce the price of U.S. manufactured goods in
overseas markets. Reduced prices in turn lead to

26 Caterpillar, Inc., which manufactures earthmoving equipment, increased offshore
production from 19 percent of total sales in 1982 to 25 percent in 1986; it also increased
its use of foreign sources of parts and components by a factor of four. The declining
foreign exchange rate of the U.S. dollar sharply reduced the profitability of this strategy
and contributed to the firm's loss of $148 million in the fourth quarter of 1986 (The
Economist, April 4, 1987).
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expanded U.S. exports of manufactured goods and reductions in U.S. imports.
Conversely, if technological change and productivity growth in U.S.
manufacturing industry fall sufficiently behind those of our trading partners,
markets for U.S. products will shrink. Nevertheless, the higher productivity
growth in U.S. manufacturing after 1979 largely failed to improve, and occurred
simultaneously with dramatic declines in, U.S. trade performance. This section
examines one explanation for the disjunction of U.S. productivity and trade
performance after 1980.

Table 3-8 summarizes the price dimensions of international
competitiveness and the contributions of productivity growth to the price
competitiveness of U.S. manufacturing. The table shows changes in unit labor
costs for the manufacturing sectors of other industrial nations relative to those
of the United States. Unit labor costs measure the labor cost per unit of output
of manufacturing industry; they grow with increases in the nominal wage of
manufacturing labor. Productivity growth offsets the effect of wage increases
on unit labor costs—as unit labor requirements decline, so will unit labor costs.
If wage increases are comparable to growth in labor productivity and if
exchange rates remain constant, unit labor costs will be unchanged.

The top panel of Table 3-8 shows the changes in foreign unit labor costs
(measured in U.S. dollars) relative to U.S. unit labor costs for five intervals
during 1950-1985; entries in the top panel are the sum of the entries in the three
lower panels of the table. Negative entries indicate reductions in foreign unit
labor costs relative to those of the United States. Because these costs are
measured in U.S. dollars, they are affected by exchange rate movements as well
as by movements in wages and labor productivity. Since 1979 unit labor costs
in all of these foreign industrial nations except Canada have declined relative to
those of the United States, the first period during which this has occurred since
1950-1957. As a result, the ability of U.S. manufacturing to compete in world
markets declined significantly during 1979-1985, despite significant
productivity growth in U.S. industry.

Technological change, which affects labor productivity growth, played a
major role in the behavior of unit labor costs during this period. The second
panel from the top in Table 3-8 shows foreign labor productivity growth rates
relative to those of the United States. Negative entries indicate more rapid
productivity growth in other nations' manufacturing industry; the table clearly
shows that U.S. productivity growth has lagged behind that of other industrial
nations throughout the postwar period. The 1979-1985 data, however, suggest
that during this most recent period, U.S. labor productivity growth rates
approached those of most industrial nations (with the exception of Japan). The
relative productivity performance of U.S. manufacturing obviously improved
during 1979-1985 to an

LABOR SUPPLY AND DEMAND WITHIN THE U.S. ECONOMY 82

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Technology and Employment: Innovation and Growth in the U.S. Economy
http://www.nap.edu/catalog/1004.html

http://www.nap.edu/catalog/1004.html


TABLE 3-8 International Comparisons of Unit Labor Costs, Productivity, and
Compensation in Manufacturing in Selected Industrial Nations

Annual Growth Rate of Foreign Unit Labor Costs (in U.S. dollars),
Relative to the United States

Country 1950-1957 1957-1966 1966-1973 1973-1979 1979-1985
West
Germany

-2.0 3.0 6.9 3.3 -8.9

France -0.6 0.0 2.1 3.2 -8.2
Italy -2.8 1.9 5.0 1.8 -6.1
Japan -3.8 1.7 5.3 2.5 -6.1
U.K. 2.0 1.9 -0.2 7.0 -5.4
Canada 1.2 -1.8 0.2 -1.0 0.2

Annual Growth Rate of U.S. Productivity (output per hour),
Relative to Foreign Manufacturing

West Germany -4.8 -3.3 -3.0 -2.8 -0.2
France -2.2 -3.2 -3.6 -3.5 -0.9
Italy -3.6 -3.6 -4.1 -1.9 -0.8
Japan -7.5 -5.2 -8.3 -4.0 -2.5
U.K. 0.8 -0.5 -2.2 -0.2 -0.9
Canada -1.4 -1.3 -2.2 -0.8 1.4

Annual Growth Rate of Foreign Hourly Compensation (in domestic
currency), Relative to the United States

West Germany 2.7 5.8 4.1 0.0 -0.8
France 4.3 5.0 4.2 6.0 5.2
Italy -0.7 5.6 8.1 9.7 8.5
Japan 3.8 7.0 9.5 3.0 -2.2
U.K. 1.2 2.5 3.9 9.7 3.7
Canada 0.8 0.8 1.3 2.5 1.4

Annual Growth Rate of the Foreign Exchange Rate, Relative to the
U.S. Dollar

West Germany 0.0 0.5 5.9 6.2 -7.9
France -2.6 -1.7 1.5 0.7 -12.5
Italy 0.0 0.0 1.0 -6.0 -13.9
Japan 0.0 -0.1 4.2 3.6 -1.5
U.K. 0.0 0.0 -1.9 -2.4 -8.2
Canada 1.9 -1.3 1.1 -2.6 -2.6

Source: U.S. Bureau of Labor Statistics (1986c).

LABOR SUPPLY AND DEMAND WITHIN THE U.S. ECONOMY 83

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Technology and Employment: Innovation and Growth in the U.S. Economy
http://www.nap.edu/catalog/1004.html

http://www.nap.edu/catalog/1004.html


unprecedented extent. Moreover, measured in terms of their domestic
currencies, hourly compensation for foreign manufacturing workers (the third
panel from the top of Table 3-8) consistently has grown more rapidly than
compensation for U.S. manufacturing workers. Prior to 1979, the impact of
more rapid growth in labor costs on the competitiveness of these nations'
manufactured exports was offset by productivity growth rates that also
exceeded those of U.S. industry. During 1979-1985, however, increases in
foreign worker compensation continued to exceed those of U.S. manufacturing
workers, while the productivity gap between U.S. and foreign manufacturing
narrowed. Yet, the growth of U.S. unit labor costs remained well above that of
other industrial nations. Why?

The answer to this question is contained in the bottom panel of Table 3-8.
Upward movement in the foreign exchange rate of the U.S. dollar during
1979-1985 more than offset declines in U.S. labor costs. The bottom panel of
Table 3-8 shows that foreign unit labor costs (expressed in U.S. dollars) have
declined, and this decline offset the effects of low growth in U.S. manufacturing
compensation and high growth in U.S. manufacturing productivity.

Had the dollar not appreciated against foreign currencies during
1979-1985, U.S. unit labor costs would have declined relative to those of all of
the industrial nations in Table 3-8 with the exceptions of West Germany and
Japan. Even relative to these nations with higher productivity growth rates, the
increase in U.S. unit labor costs would have been far smaller, thus making U.S.
exports more competitive in world markets, reducing import penetration of U.S.
markets, and reducing the incentives for U.S. firms to locate their production
facilities offshore (Finan et al., 1986; Kravis and Lipsey, 1986). Indeed, in the
absence of the surge in the foreign exchange rate of the U.S. dollar, U.S.
employment growth during the past 7 years might have exhibited a rather
different pattern, as productivity gains in U.S. manufacturing supported
increases in exports and higher output growth, both of which could have led to
growth or slower declines in manufacturing employment.27

27 Data on changes in foreign hourly compensation and labor productivity trends
through 1986 are not yet available to bring this comparative analysis of unit labor costs
up to the end of 1986. Neef (1986) noted in his study that the decline in the foreign
exchange value of the dollar from its peak in 1985 through October 1986 had not yet
brought the dollar to its 1980 value vis-à-vis the currencies of Western European nations,
although substantial depreciation had occurred against the Japanese yen. Moreover, the
dollar's depreciation against many Latin American and East Asian currencies was
minimal. The U.S. dollar also had not depreciated against the Canadian dollar, which
accounted for 25 percent of U.S. manufactured exports. The declines in the foreign
exchange value of the dollar since October 1986 are likely to reduce some but not all of
the disparities that developed during 1980-1985 in U.S. and foreign nations' unit labor
costs.
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SUMMARY

This chapter has examined the determinants of labor supply and demand
by focusing on the role technology plays in influencing aggregate employment
and unemployment levels. The increase in aggregate unemployment since 1973,
as well as the large number of experienced workers suffering permanent job
losses in recent years, is disturbing. The direct contribution of technological
change to these trends appears to be minor. As the growth rate of the labor
supply declines during the next decade, at least one source of upward pressure
on aggregate unemployment should diminish.

Differential rates of productivity growth in manufacturing and
nonmanufacturing industry, combined with low rates of growth in the output of
manufacturing industry, have contributed to higher rates of decline in
manufacturing's share of total' employment during 1979-1985. The decline in
manufacturing's share of nonfarm employment does not represent a departure
from longstanding patterns of economic growth and development in the United
States, but the rate of decline has accelerated during the past 15 years.

Changes in the international economic environment during 1980-1985
have exacerbated and accelerated the reductions in manufacturing's share of
total employment. The declines in the foreign exchange value of the dollar since
late 1985 should improve the competitiveness of U.S. industry vis-à-vis a
number of foreign competitors. Nonetheless, relying solely on this policy option
to restore U.S. competitiveness will require severe (and in the view of this
panel, unacceptable) declines in the purchasing power of U.S. workers and
consumers. Technological change and productivity growth remain
indispensable to the improvement of U.S. industrial competitiveness and real
wages. In view of the fact that U.S. involvement in the international economy is
likely to expand still further in the near future, the rapid generation and
adoption of new technologies are essential to preserving and expanding U.S.
employment and living standards during the next two decades.
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4

Studies of the Impact of Technological
Change on Employment, Skills, and

Earnings: A Critical Review
This chapter reviews a number of studies that analyze the influence of new

technologies on jobs, worker skills, and earnings. As in other areas of our
inquiry, the extensive empirical literature coveting these topics often is
inconclusive and suffers from methodological weaknesses. Nonetheless, several
important conclusions emerge from the discussion that follows. First, new
technology will not bring massive unemployment; few studies predict large
employment losses from such changes. Neither does it appear that, as a result of
technological change, the skills required to get a job or to keep a job in the
future will be substantially different from what they are today. Finally,
technological change and productivity growth are associated with growth in real
earnings. Although technological change in the U.S. economy has been cited by
some as contributing to lower earnings growth and a more unequal distribution
of income, there is little evidence to suggest that technology, as opposed to slow
economic growth, has been responsible for these trends.

THE EMPLOYMENT EFFECTS OF TECHNOLOGICAL
CHANGE

As we noted in Chapter 2, a number of factors interact to influence how
technological change affects the level of employment in an industry or sector:

•   the speed with which a product or process innovation is adopted;
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•   for a product innovation, the size and rate of growth of the domestic
and international markets for the new product;

•   for a process innovation, the size of any reductions in labor
requirements per unit of output (i.e., increases in labor productivity);

•   the magnitude of reductions in output prices resulting from labor
productivity increases, movement down the "learning curve" (cost
reductions associated with more extensive use of the new process
technology), and subsequent refinements of the technology;

•   the size of the increase in domestic and international demand for the
product in response to price reductions resulting from the adoption of a
new process technology;

•   interindustry effects (e.g., expansion or contraction in another industry
in response to changes in the cost of a key input); and

•   the effects of technological change on wages in the industry or sector.

These variables exert offsetting influences on the demand for labor within
sectors, and they operate with varying lags. A complete accounting of all of
their effects is impossible. The studies considered below, in a survey that is
meant to be illustrative rather than exhaustive, all ignore one or more of the
variables in this list.1 The range of influences considered within each study, as
well as the level of aggregation at which each is conducted, varies considerably.
As the number of sectors or technologies expands, however, the data
requirements rapidly become overwhelming. To circumvent this difficulty, the
studies cited here focus on the impacts of a single technology in many
industries or on the effects of technological change within a single industry—
with the exceptions of the U.S. Bureau of Labor Statistics (1986b) forecasts of
employment and the policy-oriented studies by the Temporary National
Economic Committee (1941) and the National Commission on Automation,
Technology, and Economic Progress (1966).

Policy-Oriented Studies

A perception that technological change had played a role in the Great
Depression led to the publication of studies of the economic effects of
technological change by the Congress (U.S. House of Representatives,
Committee on Labor, 1936), the National Resources Committee (1937), and the
Temporary National Economic Committee (1941). Many of these

1 For comprehensive surveys of this large and rapidly expanding literature, see Blair
(1974), Brooks and Schneider (1985), Fechter (1974), Freeman and Soete (1985), and
Kaplinsky (1987).
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studies reached pessimistic conclusions. The following comments from the
report of the Temporary National Economic Committee are representative:

. . . there is unmistakable evidence of a change in kind as well as severity of
unemployment in the last depression. This change is characterized by the
widespread use of electrical power and mass production methods which have
shown a capacity to increase industrial activity on the upturn of the business
cycle without a corresponding ability to absorb unemployed labor. (p. xvi)

With the return of full employment during World War II and sustained
prosperity during the remainder of the 1940s, the conclusions of these studies
had little discernible impact on policy or economic research. But high (by
comparison with prior years) U.S. unemployment rates during the late 1950s
and early 1960s,2 coupled with rates of economic growth that fell behind those
of Western European nations, fueled a resurgence of the debate over the
employment consequences of automation. Pessimism and concern about the
consequences of technological change were reflected in such work as Michael
(1962), and this concern contributed to the formation of the National
Commission on Technology, Automation, and Economic Progress in 1964 (see
Critchlow, 1987). The tone of this commission's report, however, contrasted
with the pessimistic views that had spurred its development.

The commission strongly endorsed the importance of technological change
in raising living standards and improving the quality of worklife but
acknowledged that its benefits were not costless. Moreover, despite its
endorsement of the benefits of technology, the commission echoed the reports
of the 1930s in expressing concern over a "glut of productivity." The
historically unprecedented productivity growth rates of the postwar period were
expected to continue, and the commission argued that increases in output per
worker (i.e., labor productivity) would reduce the demand for labor if they were
not offset by growth in the demand for output. Aggregate demand, the
commission warned, had to be maintained at a level that ensured sufficient jobs
for the growing work force.

Although it recommended additional assistance for the technologically
displaced, the commission concluded that if macroeconomic policy were
properly managed, the probability of massive technological unemployment was
low because expanding aggregate demand could ensure more jobs, even in the
face of an expanding work force and growing labor productivity. Such
optimism rested on the apparent triumph in the early

2 Annual unemployment averaged 5.8 percent during 1958-1962, well above the
average rate of 4 percent that prevailed during 1950-1957 (President's Council of
Economic Advisers, 1987, Table B-35).
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1960s of policies for the management of aggregate demand. By the time the
commission's report was released in 1966, however, the economic and political
outlook had changed dramatically. Concern over the impacts of new technology
had declined, in part because the U.S. unemployment rate was only 3.8 percent,
having fallen from 5.2 percent in 1964 in response to an expansionary fiscal
policy (President's Council of Economic Advisers, 1987). This improvement in
the economic environment, as well as the escalating U.S. involvement in the
Vietnam conflict, meant that the commission's policy recommendations were
largely ignored by the Johnson administration. During the 1970s the
employment consequences of technological change received little attention, but
the subject returned to a position of prominence in public debate in the 1980s.

Studies of Individual Firms, Industries, or Occupations

A recent survey by Flynn (1985) analyzed almost 200 case studies of the
employment effects of process innovations during 1940-1982. The
technological advances considered by Flynn were evenly divided between those
affecting the automation of production or distribution and those affecting office
automation. Process innovations in skill-intensive manufacturing processes
often eliminated high-skill jobs and generated low-skill jobs. The opposite was
true, however, for the adoption of data-and word-processing technologies in
offices, which eliminated low-skill jobs and created high-skill jobs. Flynn
concluded that the net effect of process innovations on employment was
indeterminate and depended heavily on conditions within individual industries
or firms.

Hunt and Hunt (1986) surveyed the effects of technological change on
clerical employment. The authors criticized several other studies of this topic
for overlooking the often slow pace of technological change and diffusion, the
output-expanding impacts of reductions in the price of such clerical or
secretarial activities as text editing, and the effect of expanding aggregate
demand. They argued that these flaws led the studies to overstate the job-
displacing impact of technological change on clerical workers:

The forecasts of declining clerical employment are based on over-optimistic
expectations of technological improvements or exaggerated productivity
claims on behalf of existing technology. In our opinion, current office
technology offers significant improvements in product quality and modest
improvements in productivity. There is as yet no empirical evidence of an
office productivity revolution that will displace significant numbers of clerical
workers. (p. 65)

Osterman (1986) also studied the impact of information technologies on
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office and clerical employment in several industries and found that
displacement was partly offset by an expansion in the demand for automated
activities or functions. Although the adoption of computers initially reduced the
employment of clerks and managers in these industries during 1972-1978,
displacement typically was followed in a few years by increases in clerical and
managerial employment.

The timing of the employment-displacing and employment-expanding
effects of technological change in Osterman's study suggests the empirical
problems that result from differences in the rates and timing of productivity
growth, cost reduction, and output and employment growth. According to
Osterman, the increases in employment that followed the introduction of
computers generally were insufficient to overcome the employment losses.
Over a longer period, however, the net employment losses might well have been
smaller or nonexistent. Osterman also did not consider the employment effects
of new jobs created elsewhere within the firms adopting computers.
Nevertheless, differences in the timing of employment displacement and
creation mean that the workers who are initially displaced may not be the
individuals who are subsequently hired. Significant displacement problems thus
may develop even in the face of expanding employment opportunities.

In their recent analysis of office automation, Roessner et al. (1985) present
conclusions that contrast sharply with those of the National Research Council's
Panel on Technology and Women's Employment. In its 1986 report the panel
concluded that "massive job loss is unlikely to occur" (p. 125) within clerical
and office occupations as a result of technological change. The Roessner team,
on the other hand, projected that office automation could displace as much as 40
percent of 1980 clerical employment within the financial services and insurance
industries by the year 2000. To reach this conclusion the authors surveyed
experts on likely improvements in office automation technologies and applied
these forecasts to a functional taxonomy of clerical tasks. They assumed that the
functional composition of typical clerical tasks and duties would be unaffected
by technological change during 1980-2000. They also assumed that
technological change and diffusion would be rapid and minimized or dismissed
the possibility that the enhanced productivity of clerical workers might increase
the demand for clerical services. Finally, the study ignored the employment
implications of product innovations that result from office automation
technologies, even though executives within the financial services industry,
among other sectors, have cited such innovations as important sources of
employment growth.

Denny and Fuss (1983) investigated the effects of automation on
occupational groups within Bell Canada, using data on four separate
occupations and a direct measure of the rate of technological change
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(based on the share of direct distance dialing in total telephone traffic).
Technological change in Bell Canada during 1952-1972 increased the amount
of capital and reduced the amount of labor per unit of output, with the
laborsaving effects felt most strongly in the least skilled occupations. The study
found, however, that net employment growth within these occupations was
positive because output growth more than offset the impact on employment of
reductions in labor requirements per unit of output. The Denny-Fuss study did
not deal with the potentially employment-creating effects of these innovations
on other industries or on occupations within Bell Canada beyond the four
considered.

Levy et al. (1984) analyzed the interactions among technological change,
growth in productivity, and growth in output and employment in a number of
industries. They assessed the effects on output growth and employment of labor
productivity growth resulting from technological change and increases in
production plant scale during 1960-1980 in five manufacturing and mining
industries (steel, aluminum, automobiles, coal mining, and iron mining). Within
all these industries, technological change led to the substitution of capital for
labor and to increases in labor productivity (although steel exhibited a very low
rate of technological change), a finding similar to that of Denny and Fuss. An
important improvement in this analysis, however, is the Levy team's
consideration of the effect of productivity growth on the demand for the output
of these industries. By lowering prices and increasing the demand for industry
output, labor productivity growth supported employment growth that offset
much or all of the reduction in labor demand associated with the productivity-
increasing impact of technological change. In three of the five industries (coal
mining, iron mining, and aluminum production), the output-enhancing effect of
technological change increased total employment; in the other two (steel, where
technological change was minimal, and automobiles), demand growth was
insufficient to offset the impact of reductions in the labor required per unit of
output.

Studies by Ayres and Miller (1983) and Hunt and Hunt (1983) considered
the impact of robots on manufacturing employment. Ayres and Miller
concluded that current robotics technologies could displace 1.5 million jobs in
current manufacturing and as many as 4 million by 2005. Hunt and Hunt, on the
other hand, estimated that total employment displacement by 1990 would
amount to only 68,000-134,000 jobs—well below levels of normal turnover
within the manufacturing work force. (Turnover in U.S. manufacturing averages
more than 20 percent per year, based on data from 1976-1980 cited in Levy et
al., 1984.)

One reason for these divergent estimates is Ayres and Miller's assumption
that diffusion and technological improvement within robotics would be rapid.
Ayres and Miller's study focused on the technological ''frontier'' and
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considered the number of jobs that potentially could be performed by robots in
2005. The alternative approach, developing a model that incorporates adoption
costs and diffusion rates, places greater emphasis on the length of time needed
for investment in and adoption of the new technology. The Ayres-Miller study
also surveyed a small and narrow sample of firms and industries (16 firms,
almost all of which were in the automotive industry and therefore contained a
high proportion of jobs that could be performed by currently available robots).
The empirical basis for the less dramatic displacement estimates of Hunt and
Hunt's 1983 work, which made explicit assumptions about rates of adoption of
robotics technologies and employed a broader data base for estimates of
employment effects, seems stronger than that for Ayres and Miller's predictions.
Neither study considered the employment implications of the potential growth
in output resulting from the positive effects of robots on manufacturing
productivity growth, although Hunt and Hunt compared their displacement
estimates with the BLS estimates of employment growth in affected
occupations through 1995.

The contrasting results of these studies, like those of the studies by
Roessner et al. (1985) and the National Research Council's Panel on Women's
Employment and Technology (1986), illustrate the sensitivity of empirical
estimates of the employment impacts of technological change to detailed
assumptions concerning diffusion rates, technological improvement, and the
organization of manufacturing and office production processes. Yet prediction
of these variables, which is necessary for forecasts of employment impacts, is
extremely difficult and frequently incorrect; therefore, the forecasts based on
such assumptions are often unreliable.

An important collection of sectoral studies of employment and
technological change in Great Britain recently has been completed by the
Science Policy Research Unit of the University of Sussex. Known as the
TEMPO (Technological Trends and Employment) project, these studies (Clark,
1985; Freeman, 1985a; Guy, 1984; Smith, 1986; Soete, 1985) analyzed recent
trends in technological change, productivity growth, and employment in 17
British manufacturing and service industries. The project focused on sectoral
studies because of the evidence that the impacts of technological change on
productivity and employment growth varied greatly across sectors.3

The TEMPO studies also undertook forecasts of employment through the
late 1990s. The analytic framework used by most of the studies (with the
exceptions of Ray, 1985, and the studies of the services sector in

3 "A broad macroeconomic approach was therefore deemed to be inadequate for
assessing the specific employment effects of technological change. It was felt that only
in-depth studies of each of the main sectors would encompass the full range and variety
of technical change" (Guy, 1984, p. vii).

STUDIES OF THE IMPACT OF TECHNOLOGICAL CHANGE ON EMPLOYMENT,
SKILLS, AND EARNINGS: A CRITICAL REVIEW

92

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Technology and Employment: Innovation and Growth in the U.S. Economy
http://www.nap.edu/catalog/1004.html

http://www.nap.edu/catalog/1004.html


Smith, 1986) is discussed in Clark and Patel (1984); it relied on estimates of
investment and the rate of growth of the capital stock to compute measures of
growth in "best-practice" and "average" productivity for both labor and capital.
(''Best-practice" productivity is the level attainable with the latest process
technologies; "average" represents the actual level of measured productivity.)
Estimation of these trends relied heavily on imperfect data on the value of the
capital stock in industrial categories that are highly aggregated; the estimates
also incorporated strong assumptions concerning the rate of growth in the
productivity of new technologies. The methodology demands considerable data,
and the absence of an aggregate analytic framework precludes the examination
of interindustry effects of the type that are salient within input-output analysis
(see below). Nonetheless, by emphasizing the roles of capital formation and
diffusion in the growth of sectoral productivity and employment, this
methodology makes an important contribution.

For many of the sectors in the TEMPO series, projected employment
growth was low or even negative; these predictions were affected by the
inability of the researchers to take into account interindustry linkages, by the
low rate of growth of the British economy during the late 1970s and 1980s, and
by the extensive penetration of many British markets by imports. Many of the
studies examined capital productivity trends and reached conclusions
resembling those of Baily (1986); in a number of British industries during the
1970s and early 1980s, the measured productivity gains from additional
investments in physical capital appear to have declined somewhat for reasons
that are not well understood. Freeman (1985b), for example, suggested that the
radical nature of many new technologies made it difficult for British firms to
exploit their productive potential rapidly.4

As this survey of the empirical literature suggests, few case studies are
able to consider the complex effects of technological change on employment
beyond the confines of a single firm, industry, or occupation. A study of the
effects of robotics on assembly line workers, for example, may estimate the
worker displacement that occurs due to one aspect of this technological change,
but it cannot assess all the employment impacts of the new technology. Such an
assessment requires additional information on the number of jobs created in
designing, manufacturing, and servicing robotics machinery, as well as data on
the effects on prices,

4 Freeman (1985b) stressed the ". . . tendency to diminishing returns with incremental
innovations and economies of scale in the older electro-mechanical plant and equipment
of the 1960s . . . ," and the ". . . failure to exploit the full productivity potential of the
revolutionary new technologies, based on computerisation, because of the piecemeal
pattern of implementation and the lack of necessary skills" (p. 77).
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demand (how much will demand for the product increase if the price is
reduced?), and, consequently, employment in all industries affected by the
robotics technology. A broad analytic perspective is needed to capture
interactions among firms, industries, and occupations, as well as changes over
time in these effects. Despite their value as descriptions of potential
employment impacts, sectoral studies cannot incorporate these complex
interactions and should not be relied on for forecasts of the aggregate
employment impacts of technological change.

Aggregate Analyses

Input-output analysis can incorporate the interactions among industries that
are essential to determining the total employment effects of technological
change. The expanded scope of such an analysis, however, creates extensive
data requirements. Input-output analysis requires the estimation of "input-output
coefficients," which describe the amount of labor and each industry's output
needed to produce the outputs of all other industries in the analysis.5 The effect
of technological change on these coefficients must be estimated, and final
demand for each good must be projected in forecasts of the employment impact
of new technologies. The input-output coefficients in many cases are invariant
with respect to price: doubling the cost of an input need not affect the amount of
that input consumed by an industry. Thus, most forms of input-output analysis
can account only for changes in interindustry relationships that are based on the
technologically driven substitution of one input (e.g., capital) for another (e.g.,
labor).

Recent applications of input-output methodology to the analysis of the
employment effects of new technologies largely ignore changes in final demand
and in the demand for inputs that result from changes in price. This means that
there is no link between growth in labor productivity and growth in demand
within a specific industry. Because input-output analysis typically projects the
existing matrix of output and input requirements forward in time, predictions
based on this methodology also have difficulty incorporating the employment
effects of product innovation.

Howell (1985) used an input-output framework to forecast the employment
effects of industrial robots. His methodology required projections of the use of
robots in each of 86 industrial sectors in 1990, as well as estimates of input-
output coefficients that measure the robotics industry's consumption of the
output of other industries in the production of robots. Howell considered the
employment consequences of six different

5 Leontief and Duchin (1985) used an 89-industry input-output table.
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estimates of the number of installed robots in 1990, ranging from 72,000 to
285,000.6 Howell's analysis did not consider the increases in employment that
might result from reductions in price and increases in demand associated with
the diffusion of robotics technology. For example, the introduction of robots
within an industry might lower prices and increase demand for the industry's
output, but Howell's methodology largely ignores the employment effects of
such potential growth in output.

Using a methodology that may overstate the potential employment
displacement due to robots, Howell concluded that the net number of jobs
displaced by robots by 1990 would range from 168,000 (assuming slow
diffusion of robotics) to 718,000 (for the most rapid assumed diffusion rate).
The latter figure is only 0.7 percent of total U.S. employment and 3.7 percent of
manufacturing employment in 1986; it accounts for an even smaller share of
total projected 1990 employment.

Leontief and Duchin (1985) undertook the most extensive input-output
study of the effects of computer technology on employment. Their study
concluded that the widespread use of this technology would reduce employment
in the year 2000 to approximately 8-12 percent below the levels that would be
needed to produce this output with an unchanged technology. The Leontief-
Duchin study illuminates the serious limitations of aggregate studies of
technological change. The study's assumptions concerning the quantity of labor
displaced as a result of computer diffusion were based on limited evidence from
case studies. Rates of diffusion and technological change were assumed to be
rapid, but the authors did not allow for any output-and employment-expanding
effects of reductions in the costs of clerical and other functions as a result of
technological change and productivity growth.

A more serious defect of the Leontief-Duchin study is that it combined an
economy-wide analysis of employment impacts with the assumption that
advances would occur in only one technology. For example, as a result of
assuming that no technological change beyond that in computers would occur
within the agricultural sector and that demand for total output would grow, the
authors projected employment gains in farming by the year 2000. Such an
outcome is open to considerable question. The Leontief-Duchin projections of
reduced employment by the year 2000 were criticized by the National Research
Council's Panel on Technology and Women's Employment (1986), which
concluded that "there is insufficient evidence to support the . . . negative
outlook of the Leontief-Duchin study" (p. 111). This panel concurs in that
assessment.

6 In 1986, according to the Robotic Industries Association (1986), the U.S. stock of
industrial robots was slightly more than 25,000.
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The most recent aggregate projections of employment that incorporate the
effects of technological change were prepared by BLS for 378 industries and
562 occupations in 1995. In the past the BLS projections have proved quite
accurate in tracking changes in employment, although they tend to understate
employment growth in the fastest growing occupations and employment
decreases in declining occupations (Carey, 1980; Carey and Kasunic, 1982;
Rumberger and Levin, 1984). For its 1986 forecasts, the bureau used a system
of five interconnected economic models to project growth in the labor force, the
level of aggregate economic activity, each industry's output of goods and
services, and each industry's demand for labor. The industry demand projections
were based on historical relationships between growth in GNP and growth in
the output of individual industries.7

In recent years the bureau has disclosed much of its methodology for
measuring and incorporating technological change within these projections, and
further disclosure and discussion of these methods are highly desirable.
Technological change was incorporated into the BLS projections through
assumptions about the rates of development and diffusion of new technologies
and their direct impacts on occupational structure and input-output coefficients.
BLS also allowed for changes in output demand resulting from productivity
increases and changes in production processes within industries. The bureau
was conservative in making technology adjustments in these models.
Nevertheless, hundreds of adjustments were made in the most recent revision of
the projections (Hansen, 1984).

The 1995 employment projections issued by BLS forecast growth in
virtually all of its more than 350 occupations with at least 25,000 workers.
Some categories, however, were projected to decline in absolute terms as a
result of technological change. Information technologies affected a number of
the 11 occupations posting absolute declines in projected employment as a
result of technological change (Table 4-1). The declining occupations fall into
four groups: office workers involved primarily in data-entry tasks;
communications workers who are displaced by declines in the service
requirements of telecommunications equipment; truck and tractor operators
affected by increases in warehouse automation; and

7 The moderate-growth scenario used by BLS as the basis for industrial and
occupational employment projections assumes strong productivity and investment
growth, a declining unemployment rate (6 percent in 1995), and a real annual rate of
GNP growth of 2.9 percent between 1984 and 1995; using those assumptions, the bureau
forecast that employment in the U.S. economy will increase by 16 million. For a detailed
discussion of these assumptions and those underlying the alternative low- and high-
growth scenarios, see U.S. Bureau of Labor Statistics (1986b).
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service station attendants displaced by the use of information technology in self-
service gas stations. In total, BLS predicts that there will be 251,000 fewer
employment opportunities in these occupations by 1995. This is equivalent to
1.6 percent of total projected employment growth during 1984-1995.

TABLE 4-1 Occupations with 25,000 or More Workers Forecast by the U.S. Bureau
of Labor Statistics to Experience Net Employment Declines Due in Part to
Technological Change: Moderate Growth Scenario, 1984-1995
Occupation 1984 Employment

(000)
Net Employment
Decline (000),
1984-1995

Percentage Share
of Decline

Stenographers 239 -96 40
Industrial truck and
tractor operators

389 -46 12

Postal service clerks 317 -27 9
Station installers
and repairers,
telephone

111 -19 17

Stock clerks 788 -16 2
Statistical clerks 93 -12 13
Payroll and
timekeeping clerks

207 -11 5

Central office
telephone operators

77 -9 11

Order filers,
wholesale and retail
sales

226 -7 3

Service station
attendants

303 -6 2

Directory assistance
telephone operators

32 -2 7

Total decline -251

Source: U.S. Bureau of Labor Statistics (1986b).

A recent retrospective analysis of the employment effects of technological
change used input-output methodology to decompose the growth in
employment during 1972-1984 into changes resulting from growth in final
demand and those resulting from technological advance in 79 industries (Young
and Lawson, 1986). The authors computed the changes in employment that
would have resulted if the 1984 output had been produced with 1972
technology. This calculation yields the change in employment that is
attributable solely to growth in demand. The "constant technology" employment
change is subtracted from the actual 1972-1984 employment change. The
difference provides an estimate of the effect of technological change on
employment during 1972-1984.
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The Young-Lawson methodology did not require the forecasts of rates of
diffusion and technological progress that were so salient in the BLS, Roessner
et al., and Leontief-Duchin studies. Like the Roessner and Leontief-Duchin
studies, however, the Young-Lawson study was unable to determine the
employment impact of output growth that resulted from price reductions
stemming from productivity growth. As a result, Young and Lawson attributed
many of the employment-increasing effects of technological change to changes
in final demand rather than to the expansionary impact of new technology.
Technology-related effects on employment in this analysis incorporate only the
labor-displacing effects of changes in process technology, a procedure that
ignores Levy et al.'s (1984) "output enhancement" effect. In addition, Young
and Lawson could not isolate the reductions in industry demand for domestic
inputs that resulted from increases in imports of foreign inputs. This effect,
which had negative employment implications, was categorized by Young and
Lawson as technology based, although ironically it may reflect the absence of
technological change within U.S. industry.

Young and Lawson found that technological change during 1972-1984
reduced labor requirements per unit of output in 65 of 79 industries. Changes in
final demand during this same period affected some or all of the decline in labor
demand in 73 of the 79 industries.8 In 44 of the 79 industries, the laborsaving
effects of new technologies were more than offset by growth in final demand;
that is, total employment expanded. Even this assessment of the employment
effects of technological change, which overstates the job displacement
consequences of it, suggests that sectoral employment displacement often is
more than offset by output growth.

Summary

Process and product innovations affect prices, wages, incomes, and
international trade flows. Unfortunately for analysts, all of these forces operate
simultaneously and interact. Forecasting methodologies for the assessment of
the sectoral or aggregate employment impacts of technological change remain
primitive, and therefore any results must be viewed with skepticism and caution.

Although this brief survey of recent empirical studies should lessen
concerns about massive technological unemployment, technological
displacement remains a potentially serious problem for some workers in the

8 Sixty-one of the 65 industries in which-technological change had a laborsaving
impact also experienced increases in labor demand as a result of changes in final demand.

STUDIES OF THE IMPACT OF TECHNOLOGICAL CHANGE ON EMPLOYMENT,
SKILLS, AND EARNINGS: A CRITICAL REVIEW

98

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Technology and Employment: Innovation and Growth in the U.S. Economy
http://www.nap.edu/catalog/1004.html

http://www.nap.edu/catalog/1004.html


American economy of the 1980s and 1990s. Differences in the timing of the
labor-displacing and labor-enhancing effects of technological change, coupled
with the fact that jobs may be lost in industries, regions, or occupations that are
very different from the ones in which job creation occurs, make it difficult for
those workers and managers who must change their occupations and learn new
skills. Indeed, the entire issue of skills—those a worker needs to get a job and
those necessary to do a job—is central to the debate about the effect of
technological change on employment.

SKILL REQUIREMENTS AND TECHNOLOGICAL CHANGE

Recent poll data (Cambridge Reports, Inc., 1986) confirm that the public
remains concerned that technological change will make the skills of the average
worker obsolete and will raise the level of skill required for good jobs (defined
in terms of wages or advancement prospects) beyond the reach of those workers
entering the labor force or changing jobs. Two types of worker skills are
relevant to our discussion of the effects of technological change on skill
requirements. Basic skills typically are acquired by workers prior to entering the
labor force. They consist of literacy, problem-solving, numerical reasoning, and
written communications competencies. Within this economy, workers acquire
basic skills through the public and adult educational systems rather than through
employers. U.S. employers, however, historically have been willing to provide
the specific occupational or job-related skills required by their employees—that
is, those skills necessary to perform a specific job or function.

Basic cognitive skills and job-related skills appear to be complementary;
the real contribution of basic skills to productivity lies in helping workers learn
what they need to do their current and future jobs (Bishop, 1984; COSEPUP
Panel on Secondary School Education for the Changing Workplace, 1984).
Most empirical studies of the impact of technological change on skills focus on
job-related skills, which in many instances are acquired through on-the-job
training (see Chapter 7).9

A substantial body of literature on the skill impacts of technological
change has reached few consistent conclusions. There are a number of

9 Computer skills are one example of job-related skills. Goldstein and Fraser (1985)
studied the sources of computer training and concluded that most workers were able to
obtain such training on the job. The amount of training required for computer users was
modest; no more than 5 percent of computer users actually required extensive computer
training.
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reasons for this, many of which also apply to the literature on the employment
impacts of technological change:

•   The methodologies and data used in studies of technological change
and skills are weak and imprecise.

•   There is little agreement on the definition (and therefore the
measurement) of job-related skills. Analysts often disagree as to
whether skills are an attribute of individuals—in which case they
would be related to educational attainment and would be portable
among jobs—or whether skills are highly specific to firms or
occupations and only loosely related to educational attainment.

•   To study skills, it is also necessary to study occupations; but data on
the U.S. occupational structure are unreliable for comparisons over
time because of extensive revisions in the classifications in successive
published dictionaries of occupational titles and categories (see
Spenner, 1985, for a detailed discussion).

•   Case studies of the impacts on skills of specific technologies or of
technological change within a specific industry rarely consider a
lengthy period of time; thus, they are unable to trace changes in skill
requirements as a technology, industry, or production process passes
through different stages of its development or diffusion (see Chapter 2).

•   The skill effects of technological change are sensitive to the ways in
which new technologies are implemented in the workplace. Managers
have considerable discretion in such implementation, which may affect
skill requirements (Adler, 1984). Thus, identical innovations
introduced in different firms can alter skill requirements in different
ways (Spenner, 1985).

The literature on technology and skills includes aggregate studies, which
examine changes in skills within a large number of occupations and industries,
and case studies, which focus on a single occupation, firm, or industry.
Aggregate studies obtain greater coverage but at the cost of overlooking certain
types of skill change. They generally report greater stability in skill
requirements because they aggregate industry-or firm-specific variations.
Spenner's review of 11 aggregate studies (1986) is consistent with this
description; he found no evidence to support claims of significant upgrading or
downgrading in aggregate skill requirements as a result of technological
change. Levin and Rumberger (1986) used educational attainment as a proxy
for skill requirements in their analysis of the overall skill implications of the
BLS employment forecast for 1982 through 1995 and reached similar
conclusions. Indeed, these scholars found that the educational requirements of
projected 1995 jobs were virtually identical to those needed for 1982 jobs.

STUDIES OF THE IMPACT OF TECHNOLOGICAL CHANGE ON EMPLOYMENT,
SKILLS, AND EARNINGS: A CRITICAL REVIEW

100

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Technology and Employment: Innovation and Growth in the U.S. Economy
http://www.nap.edu/catalog/1004.html

http://www.nap.edu/catalog/1004.html


Case Studies of Manufacturing

Case studies sacrifice the breadth of the aggregate approach but offer a
detailed understanding of skill changes within a single occupation, firm, or
industry. These studies generally show more change and volatility in skill
requirements (Spenner, 1985). Flynn's 1985 survey of process automation,
which was discussed earlier, also considered the impacts of technological
change on skill requirements. According to Flynn, the automation of high-skill
jobs shifted their content from the direct operation of a machine to monitoring
the operations of a different machine that was more nearly self-controlling.

Do these changes in job content represent a reduction of work skills or a
shift from higher-level mechanical to higher-level mental skills? Flynn argued
that the changes resulting from new technology reduced skill requirements;
although process automation often increased the level of worker responsibility,
the use of technologically sophisticated equipment made operator positions less
demanding. Hirschhorn (1984) reviewed similar evidence on changes in job
content but reached the opposite conclusion, arguing that the shift toward
increased responsibility required higher-order mental skills to ensure quick and
appropriate responses to mechanical breakdowns. (The Three Mile Island and
Bhopal accidents are examples of breakdowns in complex systems in which
initial operator responses aggravated the problem.) These conflicting
interpretations reflect the problems of defining and measuring skills.

Flynn found that in addition to transforming the content of many jobs,
automation created new jobs at both ends of the skill spectrum. New, lower-
skill jobs required less judgment, skill, and discretion than the previous higher-
level craft and operative positions. The adoption of computerized process
control systems, on the other hand, created new jobs for computer programmers
and systems analysts. These systems also required more advanced technical
knowledge for supervisory, maintenance, and technician tasks. The evidence
summarized by Flynn, however, does not include estimates of the proportion of
high- and low-skill jobs created as a result of technological change.

Complementing Flynn's work is the recent report by the National Research
Council's Committee on the Effective Implementation of Advanced
Manufacturing Technology (1986). The committee found that the introduction
of automated manufacturing technologies reduced the number of job
classifications while broadening the scope of activities within each
classification. The new groupings typically involved a broader range of skills,
reflecting greater numbers of machines, an expansion of the range of operations
for which a worker was responsible, or the rotation of workers through different
jobs. Finally, Baran (1986) notes that the effects
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of product innovation and redesign (e.g., substituting microelectronics for
electromechanical components in office equipment) on skills are also
considerable.

Case Studies of Office Automation

Numerous case studies of office automation have analyzed the impact of a
single group of technologies—information and computer technologies—on skill
requirements. A review of these studies suggests that the impact of these
technologies on job skill requirements has changed as the technologies have
developed, a phenomenon consistent with the discussion in Chapter 2 of the
skill-intensive characteristics of new technologies in the early stages of their
development. As a result of this characteristic of technological development,
successive studies of these technologies have reached different conclusions.

Studies of office automation in the 1950s and 1960s (summarized in Flynn,
1985) found that office and ''back-office" (transactions processing,
recordkeeping, data entry, and other functions involving little or no customer
contact) automation created new employment opportunities for skilled computer
programmers, systems analysts, computer maintenance engineers, and other
administrative and managerial personnel. At the same time, back-office
automation eliminated low-skill clerical positions but created positions for low-
skill data-entry workers. Many of these early case studies reported "job
enlargement" for clerical positions as the personnel occupying them became
less specialized and absorbed new, computer-related tasks. As computer
technology developed, however, the number of higher-skill opportunities for
clericals appeared to decline. Many case studies during the 1970s (see Baran,
1986) reported that automation fragmented and standardized clerical work,
requiring lower-level and narrower skills.

The most recent set of case studies suggests that a new wave of computer
technology, supporting the movement of office automation out of the back
office and into desktop and distributed data processing, may be reversing these
tendencies toward reductions in skill requirements. Baran (1986) reports that
the introduction of minicomputers, personal computers, and higher-level
programming languages has restructured office work. The insurance clerical
worker of the future, for example, is likely to have a computerized workstation.
Because of increased desktop computing power, this worker will be responsible
for a wider range of tasks including rating, underwriting, issuing new policies,
and policy updating and renewal. Continued advances in data-processing and
office automation technologies have also changed the skills required for many
of the support personnel employed in data-processing departments. Consistent
with the argument that
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skill requirements change over the life cycle of a technology, many of the
operating tasks assigned to engineers in the 1950s shifted to technicians in the
1960s; in the 1980s, they appear to be shifting to clerical employees (Flynn,
1985).

Like the literature and evidence on the employment impacts of
technological change, the empirical evidence of technology's effects on skills is
too fragmentary and mixed to support confident predictions of aggregate skill
impacts. Despite this uncertainty, however, the evidence suggests that the skill
requirements for entry into future jobs will not be radically upgraded from those
of current jobs. Many of the computer-based technologies examined by this
panel are now being developed with more powerful software and user-friendly
interfaces, which should reduce the device-specific skills needed to operate
them. As more such ''intelligence" is embedded in hardware or software, users
will require less training for particular equipment. Consequently, the workplace
of the future will place a greater premium on a strong foundation in basic skills
for career advancement and for changing jobs but should not require massive
investments in computer literacy for all entrants or employees.

Even more than in the analysis of the employment impacts of
technological change, the evidence on skill impacts has led us to stress the
considerable uncertainties that pervade the issue. In examining educational and
other policy responses to the challenges of technological change, it behooves
policymakers and others to avoid planning based on inflexible commitments to
a single (and almost certainly flawed) vision of the skill and vocational
requirements of the workplace of the future. Nonetheless, education and
training that improve the basic and job-related skills of American workers are
important contributors to U.S. competitiveness and living standards. Continued
investment in the training of professional scientists and engineers to sustain the
development and adoption of new technologies is also critical.

THE EFFECTS OF TECHNOLOGICAL CHANGE ON THE
LEVEL OF EARNINGS

Technological change and its effects on earnings have long been topics of
debate among economists and other analysts. Poll data (Cambridge Reports,
Inc., 1986) suggest that a large segment of the U.S. public views technological
change as a force that may erode wages, leading (among other things) to a
polarized wage and income distribution. This section reviews the evidence on
the impact of technological change on the level of wages and considers the
relationship between technological change and the distribution of earnings (i.e.,
salaries and wages) and income within the United States.
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Figure 4-1
Real output per hour and real employee compensation, 1950-1985.
Source: U.S. Bureau of Labor Statistics, Office of Productivity and
Technology. Developed by the bureau from U.S. Department of Commerce,
Bureau of Economic Analysis, national income and product account data.

Growth in Real Earnings During the Postwar Period

A widely accepted measure of real earnings growth is average real
compensation (wages and salaries plus employee benefits) per hour in the
nonfarm business sector. Figure 4-1 plots trends in this quantity and in labor
productivity over time, revealing a close relationship between the two.10 The
share of labor in total output has remained fairly stable throughout the postwar
period in the U.S. economy, in contrast to its behavior in Western European
economies in which, according to Bruno and Sachs (1985), this share fluctuates.
Increases in U.S. real compensation therefore depend on growth in labor
productivity; far from supporting erosion in real earnings, technological change,
by increasing labor productivity, is associated with increases in them. The
stagnation in U.S. real

10 Figure 4-1 plots real nonfarm output per hour and real compensation per hour. Both
series are deflated (converted into constant dollars) by the implicit nonfarm output
deflator.
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earnings that has occurred since 1973 reflects lagging labor productivity
growth. Improvements in real earnings within this economy depend on renewed
productivity growth, which in turn requires more rapid generation and adoption
of new technologies.

The Impact on Compensation of Worker Movement Among
Sectors

The growth rate of average compensation within the overall economy can
be broken down into a weighted average of the growth rates of earnings within
each sector and a composition effect, reflecting the impact on average
compensation of shifts in the shares of total employment accounted for by
sectors with different levels of average earnings. Costrell (1987) broke down
growth in real hourly compensation into compositional effects and changes in
real compensation growth within sectors (the 12 sectors of Table 3-7) and
obtained striking results. The effect on real compensation growth of changes in
employment shares was modest and, if anything, positive (approximately 1-2
percent) prior to 1979. During 1979-1985, however, the impact on average
compensation of changes in employment shares became negative and increased
in size (to more than 10 percent), consistent with the findings of Bluestone and
Harrison (1986) for 1979-1984. Yet real compensation growth within sectors
remained positive during 1979-1985, increasing by almost 7 percent. Costrell
identified the decline in the share of durables manufacturing employment and
growth in the share of services employment during 1979-1985 as the major
contributors to the negative compensation impact of intersectoral employment
shifts. This finding is qualified, however, by the small number of workers that
have actually moved from the manufacturing to the nonmanufacturing sector;
absolute levels of manufacturing employment have not fallen below the levels
of the 1960s.

Although these estimates are based on aggregate data and represent
average compensation losses, they are broadly consistent with survey data on
earnings losses among displaced manufacturing workers (Podgursky, 1987).
Relatively well-paid, unionized, blue-collar workers in durables manufacturing
have made disproportionate contributions to the displaced worker population, as
was noted in Chapter 3, and many (but not all) of these workers have found new
jobs outside of manufacturing that pay substantially lower wages than their
previous jobs.11

11 More than 40 percent of the displaced workers formerly employed in durables
manufacturing and more than 30 percent of those previously employed in nondurables
manufacturing found jobs in wholesale and retail trade or services, according to data
from the 1984 survey of displaced workers summarized in Podgursky (1987).
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This evidence' suggests that recent structural change in the U.S. economy—
that is, changes in the employment shares of different sectors—has contributed
to lower earnings growth. Domestic technological change, however, is not the
primary factor affecting the displacement of manufacturing workers. In
addition, the role of technological change in supporting productivity growth and
competitiveness in many U.S. manufacturing industries means that new
technologies may aid in the stabilization, rather than any erosion, of high-wage
manufacturing employment. We must also distinguish the impact on average
earnings of movements of workers among different industries from the impacts
of changes in the occupational structure of the economy. The potential
reductions in average U.S. wages caused by employment growth in lower-wage
industries have thus far been largely offset by growth in employment in higher-
wage occupations. Nevertheless, the wage reductions associated with movement
of displaced workers from manufacturing (especially those from durables
manufacturing) to nonmanufacturing employment contribute to the high social
and individual costs of displacement.

TECHNOLOGICAL CHANGE AND THE DISTRIBUTION OF
EARNINGS AND INCOME

Trends in the distribution of income and earnings within the United States
recently have received considerable attention (Blackburn and Bloom, 1985,
1986, 1987; Bluestone and Harrison, 1986; Harrison et al., 1986; Henle and
Ryscavage, 1980; Kuttner, 1983; Lawrence, 1984; Levy, 1987; Levy and
Michael, 1983, 1985; Medoff, 1984; Rosenthal, 1985). Some analysts have
attributed increased inequality in the distribution of income and wages to the
growth of service sector employment and the development of "two-tiered"
occupational structures within high-technology and service industries, both of
which are widely perceived to result from technological change (Industrial
Union Department, 1984). This section briefly reviews the evidence concerning
changes in household income12 and earnings13 distributions and discusses
explanations for these distributional shifts. It is important to note at the outset
that the distribution of income may shift with no corresponding change in the
distribution of earnings as a result of changes in household structure. Moreover,
the distribution of annual earnings also

12 Household income is defined as all income received by a household, which in turn
is defined to be a housing unit occupied by related or unrelated individuals.

13 Earnings are typically defined as employment-related wages and salaries,
commissions, and tips received by an individual. Both hourly and annual measures of
earnings have been used in analyses of the distribution of earnings.

STUDIES OF THE IMPACT OF TECHNOLOGICAL CHANGE ON EMPLOYMENT,
SKILLS, AND EARNINGS: A CRITICAL REVIEW

106

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Technology and Employment: Innovation and Growth in the U.S. Economy
http://www.nap.edu/catalog/1004.html

http://www.nap.edu/catalog/1004.html


may change with no corresponding shift in hourly earnings as a result of
changes in the shares of full- and part-time employment within the work force.

The Distribution of Earnings and Income

Nearly all of the analyses to date (most of which examine data from the
CPS compiled by BLS) agree that household income inequality—however it is
measured—has increased during the past two decades. This tendency reverses a
previous trend of increasing equality, which appears to have peaked in the late
1960s. The current level of inequality in the U.S. household income distribution
is slightly less pronounced than in 1947 (Levy and Michael, 1983).

Researchers have used several measures of household income to reach
these conclusions. Blackburn and Bloom (1987) analyzed changes in the
distribution of total household income (including income derived from sources
not related to the occupations of household members—e.g., interest income)
and the distribution of household earnings during 1967-1984.14 Analyzing
changes in the number of households in each quintile of this distribution,
Blackburn and Bloom found that the distributions of both household income
and household earnings exhibited increasing inequality during this period. In
the case of total household income, increased inequality reflected increases in
the number of households classified as "upper middle" or "upper" class, at the
expense of middle class households. The distribution of household earnings
displayed a similar trend while also exhibiting growth in the number of
households whose total earnings placed them in the ''lower" class. Levy and
Michael (1983) adjusted household income for taxes paid and food stamps
received and found increasing inequality in the distribution of this category of
household income. Thurow (1987) used data from the U.S. Bureau of the
Census to trace declines during 1969-1985 in the share of total income received
by the poorest 60 percent of the population. During this period, the income
share of the top 20 percent of all U.S. families increased.

14 Blackburn and Bloom divided the distribution into five categories, or quintiles.
"Lower class" households received incomes of less than or equal to 60 percent of the
median income; "lower middle class" households received incomes greater than 60
percent but less than or equal to 100 percent of the median income. "Middle class"
households received incomes greater than 100 percent but less than or equal to 160
percent of the median income: "upper middle class'' households received incomes greater
than 160 percent of the median income but less than or equal to 225 percent of the
median; and "upper class" households received incomes greater than 225 percent of the
median income.
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The evidence on trends toward polarization in the distribution of earnings
in the U.S. economy is much weaker than it is for the distribution of income
during the past two decades. Blackburn and Bloom (1986) found "no evidence
of any trend in the dispersion [i.e., polarization] of annual individual earnings
over time" (p. 7) during 1967-1983, based on analyses of data for the "principal
earners" in each household. Kosters and Ross (1987) found that the dispersion
of average hourly earnings (a measure of the inequality of the distribution of
earnings—i.e., greater dispersion implies a more unequal distribution) for full-
time workers has declined since 1973.

Other researchers, however, have detected some tendency toward
increased inequality in the earnings distribution. Henle and Ryscavage (1980)
detected a modest tendency toward increased inequality in the annual earnings
of all workers during 1958-1977, although this polarizing trend peaked during
1968-1973, well before technological or other forms of employment
displacement were a major concern.15 Moreover, Henle and Ryscavage found
growing earnings inequality only among part-time workers, a group that largely
excludes the "principal earners" analyzed by Blackburn and Bloom.
(Interestingly, the distribution of the earnings of women does not exhibit
increasing inequality during or after this period.) Blackburn and Bloom (1987),
however, suggest that during 1967-1984, the inequality of the annual earnings
distribution may have increased among both full- and part-time male workers
(although the inequality of the earnings distribution among women declined
during this period). Tilly et al. (1987) also found increases in the inequality of
annual earnings among male workers during 1979-1984, although their results
are influenced by declines in labor force participation among older male
workers and by the poor performance of the economy during this period. As in
the case of Bluestone and Harrison (1986), the magnitude of the increases in
earnings in equality found by Tilly et al. (1987) therefore may be sensitive to
the choice of years for analysis. Without additional data and analysis, it is
difficult to determine the significance or durability of any trend toward greater
inequality in the earnings distribution.

Explaining the Trends

The trends in the distribution of household income reflect changes in the
structure of the American family and increased participation by

15 The results of the Henle-Ryscavage analysis conflict with the findings of Harrison
et al. (1986), who detected no trend toward increased earnings inequality prior to the late
1970s. Harrison et al. found increasing inequality in the earnings distribution beginning
in the late 1970s.
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women in the labor force, all of which affect household income rather than
individual wages. The number of single-parent, low-income households has
grown since the 1970s, fattening the lower "tail" of the family income
distribution. The number of two-earner households also has grown, which has
led to some expansion in the upper reaches of the income distribution.
According to Levy and Michael (1983), changes in federal tax and income
support policies during the early 1980s also increased household income
inequality. Reductions in transfer payment programs benefiting low-income
households, combined with large tax reductions in the uppermost income
brackets, increased the polarization of the distribution of after-tax income.

What factors might account for any observed increases in the dispersion of
earnings? Among the least likely causes are movements of workers from
manufacturing into service sector occupations or a change in the structure of the
work force within high-technology industry. The current share of manufacturing
within total U.S. employment is sufficiently small, and the size of the middle-
income share of the manufacturing work force sufficiently resembles that of
nonmanufacturing, that movements of labor out of manufacturing have little
effect on recent earnings trends (Lawrence, 1984).17 Moreover, the
characteristic form of structural change within this economy does not involve a
large net outflow of labor from manufacturing into nonmanufacturing
employment; rather, it reflects more rapid employment growth in the
nonmanufacturing sector than in manufacturing industry. During the past seven
decades, employment has been growing in industries in which average wages
currently are lower than in manufacturing. At the same time, however, the
occupational structure of the U.S. economy has shifted in an opposite direction,
with faster growth in higher-skill, higher-wage occupations (Leon, 1982;
Singelmann and Tienda, 1985). Partly for this reason the gap in average wages
between manufacturing and rapidly growing nonmanufacturing sectors such as
business services (which include computer services and consulting) has been
shrinking during the past decade (Howe, 1986). Many declining manufacturing
industries—for example, textiles, apparel, and leather products—now pay
wages that are low in comparison with those paid by much of the services sector.

There is little evidence to suggest that newer high-technology
manufacturing industries have occupational structures that support increases in
the inequality of the earnings distribution. Data from the 1980 census

17 Blackburn and Bloom (1987) concluded that the impact on the earnings distribution
of shifts in the sectoral distribution of employment during 1967-1984 was small.
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(Lawrence, 1984) suggest that high-technology industries "have smaller shares
of lower-class jobs than manufacturing in general has, and almost all of them
have larger shares of middle-class jobs" (p. 4). Assertions that technological
change will produce a "two-tiered" work force, reducing the skills (and
earnings) of a large share of jobs while producing a much smaller number of
highly paid jobs for scientists, managers, and engineers thus receive little
support from either this evidence on occupational structure in high-technology
industries or the evidence on skill requirements discussed above.

Demographic trends and slow economic growth, rather than technological
change, appear to be the primary causes of any tendency toward earnings
polarization. Dooley and Gottschalk (1984) found that increases in the
inequality of the distribution of weekly and annual earnings for males were
attributable to the "baby boom and bust" since World War II, which brought
large numbers of workers into the labor force during the late 1970s and early
1980s. This surge in the labor supply, along with low productivity growth and
continued growth in the real wages of established workers covered by cost-of-
living clauses in labor contracts, resulted in entry-level wages that were lower
and that grew more slowly than the wages of older workers. Slow growth in
earnings, which contributes to such increases in earnings inequality as are
detectable, appears to be concentrated among workers between the ages of 25
and 34 (Lawrence, 1984). Because of low productivity growth, these new
entrants have not experienced the rapid increases in earnings that had
characterized previous cohorts.

The lower end of the earnings distribution thus appears to have expanded
as a result of demographic and productivity trends rather than because of
technological or structural changes (Levy and Michael, 1985). BLS projections
of future employment growth do not suggest that the jobs of the future will
produce additional polarization in earnings. Indeed, Rosenthal (1985) maintains
that these projections "show an increasing proportion of employment in higher
than average earnings occupations and a declining proportion in occupations
with lower than average earnings, rather than a trend toward bipolarization" (p.
6).

Completion of the absorption of the large baby boom cohort into the labor
force should reduce earnings inequality somewhat, whereas the expansion of
income transfer and entitlement programs could offset trends toward increased
inequality in the distribution of income. A resumption of productivity growth
also appears to be a major component of the solution to the problem of earnings
dispersion; because technological change supports such growth, it may help to
reverse any trends toward the polarization of earnings in the U.S. economy.

The evidence suggests that reports of a vanishing middle class due to
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technological change are exaggerated. The existing and very disturbing
tendencies toward increased inequality in the distribution of income reflect
changes in government policy, family structure, and labor force participation
rather than the effects of technological change. Earnings, rather than household
incomes, is the variable that should be most responsive to technologically
induced changes in employment opportunities; but the hypothesis that the
distribution of earnings has become more unequal receives limited support from
the data. The data on the earnings distribution (e.g., Henle and Ryscavage,
1980) also suggest that much of the growth in earnings inequality predates the
recent period of concern over technological and structural change in the U.S.
economy. Trends in the distribution of earnings also appear to be influenced
more by demographic than by technological factors, as well as by slow growth
in productivity and in the overall economy.

There is certainly cause for concern in the apparent inability of the young
workers of the 1980s to experience the earnings growth and employment
expansion that was the lot of their predecessors in the 1950s and 1960s. To
ascribe this circumstance solely to the effects of technological change, however,
would be incorrect. The panel believes that the answer to this problem is to be
found in policies that will support a resumption of productivity and output
growth at the levels of the 1950s and 1960s. We further believe that the
increased use of new technologies, in conjunction with policies to facilitate
adjustment to them, is indispensable to the achievement of this goal.
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5

Differential Technology Impacts: Black
Workers, Female Workers, and Labor

Force Entrants
Technological change may differentially affect workers from various

demographic or ethnic groups. In this chapter, we briefly examine the effects of
new technology on three such groups: black workers,1 female workers, and
labor force entrants. The evidence, limited as it is, indicates that the direct
effects of technological change on these groups will be minor. Nevertheless,
concerns have long been expressed (see Harrington, 1962; the National
Commission on Technology, Automation, and Economic Progress, 1966) that
employment opportunities for young and minority workers in the future U.S.
economy may be reduced as a result of technological change. Those concerns
have not diminished since the 1960s—unemployment rates among minorities in
the United States, especially rates for black youths, have shown a disturbing
pattern of increase relative to those for whites. What are the likely impacts of
technological change on the employment prospects of minorities and labor force
entrants, as well as for women?

BLACK WORKERS

Technological change may affect the employment prospects of black
workers in at least three ways:

1 The results of a less detailed analysis of the employment effects of technology for
Hispanic workers are reported later in this chapter.
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1.  They may be concentrated in occupations and industries that are
particularly vulnerable to technological change.

2.  Once displaced by technological change, black workers may face
particular difficulties in obtaining new jobs.

3.  The economic welfare of black workers also may be affected by the
impact of technological change on the skills required for
employment. If technological change increases the skill
requirements of jobs and black workers are not well prepared
educationally to deal with such changes, they may be detrimentally
affected by the introduction of new technology. Some scholars
(e.g., Kasarda, 1986) have suggested that the concentration of
minority populations in central cities in which high-skill jobs are
being created may restrict employment opportunities for blacks and
Hispanics.

Each of these possibilities is discussed more fully below.
Occupational forecasts by the U.S. Bureau of Labor Statistics (1986b) can

be combined with data on the racial composition of occupations from the 1980
Census of Population of the Bureau of the Census to reveal the race (black or
white) and gender of workers in occupations identified by BLS as likely to
experience absolute employment declines due to technological change in the
United States. These data provide rough estimates of the potential negative
effect of technological change on black employment opportunities. Eleven
occupations (out of more than 350 occupations with at least 25,000 workers for
which BLS prepares 1995 forecasts) are projected to experience absolute
declines through 1995 as a result of technological change (see Table 5-1, later
in this chapter). The 11 occupations (discussed in Chapter 4) include several
clerical and administrative support groups; within these groups, historical
patterns of job growth, skill requirements, and discrimination have contributed
to an overrepresentation of blacks. Blacks account for 12 percent of the workers
in these declining occupations, a slightly higher proportion than their 11 percent
share of the 1986 labor force.

Assuming that the current racial composition of employment in declining
occupations remains unchanged through 1995, black employment opportunities
in these occupations could be reduced by 30,000 jobs, admittedly a small
fraction (at most 0.3 percent) of projected employment growth through 1995
(10 million-21 million jobs).2 The BLS forecasts have often underestimated the
magnitude of declines in specific occupations, but even assuming that the
magnitude of these declines is twice as

2 The U.S. Bureau of Labor Statistics (1986b) published three estimates of
employment growth for 1984-1995. The bounds on the 10 million-21 million range
correspond to the low and high BLS projections.
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large as that forecast by BLS still yields a very small impact on employment
(60,000 jobs). If the racial composition of these occupations changes so that the
share of blacks in these positions increases above their 1980 levels, the
displacement consequences of technological change could be more severe than
these projections suggest. Barring such increases, however, the prospective
negative impacts of technological change on black employment appear to be
small.3 Moreover, some evidence suggests that the overrepresentation of blacks
in these occupations has been declining rather than growing during the past two
decades. The U.S. Equal Employment Opportunity Commission's (1985)
analysis of employment trends for minority and female workers is too highly
aggregated to support strong conclusions, but it suggests that during 1967-1983
the overrepresentation of blacks in most of these occupational categories has
declined; the one exception to this trend is the share of black women in clerical
employment, which increased. If this decline in overrepresentation continues,
the adjustment of blacks to technological change should be further eased.

Once displaced by technological change or other causes, however, black
workers do not fare as well as white workers with similar backgrounds. As we
noted in Chapter 3, Podgursky's (1987) analysis of factors influencing the
duration of displacement, which controlled for the educational attainment and
other attributes of displaced workers, found that the influence of race on the
duration of unemployment outweighed that of any other variable (including
tenure in a job prior to displacement). Although blacks account for nearly 13
percent of the total population of displaced male, blue-collar workers, their
share of the population of workers unemployed for 52 weeks or more is 18
percent. The black-white gap is even greater in the duration of unemployment
for black service workers and black women displaced from manufacturing and
nonmanufacturing industries.

Although the BLS forecasts suggest relatively stable employment
opportunities for blacks, Kasarda (1986) has argued that the geographic
implications of technological change may reduce employment opportunities for
urban minority populations. He contends that information technology has
increased job opportunities in relatively high-skill occupations located in central
cities while reducing employment opportunities in other sectors. According to
Kasarda, members of urban minority populations with limited educational
backgrounds are less likely to obtain these high-skill jobs. At the

3 A similar analysis for Hispanic workers found that they were underrepresented in all
of the 11 occupations projected by BLS to decline as a result of technological change.
Total projected employment declines for Hispanics in these occupations amount to 0.1
percent of the 1986 Hispanic labor force in the United States.
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same time, lower-skill manufacturing jobs are moving out of central cities,
reducing the accessibility of such jobs to minority workers.

Kasarda's argument rests on several assumptions about the skill
requirements of new technologies that were discussed in Chapter 4. Contrary to
his assumptions, technological change does not appear to result in dramatic
increases in the skills required for entry-level jobs. Most workers are able to
obtain computer and other "new technology" skills through on-the-job training
and experience. Technological change does, however, appear to increase the
importance of basic skills for individuals seeking employment at any point
during their careers. To the extent that black or other minority job seekers do
not have strong basic skills, they will face difficulties in both the urban and
suburban job markets.

The geographic component of Kasarda's hypothesis also is largely
untested. Recent empirical work (Ellwood, 1986) has questioned the
significance of geographic proximity, as opposed to race, in an analysis of the
effect of distance and travel time on the employment opportunities of men in
Chicago. Race appeared to be more significant than proximity to employment in
explaining differences in the employment rates of otherwise comparable young
white and black workers. This and other evidence (e.g., on the duration of
unemployment for displaced black workers) suggests that a significant share of
the difficulties faced by blacks in adjusting to technological change, whether
they are displaced workers or entrants seeking employment, is due to racial
discrimination. Policies to combat discrimination should reduce the difficulties
faced by minority workers in adjusting to technological change.

As is generally the case in considering the employment impacts of
technological change, the state of the overall economy plays a major role in the
way new technology affects minority employment prospects. Full employment
is especially beneficial for minority workers. The effect of a full-employment
economy on job opportunities for blacks, and especially for young blacks, is
illustrated by analyses of minority unemployment in New England, where the
unemployment rate fell to 4.4 percent in 1985. Although unemployment among
blacks (7.7 percent) remained nearly twice as high as that among whites (4.3
percent), the unemployment rate for blacks in New England was about half that
for blacks nationwide (15.1 percent). The unemployment rate for black
teenagers in New England, although still very high (20.9 percent), was far lower
than the national rate of 40.2 percent. In addition, the gap between the
unemployment rates of white teens and black teens narrowed to 9.6 percentage
points in New England, far lower than the national gap of 24.5 points
(Harrington and Sum, 1986).

Technological change should not greatly affect the employment prospects
of black workers. Nonetheless, for blacks as well as whites who lack basic
skills, such prospects are dim, and they would remain so for the foreseeable
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future even if technological change were somehow to stop tomorrow. Policies
that reduce occupational segregation and discrimination in the labor market will
aid the adjustment of minority groups to technological change and will benefit
society as a whole; a more robust economy will greatly improve minority
employment opportunities. Yet, limited access by urban minority populations to
quality education in basic skills impairs the ability of these groups to adapt to
the requirements of a technologically advanced workplace. The data in
Chapter 3 suggest that black and Hispanic workers continue to lag behind white
workers in educational attainment, although the gap is steadily shrinking.
Continued efforts to close this gap, combined with improved access to basic
skills training for employed or displaced workers, are crucial in easing the
burden of adjustment to technological change for black and Hispanic workers.

FEMALE WORKERS

There is insufficient evidence to make even a cautious estimate of the long-
term effects of technological change on employment for women. The National
Research Council's Panel on Technology and Women's Employment (1986)
reviewed trends for 37 clerical occupations representing approximately 29
percent of women's employment and concluded that there was little likelihood
of "massive technologically induced unemployment" (p. 125). Still, the panel
noted that the introduction of advanced information and computer technologies
thus far had resulted in relative, and in some cases absolute, declines in back-
office clerical jobs while supporting increases in positions requiring greater
contact with customers. Minority women are particularly affected by this shift;
they are more highly concentrated in occupations (i.e., clerical and
administrative support occupations such as those of postal clerk, file clerk, data-
entry operator, and telephone operator) in which employment is projected either
to grow slowly or decline (U.S. Bureau of Labor Statistics, 1986b).

BLS's 1995 occupational projections also suggest that technological
change will reduce growth in a number of occupations in which women
historically have been heavily represented. Five of the 11 occupations that BLS
predicts will experience an absolute employment decline as a result of
technological change have work forces in which 75 percent or more of the
workers are women (Table 5-1). Assuming that the current gender composition
of these occupations is unchanged by 1995,4 these

4 The National Research Council's Committee on Women's Employment and Related
Social Issues (1986) projected that declines in occupational segregation by sex would
continue through the 1980s and 1990s but would occur more slowly than they had in the
1960s and 1970s.
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employment declines could reduce job openings for women in these
occupations by approximately 115,000 jobs. Combined with losses in other
declining occupations, total reductions in job openings for women due to
technological change could reach 136,000. The total reduction in job openings
is approximately 0.2 percent of the projected 1995 female labor force and
roughly 0.6-1.4 percent of the projected growth in jobs through 1995; an
employment reduction of this magnitude should not pose a serious adjustment
problem (U.S. Bureau of Labor Statistics, 1986b). The more pessimistic
forecasts of reduced clerical employment discussed in Chapter 4 (see Leontief
and Duchin, 1985, and Roessner et al., 1985) rely on weak assumptions and
methodologies and are not endorsed by this panel.

Like minority workers, displaced female workers experience longer spells
of unemployment than white male workers. Podgursky (1987) found that in
both blue-collar and white-collar occupations, displaced women had a higher
incidence of long-term unemployment than men. Among displaced blue-collar
workers, 37 percent of women experienced unemployment spells of 53 weeks
or more versus 30 percent of men. Among white-collar workers, 26 percent of
the displaced women experienced more than 53 weeks of unemployment versus
15 percent of displaced men.

Female workers do not appear to face differentially severe employment
losses as a result of technological change. The women's job losses that are
forecast by reliable analysts are modest in size and will be offset many times
over by growth in employment opportunities for women. The secondary
educational attainment of female workers exceeds that of male workers, which
suggests that women in fact may be better prepared to deal with the workplace
of the future. Employment prospects for women will be further improved by
continued enforcement of such policies as affirmative action, which discourage
sexual discrimination and occupational segregation. Even with economic
growth and reduced discrimination, however, gaining and retaining a job will be
difficult for the 7 million women workers 18 years and older (14 percent of the
1986 female labor force) whose failure to complete high school implies
weaknesses in their basic skills (U.S. Bureau of Labor Statistics, Office of
Employment and Unemployment Statistics, 1986).

LABOR FORCE ENTRANTS

Typically, individuals first enter the labor force between the ages of 16 and
24.5 For most, the early years of work are characterized by spells of

5 The impact of technological change on the employment prospects for women over
16-24 years of age who enter the labor force is discussed in the previous section.
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voluntary part-time or short-term employment during schooling. On leaving
school, they enter a career path that over their lifetimes will involve working for
an average of 10 employers (Hall, 1982). Most of the jobs first held by entrants
to the labor force are concentrated in service, sales, and administrative support
occupations (Table 5-2); less than 10 percent are in professional or executive
categories. Over time, as entrants gain work experience and move into craft,
technical, executive, and professional occupations, the occupational distribution
of a particular cohort of entrants comes to resemble that of the overall labor
force.

TABLE 5-2 Occupational Distribution of Labor Force Entrants in 1983 and Total
Projected Growth, by Category, 1984-1995
Occupation 1983 Employment Ages

16-24 (%)
1984-1995 BLS Forecast
Employment Change (%)

Executive, administrative,
and managerial workers

3.5 22.1

Professional workers 5.3 21.7
Technicians and related
support workers

2.9 28.7

Sales workers 14.2 19.9
Administrative support
workers, including clerical

17.6 9.5

Private household workers 1.7 -18.3
Service workers, except
private household

19.2 21.3

Precision production, craft,
and repair workers

8.9 11.7

Operators, fabricators, and
laborers

18.3 7.3

Farming, forestry, and
fishing workers

3.2 -3.0

Active duty military 5.3 n.a.

Sources: The figures for 1983 employment are based on unpublished data from the BLS January
1983 Current Population Survey and unpublished (1987) information from the Defense Manpower
Center, Arlington, Virginia. The 1984-1995 BLS forecast data are from the U.S. Bureau of Labor
Statistics (1986b).

How will labor force entrants be affected by technology-induced changes
in the structure of their employment opportunities? According to BLS forecasts,
only two of the entry-level occupational groups listed in Table 5-2 (farming,
forestry, and fishery workers and private household workers) will decrease in
size during the next decade for any reason, including technological change.
Steady economic growth, together with a projected decline in the rate of growth
of the labor force (see Chapter 3) from roughly 2.3 percent per year during
1970-1986 to a projected level of roughly 1.2 percent per year during
1984-1995 (U.S. Bureau of Labor Statistics, 1986b), should offer entrants with
basic skills reasonable prospects for entry-level employment through the next
decade. Indeed, employers who
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rely on this labor pool to fill vacancies, such as the military, are likely to
encounter increased competition for these entrants.

For those entrants who lack basic skills, however, the future will be less
promising, according to COSEPUP's Panel on Secondary School Education for
the Changing Workplace (1984). Even the full-employment economy of New
England currently displays unemployment rates for teenagers in excess of 10
percent. Many (though by no means all) of these individuals lack the basic skills
necessary to take advantage of existing job opportunities. A full-employment
economy can help many, but for entrants with basic educational deficiencies,
even a full-employment economy may be insufficient.

DIFFERENTIAL TECHNOLOGY IMPACTS: BLACK WORKERS, FEMALE
WORKERS, AND LABOR FORCE ENTRANTS

121

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Technology and Employment: Innovation and Growth in the U.S. Economy
http://www.nap.edu/catalog/1004.html

http://www.nap.edu/catalog/1004.html


6

Technological Change and the Work
Environment

The impacts of technological change on employment within the U.S.
economy extend well beyond the availability of jobs and the wages associated
with those jobs. Technology also affects the organization of work and the
structure of the firm; as we discussed in Chapter 2, the adoption of new
technology in many industries and firms requires significant changes in the
organization of the work process to realize the potential productivity gains of
innovations. In addition, labor relations and human resources policies are
affected. Cooperation between labor and management is essential to address
worker concerns about employment security and to plan the large-scale
adoption of new technology and the development of new systems for job
classification and compensation. New technologies also may have important
effects on health and safety in the workplace, imposing new demands on private
and public policies and organizations charged with responsibility for regulating
workplace hazards.

THE IMPACT OF TECHNOLOGICAL CHANGE ON
ORGANIZATIONAL STRUCTURE

Evidence of the effects of technological change on organizational structure
can be found in three bodies of work: case studies of individual firms, studies of
changes in the occupational structure of sectors or the entire economy, and
studies of changes in the occupational and organizational structure of individual
industries. As in the case of the employ
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ment impacts of technological change, this evidence is mixed in its quality and
conclusions because of several major shortcomings. As we suggested in
Chapters 2 and 5, the skill requirements and job characteristics of many of the
occupational categories for the overall U.S. economy can change significantly
over time. Occupational categories also have undergone considerable
redefinition in successive published tabulations of occupational data (see the
1980 report of the National Research Council's Committee on Occupational
Classification and Analysis), which makes longitudinal comparisons extremely
difficult. This analytic approach also is hampered by the fact that the impact of
technology on changes in firm and workplace structure frequently cannot be
disentangled from that of other influences, such as increased international
competition. Finally, as was discussed in Chapter 2, the relationship between
technology and the structure of the firm and workplace is interactive—
technology influences but does not ''cause'' a particular structure. Organizational
factors and managerial decisions often influence the effects of a given
technology on workplace structure and worker skills. Separating the influence
of technology on organizational structure from that of other factors and
assigning a causal role to this factor are very difficult tasks.

In view of these limitations, the following discussion of changes in the
structure of the firm draws heavily on a limited number of case studies and
examples, rather than on comprehensive evidence. These studies suggest that
the adoption of new technologies will transform the content of many jobs in
both the manufacturing and nonmanufacturing sectors. The new jobs that result
will involve a wider range of functions or duties, training for these more
numerous tasks, and (as discussed in Chapter 4) more emphasis on mental
acuity than on physical strength. Moreover, despite contentions and anecdotal
evidence to the contrary, we do not expect that the adoption of these
technologies will reduce opportunities for intrafirm advancement and thereby
produce a "two-tiered" labor force.

The Structure of the Firm

We can better understand the effects of new technologies on
manufacturing and service sector firms by considering the technological origins
of the structure of the U.S. firm and its production organization. The
organizational structure of the modern U.S. manufacturing firm arose during the
late nineteenth century in response to innovations in production processes that
favored the development of continuous-flow, mass-production technologies for
the manufacture of goods. The development of low-cost, reliable, and rapid
modes of communication and transportation also influenced the structure of the
firm. Reductions in the costs of
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managing the flow of goods and information within a single organization
increased the payoffs from centralizing the management of a growing number
of production plants and a broadening range of activities within the firm
(Chandler, 1976). These changes resulted in an expansion of the geographic
area that could be served by a single production plant, as well as an increase in
the number of production establishments that could be managed by one
organization.

Within many manufacturing and nonmanufacturing establishments, the
work process was organized along lines pioneered by Henry Ford and Frederick
Taylor in the early twentieth century. Tasks were broken down into a series of
relatively unskilled, repetitive activities, the performance of which relied on
specialized capital equipment. The production assembly line had an analogue in
the large keypunching and data-entry "back-room" operations of the central
management staff of manufacturing and nonmanufacturing firms.

Although controlling the pace of work and the structure of jobs was the
exclusive province of management within this work environment, unions sought
to establish internal employment regulations based on seniority and job
classifications. Narrow job classifications for production workers allowed
management to rely on lower-level managers, rather than workers, to make
decisions and also lowered the firm's costs for training replacements for
workers leaving the firm. From the union's viewpoint, narrow job classifications
increased the number of workers on the payroll while protecting senior workers
from displacement. Although these practices benefited both labor and
management, they also contributed to the development of an adversarial
relationship between these groups in many industries and workplaces.

The technologies of product design and manufacture within this
environment relied on long production runs of standardized goods, a system that
was developed to defray the high costs of specialized capital equipment. "Hard"
automation—for example, automatic drill presses—is representative of the
manufacturing process technologies associated with this production structure;
machinery was specialized, the pace and characteristics of tasks generally were
beyond the control of the individual worker, and changes in product design
were time-consuming and expensive. Management's control of production
processes, as well as the growth in nonmanufacturing functions within the large
firm (e.g., marketing and product distribution), meant that middle management
employment expanded considerably within U.S. manufacturing firms. These
middle managers exhibited considerable specialization by function; research,
product development, and design often were carded out separately from
production engineering.

In many firms this organizational structure is now changing in ways that
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have been facilitated, if not always caused, by new manufacturing and
information technologies. For example, information technologies have lowered
the costs of managing information, which in some instances has reduced the
advantages of intrafirm management and performance of such activities as
marketing or research. The advantages of the large firm, which were rooted for
many years in the low costs of intrafirm communications, are being eroded in
some industries by the rapid decline in the costs of intrafirm communication, in
addition to other factors. Together with intensified international competition,
this development has led U.S. firms in some industries to rely on external
sources for administrative and support services, which often results in "spinning
off" portions of these activities to other organizations. Consequently, the
number of employees in some large U.S. manufacturing firms is growing very
slowly or is shrinking. Simultaneously, growth in the business services sector
generally, and in the temporary worker industry in particular, has been very
rapid (Carey and Hazelbaker, 1986; Howe, 1986). Similar trends are apparent in
other industrial nations. (See Pearson, 1986, for a discussion of this
phenomenon in Great Britain.)

The case of the Benetton Group of Italy illustrates one pattern of change in
firm structure (see Belussi, 1986). Sales of Benetton, an international producer
of woolen goods, have increased from 55 billion lira in 1978 (at current
exchange rates, roughly $42 million), when the firm consisted of roughly 1,000
employees, to more than 623 billion lira (nearly $480 million) in 1984 with only
1,600 employees. Through extensive reliance on subcontractors and
franchisees, the firm has grown rapidly in domestic and international markets
while expanding its management staff very little (total headquarters
employment at Benetton in early 1986 amounted to fewer than 250 people). To
accomplish this feat, Benetton maintains communications with retailers and
minimizes inventories through technologies that support an intensive, two-way
flow of information between the firm's far-flung retailing operations (a thousand
stores in at least seven industrial nations) and the northern Italian headquarters
of the firm in Ponzano.

The future growth of middle management in large manufacturing and
nonmanufacturing firms may well be much slower or even nonexistent because
of the restructuring of these firms. Much of the work control function formerly
performed by supervisors and middle managers is now superfluous—
increasingly, control and monitoring activities are embodied in hardware and
software installed on a production line or at a desktop computer or workstation.
The displacement (or reduced employment growth) of middle managers within
individual firms, however, must not be confused with reductions in the total
employment of white-collar workers within the U.S. economy. There will
continue to be ample employment
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opportunities for individuals with white-collar managerial qualifications—BLS
projections for white-collar and professional occupations (U.S. Bureau of Labor
Statistics, 1986b) forecast growth through 1995—but these opportunities may
be located less frequently within a large firm.

Another organizational change that is being encouraged in some sectors by
the conjunction of advances in information technology, higher research costs,
and greater international competition is increased interfirm collaboration in
product development and manufacture. International collaboration in the
development of commercial aircraft, engines, and other products relies heavily
on the rapid digital transmission of design and test data through satellite links,
as well as on the exchange of design, engineering, and test data and
specifications on computer tapes (Brooks and Guile, 1987; Mowery, 1987).
Domestic and international technology transfer among firms in many
manufacturing industries will increase considerably as a result of collaboration
among firms in product research and development.

Within firms, as noted in Chapter 2, the successful exploitation of CIM
technologies, as well as computer-aided design and manufacturing, frequently
requires that firms reduce organizational barriers to cooperation among
different functional areas.1 Compton and Gjostein (1986) argue that "the
computer will undoubtedly assist in reducing the time required to complete a
design and bring it into production. The key to such reductions is the
transformation of design from a serial process to a simultaneous one..." (p. 94).
In addition, more rapid rates of international technology transfer, as well as
intensified international competition, mean that U.S. firms must move new
products from laboratory to market more rapidly; in some U.S. firms, this
development has contributed to the more extensive use of project teams
combining research, design, production engineering, and marketing personnel
for product development efforts. New product development periods often can
be shortened significantly by increased collaboration between product design
and production engineering staffs. In addition, in some U.S. industries, the
imperative for more rapid development of new designs and the modification of
existing ones, combined with lower direct labor costs resulting from the use of
computer-aided manufacturing technologies, may reduce the attractiveness of
offshore assembly and fabrication (Cyert, 1985; Sanderson, 1987).

1 As is true of other changes wrought by the adoption of computer-based technologies,
however, the development of project teams does not depend solely on the adoption of
computer-integrated or other computer-based manufacturing technologies. Japanese
manufacturing firms, for instance, used multifunction project management teams for a
number of years prior to their adoption of computer-based manufacturing technologies
(Abegglen and Stalk, 1986).
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The Structure of the Workplace

The adoption of information and computer-based manufacturing
technologies will place new demands on individual workers. As was noted
previously, the adoption of these technologies in many industries means that
functions formerly performed by middle management will move downward
within the organizational structure—to the teller, clerk, or machine operator.
The breadth of the tasks performed by workers in many cases also will expand.
As the National Research Council's Committee on Effective Implementation of
Advanced Manufacturing Technology (1986) has noted, many jobs in the CIM
establishment "... include more planning and diagnosis, and both operating and
maintenance duties, in recognition that traditional distinctions between such
tasks are blurring" (p. 3). Tasks that formerly were separate can be integrated in
a single workstation by the worker with a computer.

This expansion in the range of tasks performed by a worker is likely to
increase the requirements for employers to provide training in job-related skills,
although the job-related skill requirements for entry into a job should not be
affected, as noted in Chapter 4. Management has a number of incentives to
encourage the acquisition by workers of the capabilities to perform more tasks,
or "multiskilling." Coordination is easier when workers can perform a greater
variety of activities. Workers also perform better (productivity increases, as
does attention to product quality) when they can see the relationship between
their job and other jobs, a relationship that becomes clearer when the worker is
trained to perform more than one job.

From a worker's point of view, multiskilling can lead to higher wages or
the retention of current wages. Most workers also find multiskilled jobs to be
more interesting and challenging than single-skill jobs. Serious disincentives to
investment by firms in such training arise from its costs, which may be
particularly burdensome for small firms, and the fact that it may be difficult for
firms to recover the fruits of their investments in training (see Chapter 7).

As we noted in Chapter 4, the increased use of advanced manufacturing
technologies means that worker productivity will depend more on mental ability
than on physical effort. Diagnostic skills will be necessary to recognize a
potential problem before a machine, a production cell, or an entire plant shut
down and cause expensive production delays. These changes in the duties of
workers will force changes in the criteria for selecting, promoting, and
rewarding workers in the CIM or office workplace. Moreover, the steady
evolution of the technologies used within the office or factory, as well as the
greater responsibility of workers for controlling production quality and speed in
many industries, means that
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training and retraining in these industries may have to be continuous rather than
sporadic. The knowledge requirements and responsibilities of production
workers may well come to resemble those of engineers, who have long
recognized the need for constant upgrade and "brush-up" training to keep up
with changes in their fields. On the one hand, employers and other institutions
will have to provide training on a continuous basis; on the other, the work force
will have to adapt to these changing requirements.

A number of researchers (Appelbaum, 1984; Baran, 1986; U.S. Congress,
Office of Technology Assessment, 1986b) have expressed concern about the
effects of computer-based technologies on opportunities for internal promotion
within service and manufacturing firms. Will upward mobility within the
workplace be reduced as a consequence of reductions in the skill requirements
for entry-level jobs and increases in the educational qualifications for high-level
management positions? These misgivings were echoed in the widespread belief
voiced by respondents to the Cambridge Reports (1986) poll that information
and computer technologies were moving the U.S. work force toward a two-
tiered structure, characterized by a technological elite and a large group of low-
skill workers engaged in data entry and hamburger turning. This two-level
characterization of the future workplace, however, rests on assertions
concerning skills that we contested in Chapter 4; it also predicts changes in the
distribution of earnings and income that disagree with the data presented in that
chapter.

The evidence gathered by this panel on trends in the occupational structure
of the U.S. work force does not support the hypothesis that technological
change leads to a polarized aggregate occupational structure. Singelmann and
Tienda (1985) analyzed data on occupational trends within industries,
concluding that during 1970-1980, occupational upgrading, rather than
polarization, characterized the U.S. economy. Much of this upgrading reflected
changes in the occupational mix within industries, rather than shifts in the
relative importance of sectors with contrasting occupational mixes: "This turn-
around of the relative importance of intra-industry occupational shifts on total
occupational change is—if continued—of major importance, because it implies
possibilities for future occupational upgrading even after the industrial
transformation towards a service economy has been completed" (Singelmann
and Tienda, 1985, p. 64).2 Technological change thus does not appear to be
systematically "deskilling" workers or creating a two-tiered work force,
although additional evidence on occupational trends and continued monitoring
are needed.

2 Similar evidence on changes in the U.S. occupational structure is found in the work
by Rosenthal (1985) and Lawrence (1984) discussed in Chapter 4.
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LABOR-MANAGEMENT RELATIONS AND THE
IMPLEMENTATION OF TECHNOLOGICAL CHANGE

Many of the previous innovations of the post-1945 period could be
accommodated without great changes in the structure of the firm and
workplace. Information and computer-based technologies, however, pose
fundamental challenges to the existing organization of many firms (as discussed
previously) and therefore place great demands on the relationships between
labor and management in the manufacturing and office workplace. Thus far,
U.S. labor and management have been slow to develop creative and cooperative
responses to these demands, although there are important and heartening
exceptions to this generalization. Nonetheless, we are concerned that managers
and workers may not appreciate the need to change many of the management
practices and divisions of responsibility that historically have governed their
activities.

The changes in the structure of the firm and the workplace offered by new
technologies in many cases lead to more satisfying, stimulating work. Both
labor and management stand to gain from the smooth, rapid adoption of these
innovations. Yet such adoption has proceeded slowly within many sectors of the
U.S. economy. Moreover, the full productivity gains from the adoption of
computer-based manufacturing processes have been realized only slowly, if at
all, in many production establishments. In this section, we discuss strategies for
managing the adoption of new technologies, drawing on the study by the
National Research Council's Committee on the Effective Implementation of
Advanced Manufacturing Technology (1986) and on other case study evidence.

Human Resources Challenges and Strategies

Successful implementation of new technologies often requires
considerable modification of the tasks performed by individuals in the
workplace and the skills required to fill those jobs. Many of these changes apply
to both management and labor—if workers are to exercise greater control over
the pace and character of work, the duties of supervisors and middle
management also must be modified.

Our examination of the evidence, which is largely anecdotal, has led to the
conclusion that "best-practice" (i.e., most effective, equitable, and productive
for management and labor) strategies for meeting these challenges involve
several elements. First, successful adoption of new technology requires strong
assurances from management to the work force concerning job security. These
assurances enable management to retain the loyalty and commitment of the
work force and may reduce turnover rates among workers who have been
retrained at considerable

TECHNOLOGICAL CHANGE AND THE WORK ENVIRONMENT 129

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Technology and Employment: Innovation and Growth in the U.S. Economy
http://www.nap.edu/catalog/1004.html

http://www.nap.edu/catalog/1004.html


cost to the employer. Fundamental components of any adoption strategy thus
include job security provisions and extensive retraining programs for managers
and workers. Such a strategy appears to yield considerable payoffs for both
management and labor, producing a more highly skilled, motivated work force
with lower turnover rates.

Job classification, seniority, and pay structures may require considerable
modification to realize the potential payoffs from the adoption of new
technologies. The incentive for both labor and management to implement these
changes is great; labor can gain greater job security and skills enhancement,
while managers obtain greater control over the structure of tasks within
manufacturing and office establishments. The role of supervisors also may be
altered, as many of their duties—for example, setting production schedules and
hours—may be delegated wholly or partly to a work team.

The complexity and amount of planning and reorganization that under-pin
a successful adoption strategy make it imperative that management begin
planning, retraining, and job reclassification, as well as notification of and
consultation with the work force, well in advance of the introduction of new
technologies. Advance announcement of the adoption of major new
technologies and consultation with the work force are central components of a
successful strategy. In many cases, the adoption of these technologies,
combined with reorganization of the production process, will increase worker
responsibility for product quality and production rates. This in turn means that
worker involvement in planning the adoption of the production technology can
enhance the performance of the new process. In cases in which the
characteristics and performance of new technologies are not well understood by
managers prior to adoption, worker input into the design and purchase of this
equipment can contribute significantly to the productivity of the new technology.

Adoption Strategies in the Unionized Workplace

There is a long history in this country of union-management bargaining
over the effects of technological change. In some industries, this bargaining has
resulted in "red-circling" jobs that have had their skills downgraded by
technology, a practice that enables the occupant of such a job to retain the same
wage for a specified period of time. Firms in such industries as printing also
have provided attractive retirement packages to workers faced with
displacement. A growing number of union contracts have provisions dealing
with these issues. One analysis of 400 such contracts (Bureau of National
Affairs, 1986) found that 25 percent had clauses covering the introduction of
new technology, a considerable increase from less than 10 percent within a
similar sample of 1961 agreements. Fifteen percent of these agreements
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provided for discussions with or notification of the union prior to the
introduction of new technologies; in roughly 6 percent, retraining was required
for any displaced worker.

Union and worker concerns over the impact of new technologies, job
classifications, and work rules on the integrity of the bargaining unit (the union
local's size and coverage of the establishment work force) have been addressed
in many contracts through retraining and employment security provisions.
These provisions stipulate that union members will be retrained to perform the
jobs created by technological change that replace jobs previously held by union
members. Training programs funded by employers or jointly by union and
employer contributions have been adopted in a number of recent contracts. The
United Automobile Workers (UAW) contract with General Motors provided for
advance notice to the union of the adoption of new technology and created a
special union-company committee to deal with technology-related layoffs. In
addition, workers whose jobs are eliminated as a result of technological change
are guaranteed employment with full pay and benefits as long as they are
willing to retrain (Pascoe and Collins, 1985). A similar scheme has been
established under the terms of the 1986 contract between the Communications
Workers of America and the American Telephone and Telegraph Corporation,
as well as in agreements between the union and various regional operating
telephone companies. Comparable guarantees, however, do not exist in other
industries in which employment issues are increasingly salient.

Katz (1985) and others have noted that collective bargaining between
industrial unions and employers over employment security, job reclassification,
and other issues related to technology adoption is introducing differences in the
financial and other provisions of contracts between a single union and different
firms (and different plants operated by a single firm) within an industry. As a
result of technological change and increased competitive pressure on workers
and management, "pattern bargaining," in which a settlement with one firm
largely determined the terms of contracts with all or most other firms in an
industry, has declined in importance (Freedman and Fulmer, 1982). Its demise
will increase demands on industrial union leaders faced with differences in the
financial treatment of members at different firms, as well as pressure from firms
to gain contractual agreements no less favorable than those of their competitors
(Schlesinger, 1987).

Impediments to Best-Practice Adoption Strategies

The elements of best-practice adoption strategies seem sufficiently prosaic
and profitable for both labor and management that serious
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questions arise as to why these policies are not pursued more widely. A number
of large manufacturing firms, many of which have unionized work forces,
recently have adopted some or all of the elements of such strategies. Many
firms have not, however, and we believe that the reasons for this failure extend
beyond a lack of information.

The pursuit of best-practice adoption strategies requires mutual
accommodation and trust between labor and management. Where labor-
management relations historically have been adversarial in tone and character,
the use of these strategies is less likely. In such a situation, the conditions that
engender mistrust must be addressed before the adoption of new technologies
can be discussed. This may require that labor and management complement
intermittent bargaining over wages and job classifications with continuous joint
problem-solving sessions that address general workplace topics. Firms that have
used labor-management committees to deal with such issues as worklife quality
or workplace safety often have laid the groundwork for dealing with the
introduction of new technologies.

Even in those workplaces in which labor and management historically
have not been in conflict, serious misconceptions on both sides may impede the
pursuit of best-practice policies. The manager of the General Electric household
appliances plant in Louisville, Kentucky, a model of labor-management
cooperation in the adoption of new production technologies that have improved
product quality, was amazed at the level of worker interest in the new
production and marketing strategies that were an important part of the
reorganization of plant operations:

We [General Electric-Louisville plant management] set up a series of meetings
with foremen which we followed every time with a meeting with all the union
stewards in the building. We began by showing a lot of market and business
information we had never disclosed to them in the past, partly because it had
not occurred to us that they would be interested. But they were! We included
information about what was going on elsewhere in the world with respect to
the modernization of factories. . . . They watched and listened with great
interest. In the end we all believed that unless we took a major leap ahead in
productivity and quality we were going to be overrun. (Stevens, 1983, p. 35;
emphasis in original)

The need for consultation with the work force, as well as the loss of
managerial powers and responsibilities that may result from many adoption
strategies, often conflicts with the goals of middle management. For example,
middle managers may resist transferring a portion of their power to workers
who seek greater involvement in production decisions, as was noted in a recent
discussion of participative management:

Information is power, and access to it remains a clear badge of rank to
managers. Even though many companies are forcing managers to put out
information on the
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number of units produced, costs, and other sensitive issues, the idea still
doesn't sit right.
Fearing a loss of power, many middle managers torpedoed early participative
programs. . . . (Saporito, 1986, p. 60)

Many firms have found that when senior managers communicate clearly
their commitment to new forms of production organization and are willing to
alter internal incentives and evaluation criteria, middle managers and
supervisors are able to overcome their natural reluctance to implement novel
procedures. There also may be resistance to restructuring job classification and
compensation schemes, however, within the leadership of union locals and
within the work force in nonunion plants and offices. Managers in nonunion
workplaces may resist the development of formal labor-management
consultation mechanisms because these mechanisms may imply recognition of a
collective organization representing workers.

Another significant impediment to the widespread use of these technology
adoption strategies is their high cost. The ambitious retraining, screening, and
reclassification efforts that are an integral element of the success of these
strategies are expensive and may be particularly difficult for small firms to
sustain. It may also be difficult for firms, no matter what their size, to justify the
costs of the strategies relative to their measured benefits. Conventional
accounting methods often are unable to measure the productivity and product
quality payoffs from the reorganization of the work process, which impedes the
adoption of other new manufacturing technologies such as robots (Kaplan,
1986). The savings from lower work force absenteeism and turnover, for
example, or higher product quality and shorter product development cycles are
not easily captured within conventional accounting methods, which look at
individual operations or processing steps and may not account fully for all
components of overhead or fixed costs.

We are concerned by the slow adoption of new process technologies in
some manufacturing industries and the frequent inability of U.S. firms to
develop organizational structures that can accommodate and fully exploit the
productive potential of these innovations. These problems stem in part from the
lack of proficiency of many U.S. managers in evaluating the overall costs,
consequences, and benefits of new technologies, as well as the difficulties
workers and managers often experience in developing a more fruitful,
cooperative relationship within the workplace. Both of these problems must be
addressed by workers, managers, and the organizations that train them if the
benefits of technological change are to be realized more rapidly and distributed
equitably within the U.S. economy.
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TECHNOLOGICAL CHANGE AND WORKPLACE HEALTH
AND SAFETY

Ensuring human health and safety during new technology adoption and
application is one of the most significant challenges of technological change.
The topic, however, is far too complex to address in a single section of this
report. Instead, we note and briefly discuss areas in which more study and
research are needed. These areas range from the effects on workers of
workplace design to the potential use of new methods to try to determine the
susceptibility of workers to health effects from exposure to substances in the
workplace. We have grouped the issues into three broad categories: (1) new
workplace health and safety hazards resulting from technological change; (2)
opportunities for greater workplace safety made possible by technological
change; and (3) challenges to existing health and safety regulations that arise
from the novel environments within which many of these technologies will be
applied.

Workplace Hazards Created by Technological Change

Many of the workplace hazards produced by new technologies are not
novel in themselves. For example, the substances to which workers in the
microelectronics industry are exposed, such as arsenic compounds, have been
present in other manufacturing occupations for years. In the case of the
microelectronics industry, it is the novel environment within which exposure is
occurring rather than the exposure per se that may require new control
strategies. Other worrisome issues include worker exposure to new materials
and solvents for which few toxicological data have been compiled.

The extended use of video display terminals has highlighted the issue of
workplace stress. Workplace stress is not new; fast-paced, high-pressure
assembly and clerical occupations in which worker productivity was carefully
monitored have characterized many American workplaces throughout this
century. Proper design of equipment and the workplace, as well as training, also
can minimize the symptoms of eyestrain, back strain, and wrist strain that occur
among clerical employees using computer terminals and other electronic
displays for extended periods.

Technology's Potential for Reducing Workplace Hazards

Information and computer-based manufacturing technologies have
significant promise for reducing workplace hazards. Robotics and automatic
materials transfer, for example, can reduce lifting and other strenuous, injury-
producing tasks; they can also reduce worker handling of hazard
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ous substances (e.g., through the use of robot painting and welding operations
in automobile production). Advanced computer-based technologies for
monitoring and correcting chemical and other production processes can reduce
the emission of toxic or hazardous substances and enable workers to control
such processes from more remote and consequently safer locations.

Technological change also has improved our ability to monitor worker
exposure to various substances through such techniques as the analysis of
chemicals or their metabolic products in blood, urine, or exhaled air. Enhanced
monitoring technologies allow greater precision in controlling and restricting
worker exposure to toxic and other substances. In addition, information
technologies have enhanced the ability of researchers to conduct large-scale
exposure and epidemiological studies of health and safety effects. These
developments will expand our knowledge of workplace hazards and aid in our
choice of more effective control strategies and safer production technologies.

Changes in the Work Environment

In conjunction with other forces, technological change is altering the
structure of the workplace in the United States. As we noted in the first section
of this chapter, such change may favor the growth of smaller firms. This
phenomenon in turn could affect the level of worker protection from hazards
provided by federal regulation. The current enforcement strategy of the federal
Occupational Safety and Health Administration, as well as state agencies, relies
on a limited number of inspections of larger plants. To the extent that the share
of total employment accounted for by larger manufacturing plants declines, an
increasing share of the U.S. work force will be located in firms that typically
receive limited enforcement attention.

In addition, new technologies increasingly will be found in offices rather
than on assembly lines; they will also be found in establishments with work
forces that include larger shares of women. Employment growth is likely to be
most rapid in sectors that historically have not had extensive union
representation, which means that internal pressures for monitoring workplace
health and safety may be less intense within some firms. Finally, the work force
in many firms is likely to include more individuals with a limited understanding
of English; additional resources may be required to provide these workers with
information about hazards and the training in workplace safety now mandated
by law. The environment within which new technologies are applied thus will
depart in a number of ways from the workplace that existing federal and state
regulatory structures have been designed to monitor.
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This brief survey is intended to highlight important emerging issues in the
area of workplace safety and health. Rather than developing specific findings.
we wish to ensure that the potential hazards created by these technologies are
investigated promptly and then carefully monitored, that efforts are undertaken
to exploit the potential of these technologies for reducing workplace safety and
health hazards, and that the effectiveness of existing regulatory structures for
the workplace of the future receive appropriate consideration.
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7

Current Policies for Worker Adjustment

In this chapter, we survey the structure and adequacy of the public and
private policies that deal with the needs of entrants to the labor force and
workers displaced by technological change. We include in this discussion a
consideration of human resources policies, including training for entrants to the
labor market, job search assistance, training and retraining for workers who
have been or may be displaced by technological change, and income support for
those displaced workers. The primary emphasis of this chapter is on public
policies; Chapter 6 discusses private sector policies that encourage cooperation
between managers and labor. Because of the complexity of the adjustment
problem, however, we also address here the human resources policies that can
be used by firms to deal with worker displacement—policies such as advance
notice of plant closings or large permanent layoffs, severance pay, and
employer-provided training. There are important deficiencies in current policies
in all of these areas. Many of our recommendations in Chapter 10 follow from
this analysis.

As noted in previous chapters, technological change will create
unemployment in some occupations, industries, or regions, and it appears likely
that it will increase the demands on the existing system through which workers
retrain and acquire job-related skills. Indeed, the broader issue of worker
training and skills requires attention. Where do workers currently receive their
job-related training? How is the employer investment in training allocated
between blue-collar and white-collar employees? Can the U.S. training system
respond to surges in the demand for
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new skills—for example, can it train robot technicians or software engineers in
response to increased demand for these specialists? Building on the discussion
in Chapters 3 and 5, we also discuss briefly the skills needed by labor force
entrants and the ability of training institutions to provide them. Finally, we
consider displaced workers and the public and private programs for dealing
with displacement.

JOB-RELATED TRAINING

Some evidence from other nations supports the hypothesis that job-related
training contributes to international competitiveness, although these data are
qualitative rather than quantitative. Japan, Sweden, and West Germany each
have unique systems for job-related skills training, and all of them appear to
provide higher levels of such training to the blue-collar work force than does
the U.S. system.1 These nations also appear to be adopting some advanced
manufacturing technologies more rapidly than the United States (see
Chapter 2). There is no direct evidence of a link between these phenomena, nor
do we have internationally comparable data on investments in job-related skills
training within the United States and other countries. Nonetheless, the work of
Nelson et al. (1967) and Bartel and Lichtenberg (1987), discussed in Chapter 2,
suggests that such investments may play a role in the more rapid adoption of
new technologies within these foreign economies.

Where Do Workers Receive Their Training?

In the United States, occupational training is provided by a large,
decentralized ''system'' that defies neat description. A. P. Carnevale of the
American Society for Training and Development has explored some of the
system's proportions; as he states in a 1986 article in the Training

1 Detailed descriptions of the national training systems in these countries can be found
in such sources as the International Labour Office (1985), the Organisation for Economic
Co-operation and Development (1973), and the U.S. Congress's Office of Technology
Assessment (1986b). The West German system relies heavily on apprenticeship
programs for its labor force entrants; 50 percent of the individuals completing
compulsory education entered such programs in 1977. The Japanese system, which since
the 1950s has been characterized by long-term employment commitments to workers
from large corporations, features heavy investment by such corporations in training
employees through formal and informal means and job rotation. Public funding in Japan
also supports upgrade training for employed workers. In Sweden, large public
investments (retraining and labor adjustment programs account for 2-3 percent of
Swedish GNP) in training and retraining of the employed work force are combined with
an elaborate system of vocational and technical education for labor force entrants and the
unemployed.
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and Development Journal: "Workplace training and development is roughly
equivalent in size to the entire elementary, secondary, and higher education
systems" (p. 18). Carnevale estimated that the annual costs of the "total learning
enterprise"2 in the United States were over $450 billion in 1985; of this total, he
estimated that about $210 billion (or 47 percent) goes for formal and informal
employee training.

The most important source of skill improvement training, which is
acquired once a worker is employed, is the employer (Table 7-1). More than 70
percent of skill improvement courses ("Formal Company Programs" and
"Informal On-the-Job Training," in Table 7-1) are conducted at a worker's place
of employment3 (Carnevale and Goldstein, 1983). The dominant role of
employers in funding or providing such training also affects its distribution
between white-collar and blue-collar workers; white-collar workers receive
much more employer-provided training. College graduates are twice as likely as
the average worker to receive employer-provided adult education, whereas
those with less than a high school education are only one-fourth as likely to
receive such education. Employer-provided adult education thus tends to
increase any differences in the educational attainment of workers that are
already present when they enter the labor force. These conclusions about the
skewed distribution of employer-provided adult education were confirmed by
Tierney (1983), who found that those workers with some graduate training were
seven times as likely to have received employer-provided training as those with
less than a high school education. This divergence also means that whites are
almost twice as likely to receive employer-provided training as nonwhites.
According to Tierney, "formal education and training programs appear to be
directed toward those workers who already have substantial levels of
educational achievement" (p. 16).

Employees in large firms also receive more employer-provided training
than employees in small firms. Lusterman (1977) reports that firms with 10,000
or more employees spent an average of $86 per worker on

2 Carnevale defines the "enterprise" as comprising all public and private expenditures
on elementary, secondary, and postsecondary education; informal and formal employee
training; and government training for civilians. Although the U.S. military is a major
investor in training in a wide range of basic and job-related skills (it spent $18 billion in
fiscal year 1987 for formal training alone), the impact of this investment on the civilian
work force appears to be small, as Marcus (1987) has noted.

3 The duration of training differs in school-based and workplace programs. In 1983
over 70 percent of the workers in formal company programs trained for less than 12
weeks; two-thirds of the workers in school-based training (an unknown portion of which
is employer financed) trained for over 12 weeks, with approximately 38 percent in
programs lasting more than a year (Carey and Eck, 1985, Tables 32 and 41).
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training annually. Smaller firms (500-999 employees) invested an average of
$27 per worker annually. Of particular relevance to this study is the fact that,
according to Lillard and Tan (1986), reliance on employer-provided training is
even greater in technologically dynamic industries.

TABLE 7-1 Sources of Skill Improvement Training by Occupation (1983)

Occupational
Group

Workers
Who Took
Training

School Formal
Company
Programs

Informal
On-the-
Job
Training

Other

Executive,
administrative,
and managerial

5,098 (47) 1,916
(18)

1,884 (17) 1,688 (16) 836 (8)

Professional
specialty

7,802 (61) 4,352
(34)

1,936 (15) 1,756 (14) 1,408
(11)

Technicians and
related support

1,588 (52) 600 (20) 550 (18) 585 (19) 166 (5)

Sales 3,578 (32) 769 (7) 1,411 (13) 1,642 (15) 487 (4)
Administrative
support,
including clerical

5,152 (32) 1,547
(10)

1,565 (10) 2,423 (15) 392 (2)

Private household 33 (3) 10 (1) 7 (1) 14 (1) 10 (1)
Service workers,
except private
household

3,151 (25) 814 (7) 955 (8) 1,528 (12) 360 (3)

Farming,
forestry, and
fishing

500 (16) 164 (5) 51 (2) 203 (7) 142 (5)

Precision
production, craft,
and repair

4,133 (35) 863 (7) 1,654 (14) 1,860 (16) 353 (3)

Machine
operators,
assemblers, and
inspectors

1,639 (22) 228 (3) 286 (4) 1,151 (16) 78 (1)

Transportation
and material
moving

706 (18) 84 (2) 235 (6) 376 (9) 50 (1)

Handlers,
equipment
cleaners, helpers,
and laborers

520 (14) 57 (2) 92 (2) 381 (10) 19 (<0.5)

Total 33,901 (35) 11,404
(12)

10,625 (11) 13,606 (14) 4,301 (4)

NOTE: All employment figures are in thousands. Percentages, which are calculated on the basis of
total employment in each occupational group, appear in parentheses. Many workers reported more
than one source of training, so percentages may not sum to 100. An unknown fraction of skill
improvement training in school is employer financed.
Source: Carey and Eck (1985).

In sum, employers provide the bulk of skill improvement training in the
United States, and such training tends to reinforce, rather than offset,
inequalities in preemployment educational attainment within the work force.
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Inasmuch as technological change is likely to inflict the most serious
dislocations (measured, for example, in terms of duration of
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unemployment) on the least educated workers, this tendency of employer-
provided training to reinforce inequality in the educational attainment of
employees is likely to exacerbate the severity of technological displacement for
low-skill, poorly educated workers.

Why do U.S. blue-collar workers (as used here, a category that includes
white-collar female clerical employees) receive less employer-provided training
than U.S. white-collar workers and less than blue-collar workers in some other
industrial nations? One tentative explanation for U.S.-Japanese differences in
such training investments focuses on the contrasting structures of U.S. and
Japanese labor markets (Hashimoto, 1979; Hashimoto and Raisian, 1987). U.S.
markets for blue-collar labor tend to display relatively inflexible nominal
wages, and the supply of and demand for labor are equated through cyclical
layoffs. Japanese labor markets, on the other hand, historically have exhibited
greater nominal wage flexibility. A large share of the annual earnings of
Japanese production workers consists of bonuses, the amount of which is tied to
corporate performance, and Japanese labor markets also rely on longer-term
employment relationships.4 Both employer and employee therefore face less
uncertainty about turnovers and layoffs and can share the costs of training in
job-related skills more efficiently. For example, employees can contribute a
share of these costs by accepting starting wages that are lower than would be
the case in the absence of the training investment by the employer.

In the United States, where blue-collar employee turnover is relatively
high (Levy et al., 1984, estimated that average annual turnover rates in
manufacturing were more than 20 percent) and layoffs are more common,
sharing training costs between employer and employee is more difficult; there
is, among other things, greater uncertainty about the probability of layoffs and a
firm's ability to retain the returns from its investment in job-related skills
training. Thus, the levels of investment in such training appear to be lower,
although better data are needed to support more strongly or reject the
predictions of this heuristic model. Interestingly, some recent union contracts in
the United States contain provisions resembling those of Japanese labor
contracts. Several recent collective bargaining contracts in the U.S. aerospace
and automotive industries, for example, combine annual bonuses or profit
sharing for workers with corporate commitments to greater employment
security and larger investments in worker retraining.

4 Although this contrast has characterized U.S. and Japanese labor markets since the
early 1950s, recent structural changes in the Japanese economy, which have resulted in
some large layoffs, may alter the structure of Japanese labor markets and labor contracts
in the future.
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The Adequacy of the Training System

Can the U.S. system we have described respond to changes in the demands
for specific job-related skills? Based on the evidence reviewed by this panel, the
U.S. training system for job-related skills appears to be responsive to the
demands of employers. This measure of adequacy does not address the issue of
the distribution of such education, nor does it confront the adequacy of worker
preparation in basic skills. Nevertheless, a serious "structural" mismatch
between the supply of and demand for skills in the American economy should
be revealed in recurrent skill shortages or in the unemployment of workers with
particular skills in low demand. In fact, there is little evidence of significant
skill shortages for any extended period, although unemployment within the
population receiving little job-related or basic skills training (the disadvantaged
and unskilled) has been a persistent problem for much of the post-1945 period.

The formal training system (comprising elementary, secondary, and higher
education) for labor market entrants (16-24 years old) also appears to respond
rapidly to changes in the skills demanded by employers (Berryman, 1985).
Especially within higher education, perceptions of oversupply or excess demand
in specific fields heavily influence students' intended fields of study, their actual
fields of study, and the level of completed degrees. Comparable data for
employer-provided training almost certainly would reveal similar flexibility.
Operating in conjunction with the enormous size of the decentralized U.S.
training system, this flexibility offers considerable opportunities to alter rapidly
the mix of job-related skills in the U.S. work force. About 6 million students
completed programs of study at the secondary and postsecondary levels during
the 1980-1981 academic year; the annual output from these formal channels
was approximately 5.7 percent of the work force. As Berryman puts it, "the
sheer number of these completions per year represents a remarkable opportunity
to rapidly re-configure the skill profile of the American labor force" (p. iii).

This evidence suggests that the enormous system that trains workers in job-
specific skills can respond to changes in the demand for skills of different types
resulting from the adoption of new technology or structural change in the
economy. In fact, in some instances the supply mechanism may respond too
rapidly to anticipated changes in demand—as in the rush to secure robotics
technician training in 1982-1983, when there was one student enrolled in an
introductory robotics course for every robot likely to be purchased (Hunt and
Hunt, 1983). Consequently, we see little if any need for additional investments
in forecasting skill requirements or training needs, especially since the
reliability of these forecasts—reflecting their high levels of uncertainty and the
weak methodologies they
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use—has been low. (See Binkin, 1987, for a critical assessment of the U.S.
military's experience in forecasting occupational trends and training
requirements.)

TRAINING IN BASIC SKILLS FOR LABOR FORCE
ENTRANTS5

Labor force entrants acquire basic skills largely within the U.S. public
educational system, and educational attainment is a rough index of a worker's
level of preparation in these skills. As we noted earlier, basic skills currently are
important for obtaining entry-level jobs and will be even more important in the
future for obtaining better-paying jobs and for climbing the economic ladder
toward higher earnings. As indicated by the evidence in Chapter 3 on growth
during the past decade in the returns to higher levels of educational attainment,
the distribution of educational attainment within the U.S. population will have a
great influence on the distribution of the economic fruits of technological
change. Although educational attainment is improving within the labor force
entrant population, the large remaining gaps in attainment among whites,
blacks, and Hispanics are a cause for concern. More limited evidence, noted in
Chapter 3, suggests that the quality of basic skills training for U.S. labor force
entrants is lower than that provided to the labor force entrants of other nations
(e.g., Japan). Significant deficiencies in the quality of such training for U.S.
labor force entrants relative to other nations will impede the ability of this
nation to generate and adopt new technologies with sufficient speed and
effectiveness to remain competitive in the world economy.

DISPLACED WORKERS

Although we believe that employment displacement resulting from
technological change will not be widespread, there will be transitional, regional,
and occupational dislocation. As we noted in Chapter 3, the BLS estimates that
the number of experienced workers suffering permanent job loss from all causes
is roughly 1 million persons per year. Currently, there are no analyses of the
number or characteristics of the smaller population of workers who have been
displaced by technological change. Such data are important because the needs
of these workers may differ substantially from those of the larger displaced
worker population.

5 The data on educational attainment in Chapters 3 and 5 underlie this assessment of
the adequacy of basic skills training for labor force entrants.
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Lacking this information, in the discussion later in this section we do not
try to differentiate among workers according to cause of displacement. As we
note in Chapter 10, there are also strong arguments against making such
distinctions in the design and implementation of adjustment assistance
programs for displaced workers.

Workers displaced by technological change receive greater attention than
firms suffering dislocations from the same cause because of the greater
adjustment problems of workers. Over a working career a worker accumulates a
stock of skills and "human capital" that may be highly specific to a single
occupation within a firm. When technological change or other forces transform
or result in the loss of that job, the value of a worker's skill-based assets may
suddenly vanish. A firm facing the loss of markets for its products generally can
redeploy its assets and working capital more easily than an individual worker.
Machinery and inventories can be sold (albeit at a discount), allowing a firm to
realize some return on these assets and enabling it to adjust. Adjustment to
technological or structural change is difficult for both workers and firms, but
the unique problems faced by workers have drawn attention to their needs.

Much of the following discussion of programs for displaced workers
focuses on training in both basic and job-related skills. Although we believe
that additional resources should be devoted to retraining displaced workers, we
must stress that retraining is not a panacea. The ability of retraining to restore
the earning power of some displaced workers, especially those previously
employed in durables manufacturing (e.g., basic steel), may be limited.
Furthermore, many displaced workers may not participate in retraining
programs; they are interested primarily in rapid reemployment, rather than
retraining. The most important function of public adjustment programs often is
to provide job search assistance and information, rather than retraining, for
individuals who may not have changed jobs for 20 years.

Characteristics

To assess the adequacy of policies that address their needs, reliable
information on the characteristics of displaced workers is essential. The
description in Chapter 3 of the displaced worker population noted the following
characteristics:

•   Younger workers are more likely to be displaced, but the duration of
unemployment after displacement is greater for older workers.

•   Both the duration of unemployment and the magnitude of earnings
losses associated with reemployment after displacement are higher in
regions with relatively high unemployment.
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•   A large fraction of this population either is ineligible for
unemployment compensation or exhausts these benefits prior to
reemployment.

•   Many displaced workers, especially those from durables
manufacturing, experience serious financial losses as a result of
displacement and receive lower wages in their new jobs.

•   A large portion of the displaced worker population suffers from serious
basic skill deficiencies.

Displaced workers are a heterogeneous population made up of groups with
different histories of employment and earnings and consequently different
needs for retraining and employment assistance. This fact complicates the
design of programs to serve them, as illustrated by a discussion of two
particular groups.

During the early 1980s, permanent job loss affected a segment of the U.S.
work force that previously had experienced limited long-term unemployment—
that is, unionized, high-wage workers in durables manufacturing. By 1984 more
than 800,000 of the 5.1 million experienced workers identified by BLS as
displaced during the previous 5 years came from the nonelectrical machinery,
automobile, and primary metals (largely steel) manufacturing industries.
Displacement of workers in these industries has been a particular concern for
policymakers and the public alike, due to the unprecedented (by post-1945
standards) scope of long-term unemployment within this group, as well as the
financial hardships associated with job loss in these industries.

Displaced workers from this sector generally are well-paid men with years
of steady employment in the same plant (Flaim and Sehgal, 1985). Retraining in
job-related skills is not likely to restore the previous earnings of many members
of this group, and most programs to aid them focus on the transition between
jobs. Job transition needs are addressed by union contract provisions in many of
these industries, provisions whose aims are to reduce the short-term financial
hardships of displacement. Despite such transitional help, however, a
substantial portion of this group of displaced workers may face difficulties in
finding new employment because they lack the basic skills that ease the search
for new jobs.

Designing policies to aid this group is complicated by the difficulty of
determining whether their displacement is permanent. The high wages these
workers were able to secure in their original jobs, the likelihood that alternative
employment will mean a substantial cut in these wages, and the availability of
supplemental unemployment benefits (SUB) in many of these industries all
encourage these workers to avoid any action that might divert them from
reemployment in their former occupation. Many of these workers choose to
avoid the costs of
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retraining and searching for a new job, in hopes of being recalled to work.
Another group within the displaced worker population comprises

individuals who are poorly educated, female, black or Hispanic, and nonunion.
According to the January 1984 displaced worker survey, nearly 900,000 of the
5.1 million experienced workers displaced during 1979-1983 were black or
Hispanic; these workers experienced significantly longer unemployment than
did white workers (Flaim and Sehgal, 1985; Podgursky, 1987). The
characteristics just noted (low education, female, nonwhite, and nonunion) often
are associated with lower-wage employment; for these individuals, the
acquisition of basic or job-related skills may enhance their prospects for
reemployment and also lead to jobs at higher wages. Thus, this group is more
likely to benefit from retraining or training.

These two groups of displaced workers have different needs. The
effectiveness of retraining in job-related skills to restore the earning power of a
displaced steelworker or autoworker may well be limited, although training in
basic skills is essential to some of these individuals in finding new employment
and job search counseling and assistance also may be beneficial. For members
of the second group, a combination of basic skills training, job-related
retraining, and job search counseling and assistance could be of substantial help.

Federal Training and Income Support Programs

Since 1945, federal programs to aid displaced workers have consisted of
the Manpower Development and Training Act (MDTA) of 1962, superseded in
1973 by the Comprehensive Employment and Training Act; Title III of the Job
Training Partnership Act (JTPA) of 1982; Trade Adjustment Assistance (TAA),
passed in 1962; unemployment insurance, which provides short-term income
support to unemployed workers; and the Perkins Vocational Education Act of
1984.6

MDTA was passed on the wave of public concern over technological
change and unemployment that gave rise to the National Commission on
Technology, Automation, and Economic Progress. The law was intended to
help technologically displaced workers with 3 or more years of work experience
by retraining these individuals for occupations believed to be

6 Numerous sectoral federal adjustment programs have been developed during the past
century, ranging from the Interstate Commerce Act of 1887 to the Redwood National
Park legislation of 1978. These programs typically provided income support and
retraining to workers in industries affected by legislative or other governmental actions.
All of them were very narrowly focused.
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in high demand. After 1964, however, declining aggregate unemployment
resulted in a reorientation of the program toward disadvantaged rather than
displaced workers; it was eventually replaced by the Comprehensive
Employment and Training Act (CETA), which focused primarily on
disadvantaged workers. In 1982 CETA was replaced by the JTPA.

The Job Training Partnership Act

After the reorientation of MDTA in the early 1960s, no federal programs
other than TAA addressed the problems of displaced workers until the passage
in 1982 of JTPA. JTPA's Title III, Employment and Training Assistance for
Dislocated Workers, provides federal funds to the states for training and related
employment services for workers who have been laid off or have received
notice of layoff and who are unlikely to return to their previous industry or
occupation. Workers who have been laid off or who are about to be laid off
because of a permanent plant closing and the long-term unemployed are also
covered.

Although the actual services available to workers under Title III vary by
state, they generally emphasize job search assistance. Support for job-related
retraining is modest, and there is little training offered in basic skills. The U.S.
General Accounting Office's recent survey of JTPA Title III programs (1987a)
found that in 1985 only 6 percent of program participants received basic skills
training (with a median duration of only 2 weeks), whereas 42 percent received
some form of job-related training through classroom or on-the-job learning.
Eighty-four percent of Title III program participants, on the other hand,
received job counseling, and 66 percent received job search assistance. Overall,
the General Accounting Office has estimated that Title III serves only 6-7
percent of the annual flow of displaced workers.

Trade Adjustment Assistance

Trade adjustment assistance was first provided under the Trade Expansion
Act of 1962 to assist workers displaced as a result of the bill's reduction of trade
barriers. As originally enacted, workers were eligible for the income support
and training benefits offered by TAA only when tariff reduction—and the
import penetration of U.S. markets that often followed—was the single most
important cause of displacement. The Trade Act of 1974 broadened
participation in the program by extending benefits to any worker for whom
imports "contributed importantly" to his or her displacement. ("Contributed
importantly" meant that import penetration was an important cause of job loss
but not necessarily more important than any other cause.) As a result of this
change in eligibility
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criteria, as well as surging auto imports, the program grew from approximately
14,000 workers and $15 million in benefits in fiscal year 1973 to a peak in
fiscal year 1980 of 532,000 workers and approximately $1.6 billion in benefits,
much of which went to displaced auto workers.

In 1981, Congress redefined and limited TAA income support payments.
In fiscal year 1986, TAA served an estimated 42,000 workers at a cost of
approximately $148 million. Projected outlays for fiscal year 1987 are
approximately $206 million. The President's budget for fiscal year 1988 has
proposed that the program be replaced with a broader displaced worker program
(Aho and Bayard, 1984; U.S. House of Representatives, Committee on Ways
and Means, 1987; unpublished 1987 data obtained from the U.S. Office of
Trade Adjustment Assistance).

Despite the program's stated goal of providing both income support and
retraining, TAA has emphasized retraining only since 1985. Of the more than
$4 billion in program outlays since the passage of the Trade Act of 1974, less
than 5 percent has been allocated to retraining (U.S. House of Representatives,
Committee on Ways and Means, 1987). One reason for the minor role accorded
to retraining stems from the design of TAA. Throughout its life, the program
has been hampered by the requirement to determine the contribution of import
competition to a worker's displacement. According to one evaluation, during the
mid-1970s, this requirement so slowed the delivery of TAA services that the
first payment of TAA funds was received by a worker on average 14 months
after layoff (Corson et al., 1979). Such delays meant that in many cases workers
received payments well after they had found new jobs and largely precluded
any meaningful role for retraining within TAA.

Unemployment Insurance

The unemployment insurance system is the only public income support
program for which most displaced workers are eligible. Previous employment
can qualify workers for a maximum of 26 weeks of benefits.7 Benefit levels
vary across states, with the highest weekly benefits ranging

7 Washington and Massachusetts have a 30-week maximum benefit period. In
addition, Massachusetts provides up to 13 weeks of supplemental reemployment
assistance benefits to workers unemployed as a result of a large layoff or plant closing
who did not receive at least 90 days' advance notice and/or separation pay
(Commonwealth of Massachusetts, Division of Employment Security, 1987). Federal
law provides for a 13-week extension of benefits during periods of very high
unemployment. As of January 1987, only Alaska and Puerto Rico qualified for this
extension.
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between 50 and 70 percent of the average weekly wage. Because those workers
with above-average wages receive a lower proportion of their former salary in
unemployment benefits, the national average weekly benefit was only 36
percent of the average wage in fiscal year 1986. Average total benefits for fiscal
year 1986 were $1,956; maximum total 1987 benefits range among the states
from $3,120 to $9,900 (U.S. House of Representatives, Committee on Ways
and Means, 1987). For a worker undertaking retraining, these benefits could
provide as much as 26 weeks of income support; but many states prohibit or
otherwise discourage individuals from receiving unemployment insurance
payments while enrolled in retraining (Barton, 1986) in order to minimize the
time an unemployed worker is drawing unemployment compensation.8

Federal Assistance for ''Upgrade'' Training for Employed Workers

The Perkins Vocational Education Act of 1984, the most recent revision to
legislation authorizing federal support for state-level programs in vocational
education, mandated that more than $90 million of the roughly $882 million in
federal support for vocational education be spent by states on "adult" education,
including "upgrade" training for employed workers and education in basic skills
for adults. In 1986 the U.S. Department of Education began a large-scale
evaluation of the Perkins Act; when its results are available, they should inform
the development of other federal policies to improve the job-related and basic
skills of the U.S. work force (U.S. Department of Education, 1986). Indeed,
rigorous program evaluation is critical to all efforts to design new programs to
help displaced workers.

Evaluation of Federal Displaced Worker Programs

Have federal displaced worker programs improved the reemployment
prospects of participants? Unfortunately, research on the effectiveness of
adjustment assistance, including job training for experienced adult workers,
suffers from methodological problems and a shortage of data and funding. The
evaluations of MDTA (Ashenfelter, 1978; Bloom,

8 California, through the California Training Benefit Program, provides an additional
26 weeks of state-funded unemployment benefits for displaced workers undertaking
training in an occupation for which there is demand in their geographical area (California
Employment Development Department, 1986a, 1986b). Displaced workers enrolled in
training or other adjustment assistance programs supported by funds from Title III of the
JTPA also are permitted to collect unemployment compensation throughout the United
States.
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1982; Sommers, 1968) do not provide sufficient evidence to support broad
statements about the effectiveness of these programs. Only three recent
evaluations of displaced worker programs—the Downriver Community
Conference Economic Adjustment Program (Kulik et al., 1984), the Buffalo
Dislocated Worker Demonstration Program (Corson et al., 1985), and that
sponsored by the Texas Department of Community Affairs (Kulik and Bloom,
1986)—have yielded reliable evidence on their effectiveness.9 This small
number of rigorous evaluations is disturbing, considering that over $500 million
has been spent on JTPA Title III programs.

Two of these evaluations, supported by the U.S. Department of Labor,
examined demonstration and experimental programs that had been undertaken
immediately prior to the implementation of JTPA. The third was supported by
the Texas Department of Community Affairs, which used a portion of its JTPA
Title III program funds to sponsor and evaluate several demonstration
programs. These evaluations found that most workers who received services
from the programs were unemployed for shorter periods and had higher wages
in jobs found immediately after completing the program than was true of
workers in the control group (Bowman, 1986). Additional evaluations of
workers over longer periods of time, however, are necessary to determine
whether these gains in wages persist over the long run.

Despite their positive general findings, these evaluations provide much less
information on the effects of the specific services provided by the programs. All
three evaluations had design and implementation problems that do not allow
definitive conclusions about the relative merits of different services within
adjustment programs for displaced workers. For example, the effect of job
training, as opposed to job search assistance, cannot be ascertained. The
conclusions of these studies also may not be applicable to displaced worker
populations that are significantly different from those of the study populations.
Finally, although case study evidence suggests that a large percentage of
displaced workers suffer from basic skill deficiencies, none of these programs
offered this type of training; thus, we have minimal evidence on the design and
effectiveness of programs providing basic skills training to displaced workers.

Clearer insights into the effectiveness of displaced worker programs and
the appropriate design of such programs must await the results of further
evaluations, one of which currently is being planned by the U.S.

9 We exclude evaluation of TAA from this discussion because of the program's design
and certification requirements. The results of a large-scale evaluation of TAA are
reported in Corson et al. (1979); Aho and Bayard (1984) provide an overview and
summary of a number of evaluations of TAA.
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Department of Labor. Yet present levels of support for evaluation are
insufficient. The magnitude of projected expenditures on displaced worker
programs (as proposed in the President's fiscal year 1988 budget, as much as
$980 million annually), the paucity of evidence concerning the most effective
mix of services, and the significant differences in the costs of various services
all suggest that greater investments in program evaluation are needed (see
Chapters 8 and 10 for further discussion).

Although additional evaluations are needed to measure the effectiveness of
various program services, the bias in the existing JTPA Title III program mix
toward job search and placement services suggests that workers with basic skill
deficiencies may be underserved. Generally speaking, we believe that there is
too little emphasis on basic skills training within Title III. It is difficult to accept
the proposition that the needs of workers with basic skills deficiencies can be
addressed in 2 weeks of training, the average amount provided by Title III
programs (U.S. General Accounting Office, 1987a). In addition, Title III
programs, by virtue of the design of their contracts with service providers
(contracts that are based on performance in placing participants in jobs), tend to
process and train only those displaced workers who are easy to place. Workers
with basic skills deficiencies thus may be excluded. The absence of income
support within most Title III programs (beyond any unemployment
compensation for which displaced workers are eligible) means that any training
must generally be completed in 26 weeks or less to avoid exhausting their
unemployment insurance benefits. This reduces the attractiveness and efficacy
of retraining and may make it completely infeasible for the many displaced
workers who do not receive unemployment compensation.

State Programs: The California Employment Training Panel

Most state-administered displaced worker training programs rely in part on
JTPA Title III funds. The California Employment Training Panel (ETP),
however, a training and employment assistance program, is funded entirely with
state monies. (ETP is also of interest because of its size and innovative design.)
The program was established in 1982; it receives an annual allocation of
approximately $55 million from a small state payroll tax imposed on employers
who pay unemployment insurance.10 ETP provides training for both displaced
workers and employed

10 Imposition of the ETP tax was made less onerous by an offsetting reduction in the
state unemployment insurance tax, a move made possible by the large surplus in
California's unemployment insurance fund.
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workers threatened with layoff. Unlike JTPA, however, the worker need not
have received notice of an impending layoff to qualify for training assistance.

By investing in training for workers before they are laid off, ETP
supporters argue that the program reduces the costs of personnel turnover for
employers and reduces outlays from the state unemployment insurance fund.
The state's support of retraining for employed workers also is based on the
belief that such retraining improves the competitiveness of the state's industry
by encouraging the adoption of new technologies; ETP's goal is to avoid
immediate job losses while strengthening long-term employment opportunities
(California Employment Training Panel, 1985). A preliminary study of 1,200
ETP project participants who completed training and were placed in jobs during
1983-1985 suggests that these goals have been met: the average number of
weeks of unemployment for participants declined by more than 60 percent after
ETP training, and average earnings rose by more than 50 percent (Moore,
1986). This evidence, however, is preliminary rather than definitive; it was not
compiled from a rigorous experimental design that included a control group, nor
were the workers graduating from ETP training tracked over an extended period
of time.

Without question, ETP represents an imaginative response to the
impediments to greater investment by firms in training their blue-collar work
force. The program's effectiveness in delivering retraining to the displaced
worker population, however, is limited. Basic skills training for employed and
displaced workers alike is not supported by the program as a matter of policy.
Moreover, ETP's performance requirement (in its contractual agreements with
training providers, the program requires that displaced workers be placed in
jobs for 90 days prior to payment for the training provided) discourages many
potential external providers of training for displaced workers (e.g., community
colleges) from participating. Although it was initially intended to provide
retraining for experienced workers who were actually unemployed as well as
threatened with unemployment, ETP increasingly appears to be financing the
training by firms of their employed work force. Thus, the program may in some
cases substitute public funds for training investments that would have been
made in the absence of the program, which means that there is no net increase
in the delivery of training services to workers threatened with displacement.

ETP and other state-level programs that fund training for the employed
work force offer a rich set of policy experiments for analysis and evaluation.
(See Stevens, 1987, for a descriptive survey of such programs.) Federally
supported evaluations of a sample of state programs could yield useful
information about the design and effectiveness of these programs for decision
making at both the state and federal levels.
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Displaced Workers and Adult Education

The majority of federal and state programs for displaced workers rely on
the existing adult and community college educational infrastructure to deliver
basic skills and job-related training. These postsecondary educational
institutions have compiled a mixed record of success in meeting such demands.
A recent study by Bruno (1986) noted that many community colleges
historically have served college-age students rather than more mature displaced
or employed workers. Historically, many of these institutions have not pursued
curriculum development and staffing policies to meet the needs of displaced
workers for training in basic or job-related skills. This pattern of development
has hampered the ability of many of these institutions to meet the needs of
displaced workers. As Bruno observes:

. . . the community colleges and vocational-technical schools must reexamine
their philosophy and policies if they are to meet the growing need for training
created by dislocated workers. Unlike traditional college students, they have
neither the time nor financial resources after being laid-off to enroll in a one-
or two-year certificate program. They are in a state of crisis that must be
addressed quickly. (p. 59)

The very technologies whose development has created concern over
worker displacement have great potential for the innovative delivery of training
in basic and job-specific skills. For example, one of the greatest impediments to
participation in adult education programs is the reluctance of displaced workers
to subject themselves to a classroom environment. Advanced teaching
technologies, such as self-paced instructional workstations, can support
individualized learning outside the classroom, thereby enhancing the
attractiveness and effectiveness of basic skills and job-related skills. training.

Although the existing educational system exhibits a number of deficiencies
in meeting the needs of displaced workers, many innovative community
colleges have shown themselves capable of doing so when offered financial
incentives. Better financing of worker access to this system through income
support and other financial assistance for retraining can motivate community
colleges and other adult education institutions to address the special needs of
displaced workers. Careful program oversight and evaluation, however, also are
necessary.

Private Adjustment Programs

In recent years, federal and state income support and retraining programs
have been supplemented by a growing number of privately
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funded, joint union-management programs. In a number of manufacturing
industries, unions have negotiated supplements to regular unemployment
benefits. These benefits are coordinated with regular unemployment insurance
and provide higher benefit levels—as much as 95 percent of take-home pay—
for up to 1 year (Jacobson, 1986). Through collective bargaining, a number of
firms have also established early retirement programs. (Such plans, however,
typically require giving up the right to be recalled to work.) In some unionized
industries (e.g., steel), workers who are displaced can qualify for severance pay
or pension supplements based on a combination of years of service and age.
Severance pay is not widely available, mainly because workers do not want to
give up recall rights, and it is often offered as part of a plant closing settlement.
Moreover, recent events (e.g., the bankruptcy of the LTV Corporation, a major
steel producer, in 1986) suggest that these payments are not completely reliable.
Firm bankruptcies can jeopardize these supplemental or severance benefits.

An analysis of data from a recent survey by the U.S. General Accounting
Office (1987b) of layoffs and plant shutdowns involving establishments with
more that 100 workers11 found that severance pay was one of the most common
forms of private adjustment assistance—37 percent of the respondents provided
severance pay to their blue-collar employees, and 57 percent provided such
compensation to white-collar employees. Another common form of assistance
was employer continuation of health insurance coverage. Thirty-eight percent of
firms provided this benefit for blue-collar employees, and 48 percent did so for
white-collar employees (the published survey data do not specify the length of
the period of health insurance continuation). Other common forms of employer-
provided adjustment assistance include the continuation of life insurance
coverage (22 percent of the firms provided this benefit for blue-collar
employees and 30 percent did so for white-collar workers) and job search
assistance (provided by 26 percent of firms to blue-collar employees and by 35
percent to white-collar employees). The survey does not provide a breakdown
of the benefits coverage of unionized and nonunionized workers. Nevertheless,
this evidence suggests that white-collar employees receive somewhat more
generous adjustment assistance from employers after plant shutdowns or layoffs.

A number of programs have been established recently through collec

11 GAO mailed survey forms to 500 establishments chosen from an initial sample of
2,400. Data incorporating responses from 60 percent of the firms surveyed are published
in its 1986 report (U.S. General Accounting Office, 1986); data incorporating responses
from 80 percent of the firms are published in a 1987 report (U.S. General Accounting
Office, 1987b). Brown (1987) presents data from the GAO survey that includes
responses from 80 percent of the firms.
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tive bargaining to assist displaced workers and provide training services. The
best-known examples of these programs are the United Auto Workers (UAW)-
Ford and UAW-GM "nickel" and "dime" funds. The UAW-Ford program,
which began with the 1982 contract, provides services to displaced hourly
employees that are similar to those provided under JTPA; job search assistance,
counseling, tuition assistance for education and retraining, and, beginning in
1984, relocation assistance in the form of loans. Between 1982 and 1985,
approximately 12,600 laid-off Ford workers took part in one or more of the
programs. Based on industry and union estimates that at some point during this
period approximately 100,000 Ford hourly workers were laid off, this yields a
participation rate of 13 percent. Although these programs are primarily funded
by employer contributions, they also receive JTPA funds (Pascoe and Collins,
1985).

Advance Notice of Plant Shutdowns or Permanent Layoffs as
a Mechanism for Adjustment

The best time to undertake programs of job search assistance, counseling,
and retraining for workers is prior to their displacement. In most cases, this can
occur only with the cooperation of the employer—cooperation that includes
advance notice to workers of impending plant shutdowns or large permanent
layoffs. The efficacy of predischarge help reflects the tendency of workers to
disperse after layoff, the greater effectiveness of programs that have the
cooperation of management and workers, and the greater willingness of workers
to enroll in such programs when they are available prior to layoff.12

Data on the operation of several adjustment assistance programs for
displaced workers confirm that pre-layoff assistance is used more intensively by
workers. According to the Downriver Community Conference, 50 percent of
workers participated in adjustment programs that were available prior to plant
closure, 35 percent participated in programs made available up to 1 year later,
and only 17 percent participated in programs offered after 2 years (U.S.
Congress, Office of Technology Assessment, 1986a). The Philadelphia Area
Labor-Management Committee found that employee participation in worker
assistance workshops ranged between 70 and 80 percent when these workshops
were provided prior to layoff;

12 There exists no consensus on the "optimal" period of advance notice, but
discussions of best-practice methods for plant shutdowns (Driever and Baumgardner,
1984) suggest that 1-6 months' notice is helpful. Section 283 of the Trade Act of 1974
urges firms moving production facilities to other countries to provide 60 days' notice to
employees (cited in U.S. Congress, Office of Technology Assessment, 1986a).
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when the workshops were offered after layoff, participation dropped to less than
20 percent (Berenbeim, 1986).

Statistical evidence on the effects of advance notice suggests in addition
that advance notice of shutdowns or layoffs is associated with shorter spells of
unemployment after these events. A study by Folbre et al. (1984) of the impact
of advance notice in Maine found, on average, that unemployment in local labor
markets in which plant closings were announced in advance was lower than
unemployment in regions that experienced plant shutdowns without advance
notice. The study also found that providing at least 1 month's advance notice
reduced the average duration of unemployment per worker from 5 to 4 months.
Addison and Portugal (1987), who applied a model of unemployment duration
associated with advance notice to national data from the BLS 1984 displaced
worker survey, confirmed Folbre et al.'s results, concluding that advance notice
reduced the average spell of unemployment after layoff by roughly 27 percent,
or 4 weeks. Data in Flaim and Sehgal (1985) suggest that advance notice of
layoffs did not have a substantial impact on the probability that a worker
displaced during 1979-1983 was employed as of January 1984. The data on
which their analysis was based, however, were flawed. They were drawn from
the BLS 1984 survey of displaced workers, which did not specify the period of
advance notice. In addition, because the survey asked whether workers received
advance notice or "expected" that layoffs were imminent, the methodology may
have introduced significant recall bias.

Because this evidence suggests that advance notice of plant closures and
large-scale layoffs increases the effectiveness of publicly supported programs of
worker adjustment assistance and reduces the average duration of
unemployment after layoff, advance notice may reduce the costs to taxpayers of
such actions. Plant shutdowns and large-scale layoffs that occur without
advance notice appear to impose substantial additional costs on both workers
and the public sector, by comparison with situations in which notice is given.
Such costs are "externalities," costs imposed on individuals and society that are
not borne by the firms closing the plant or laying off the workers. In other areas
(e.g., health and safety regulation, pollution controls), public regulations have
been developed to ensure that a portion of these costs are also borne by the
organizations that contribute to them.

In addition to externalities, plant closures and layoffs in which workers do
not receive information available to managers concerning the imminence of
displacement may cause workers to make career decisions based on defective or
incomplete information. Hamermesh (1987) estimated that plant shutdowns
without advance notice impose an average cost on workers (measured as the
difference in the level of worker investments in
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job-related skills for a specific employer in a situation in which notice is
provided and a situation in which it is not provided) of $4,500-$15,000.13

Competitive markets function most efficiently when all of the actors in them
have equal access to information concerning their environment and the
consequences of their actions. The incentives for participants in markets to
disclose freely all information, however, often are minimal—strategic use or
selective disclosure of information (as in the many recent "insider trading" cases
in securities markets) can prove extremely profitable. The disclosure of relevant
information to all parties to a transaction or contract is one of the primary
motivations for statutory and regulatory control of securities markets, health
and safety regulations, and consumer protection regulations and laws.

Employers are often concerned about employee behavior and productivity
after advance notice. Do employees facing permanent layoffs react by
sabotaging products or otherwise lowering productivity substantially? There is
widespread agreement among business and union leaders (Berenbeim, 1986, p.
14; Driever and Baumgardner, 1984, p. 14; the Secretary of Labor's Task Force
on Economic Adjustment and Worker Dislocation, 1986, p. 23; U.S. Congress,
Office of Technology Assessment, 1986b, quoting business and union
participants in a workshop, p. 22) that advance notice does not lower worker
productivity after the announcement. Indeed, the recent study by Ronald
Berenbeim for the Conference Board reported that "all industrial plants studied
[five] noted improvements in quality and productivity in the final phase of the
facility's operations" (1986, p. 14). These results corroborate those of an earlier
study by Weber and Taylor (1963) of 32 plant shutdowns. The productivity and
quality improvements that occur appear to reflect the reaction of employees to
the evidence that management is concerned about their welfare, the operation of
counseling and job search programs that begin prior to layoff, the resolution of
anxieties and uncertainties, and the desire of workers concerned about
reemployment to demonstrate to new employers that the quality of the work
force in the closed plant was high.

The evidence on the benefits of advance notice for worker adjustment and
the distribution of social costs, combined with evidence on its productivity
effects, has led a large number of employer organizations, labor-management
task forces, and public commissions to endorse voluntary advance notice.
Private sector groups endorsing advance notice include the Business
Roundtable (1983), the National Association

13 This cost measures only the loss in the value of workers' investments in such
training and ignores the loss of earnings associated with unemployment and the
possibility that reemployment will involve reductions in wages.
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of Manufacturers (1987), the National Alliance of Business (1987), and the
National Center on Occupational Readjustment (1984). Recent public
commissions, study groups, and officials endorsing advance notice include the
President's Commission on Industrial Competitiveness (1985), the Secretary of
Labor's Task Force on Economic Adjustment and Worker Dislocation (1986),
and the Assistant Secretary of Labor for Employment and Training (Semerad,
1987).

Despite this support for advance notice, however, many of these groups
oppose or have failed to endorse public actions to mandate advance notice of
plant closures and permanent, large-scale layoffs, citing as justification the high
costs and counterproductive employment effects of mandatory regulations. The
costs of mandatory advance notice cited by these analysts include the additional
burdens that these regulations place on small firms, the impracticality of
advance notice under all circumstances in an economic environment
characterized by uncertainty and change, the need to preserve managerial
discretion in decision making, and the possibility that such regulations will raise
the costs of operating production establishments within the United States,
further encouraging the movement of production to offshore locations and
discouraging domestic job creation. As an example of the negative effects of
mandatory advance notice, analysts point to Western Europe, where advance
notice regulations are relatively common. Opponents of mandatory advance
notice cite these regulations as contributing to low rates of job creation, due to
their tendency to raise the costs of operating a business. (See the National
Alliance of Business, 1987, and Semerad, 1987; Balassa, 1984, presents related
evidence on European job creation and regulatory costs.)

There is little or no evidence that would allow a systematic estimation of
the magnitude or significance of these costs. Federal legislative proposals to
require advance notice of plant shutdowns and permanent layoffs have
accommodated several of these objections, typically exempting small firms
(those with fewer than 50-100 employees) and allowing exemptions for
"unforeseen circumstances." Although a number of Western European nations
enforce mandatory advance notice regulations, in many nations these are
combined with requirements for substantial severance payments to displaced
workers, making a precise comparison with the impacts of notification alone
very difficult.14

14 The report of the Subcommittee on the Foreign Experience of the Secretary of
Labor's Task Force on Economic Adjustment and Worker Dislocation (1986) has
disputed the argument that social regulations have contributed to low rates of job
creation in Western Europe, arguing that macroeconomic policies and inefficient
nationalized industries, among other factors, are more significant.
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The primary issue in the debate over advance notice does not concern its
merits—there appears to be widespread agreement that such notice aids worker
adjustment—but the most effective way of ensuring its widespread application
at reasonable cost. A number of U.S. employers (both union and nonunion
firms) currently provide voluntary advance notice of plant closures and layoffs
to their employees. Evidence from a recent national survey administered by the
U.S. General Accounting Office (1986, 1987b), however, strongly suggests that
voluntary advance notice is not functioning effectively—few workers are
receiving even 30 days' advance notice. The GAO survey data, which appear in
Brown (1987), suggest that 31 percent of the respondents provided no specific
notice of plant closure or layoff (i.e., informing workers in advance of a specific
date of layoff), 34 percent provided 1-14 days' notice, 15 percent provided
15-30 days' notice, and 20 percent provided 31 or more days' notice. On
average, blue-collar workers received 7 days' notice and white-collar workers
received 14 days' notice.15 In unionized establishments, blue-collar workers
received an average of 2 weeks' specific notice; blue-collar workers in
establishments without unions received an average of only 2 days' advance
notice of plant closure or layoff (U.S. Congress, Office of Technology
Assessment, 1986a; U.S. General Accounting Office, 1986, 1987b).

15 The first set of survey results published by the General Accounting Office (1986)
found that 76 percent of establishments provided ''general'' advance notice, defined as
notice to groups of workers that some or all of them might be laid off in the future.
"Specific" advance notice was defined as telling individual workers of the date of their
impending layoff. A more restrictive definition of general advance notice was used by
Brown (1987) who defined it as notification of individual workers that layoffs or a plant
closing were likely. Drawing on data from the BLS Permanent Mass Layoff and Plant
Closing Program (Secretary of Labor's Task Force, 1986, Appendix C), which defined
general advance notice as notification to individual employees that they would be laid
off, Brown found from a survey of establishments employing 50 or more workers that
only 36 percent of the establishments provided general notice. The most recent
tabulation of a more complete set of responses to the GAO survey (U.S. General
Accounting Office, 1987b) has eliminated any analysis of "general" advance notice.
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8

The Quality of Data on Technological
Change, Its Employment Effects, and

Adjustment Mechanisms
An important part of the charge to this panel called for a review of the

adequacy of the available data on the impacts of technological advances on
employment, productivity, and economic growth in the United States. For many
of the questions of concern to this panel, the data are sufficient to support
informed conclusions. In a number of other areas, however, especially areas of
interest for further research or policymaking, these data are seriously deficient.
The problems with the evidence are both conceptual and empirical. In many
areas the only measures of technological change (e.g., productivity trends) are
indirect, responding to many influences other than technology, or they are direct
measures that capture only a part of the processes of innovation and adoption
(e.g., patents). In other areas, insufficient public investment in data collection
and analysis means that the relevant data are of poor quality.

This chapter surveys the deficiencies in the public data on technological
change and its economic impacts (in terms of employment, productivity, and
output growth) and suggests a research strategy to illuminate the effects of new
technology on the worker, the firm, and the workplace. In addition, we briefly
discuss potential improvements in the evaluation of programs to aid worker
adjustment to technological change. The broader issue is an important one;
although data do not drive the policy formation process, their absence surely
leaves this process less informed, less effective, and potentially
counterproductive.
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DATA ON TECHNOLOGY AND ECONOMIC PERFORMANCE

Elsewhere in this report, we have criticized the use of case studies and
other methodologies to predict the employment and skill impacts of
technological change. Although these methodologies do offer important insights
into the processes and effects of such change, the consumer of the findings of
such studies must be wary of treating them as applicable to the entire economy
or even to a sector of the economy. Moreover, the large bands of uncertainty
that underlie virtually all estimates of impacts must be acknowledged, both by
researchers and by those who would apply these findings.

A key reason for caution in interpreting and generalizing the results of
sectoral or case studies is the disjunction between the aggregate and detailed
levels of analysis of the employment and economic effects of technology.
Virtually all of the data on the effects of technological change have been
compiled at the individual industry, firm, or even production establishment
level; statements or conclusions about overall trends, impacts, and rates of
change, however, require aggregate data. Unfortunately, sectoral and industry
studies do not aggregate well, and the transition from the detailed or sectoral to
the aggregate level of analysis cannot be made with most data. Data on the
aggregate economic impact of technological change in manufacturing are
sparse, and their quality may be declining, due in part to reductions in federal
programs of data collection and analysis.

Spending under the fiscal year 1987 budget for several key federal
statistical agencies has been stagnant or has declined in real terms since fiscal
year 1980 (Slater, 1986).1 Budget cutbacks have produced significant
deterioration in data on innovation and economic change in several specific
programs. The line-of-business data of the Federal Trade Commission have
been an important source of information about R&D and other measures of
economic performance (e.g., sales and net revenues) at the level of individual
product lines within large U.S. businesses. These data allow a researcher to
account explicitly for the multiproduct character of the modern manufacturing
and service sector firm. For example,

1 Measured in 1982 dollars, appropriations for Census Bureau programs excluding the
Survey of Income and Program Participation (which analyzes household participation in
federal assistance programs, including Social Security, Medicaid, and food stamps) have
declined from $62 million in fiscal year 1980 to $58.6 million in fiscal year 1987;
appropriations for the Bureau of Economic Analysis have remained constant, at $18.6
million, and appropriations for the BLS (excluding the project charged with revising the
consumer price index) have declined from $121.1 million in fiscal year 1980 to $119.9
million in fiscal year 1987.
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the line-of-business data allow one to take into account the fact that a firm like
General Electric produces a vast array of goods and services (e.g., financial
services), instead of assuming that its products are only those of the electrical
equipment industry. Unfortunately, these data are no longer being collected, and
research on the existing data base has been sharply reduced.

Still another significant data collection effort within the federal
government has been abandoned recently. In the 1970s a unit of the Patent
Office, the Office of Technology Assessment and Forecasting, began to compile
and analyze machine-readable time series data on U.S. patenting activity,
assessing overall trends and analyzing patenting activity in specific economic
sectors and technologies. Although they are an imperfect measure of
innovation, patents capture an important part of the overall innovation process.
This unit, however, has been disbanded; its data analysis and dissemination
activities have been reduced considerably.

Any analysis of the impact of technological change is also hampered by
the incompatibility of many of the data bases supported by federal agencies. As
Courtenay Slater (1986), former chief economist of the U.S. Department of
Commerce, has noted, the lack of a central statistical agency in the federal
government has encouraged the proliferation of incompatible statistical series
and surveys. For example, the organizational and analytic categories used by
the Census Bureau are only partly compatible with the data structure developed
by the BLS, which in turn is compatible with only a few of the data bases of the
Bureau of Economic Analysis of the Commerce Department. There are
potentially great returns to better coordination among these publicly funded data
collection and organization efforts. Slater has recommended that statistical
agencies (mainly the Bureaus of Labor Statistics, the Census, and Economic
Analysis) be allowed and encouraged to ex-change—with appropriate
safeguards to ensure privacy—confidential information about businesses and
individuals. Such a policy also might require coordination and agreement
among federal statistical agencies on the specific topics of interest in a
coordinated data collection and publication effort.

Another deficiency in our knowledge stems from the fact that data on
technological change within the United States cover only the generation of new
technology. As we noted in Chapter 2, adoption (i.e., diffusion) is crucial to a
technology's economic impact; but virtually no data on adoption are collected
by public statistical agencies. Developing statistical series on the diffusion of
innovations within the manufacturing and services sectors would be a useful
investment of public funds.
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A final area of concern is the poor quality of the data on the economic
behavior and performance of the nonmanufacturing sector, a large and still
growing portion of the U.S. economy that now employs more than 70 percent of
the U.S. work force (President's Council of Economic Advisers, 1987). As
Representative David Obey and Senator Paul Sarbanes (1986) noted:

A review of our national data collection efforts with regard to the American
labor force and American businesses would lead one to believe that we are still
a society of blue collar workers primarily engaged in manufacturing. While we
continue carefully to count the number of people employed in the textile
industry who are engaged in sewing on snaps as opposed to those who stitch
sleeves, we have no information on how many Americans now work in
computer sales. We do not know how many people make a living writing
software or how much they make. We have no definite information on whether
the Nation's movement toward a "service economy" has helped or hurt family
income or what kinds of specific skills are required in growth industries. We
don't even have detailed information on what the growth industries are or how
fast they are growing. (p. 2)

The deficiencies in the data on service sector output, employment, and
productivity—to say nothing of technological change in this sector of the
economy (see National Research Council, Committee on National Statistics,
1986)—are such that there is genuine uncertainty as to whether the apparent
productivity slowdown of the past decade is significant or whether it reflects
increasing problems in measuring service sector productivity growth outside of
manufacturing. Neither can one distinguish with precision among productivity,
trade output, or employment trends in different service industries because of the
high levels of aggregation within these data. For instance, despite rapid growth
in international trade in the services sector, the categories of primary interest,
such as earnings from the foreign sale of U.S. financial, insurance, and
consulting services, are lumped together into a "miscellaneous" grouping that is
the largest single category of U.S. services exports.

The industrial classification scheme used for service sector data collection
and analysis is in need of major revisions; such revisions would allow
disaggregation of the data and analyses of the trends in more economically
meaningful components of the nonmanufacturing sector. Whatever specific
actions are taken, however, we feel that the quality of these data are a cause for
concern. Continued neglect of the nonmanufacturing sector data base is
dangerous in view of the growing importance of this sector to the national
economy and to economic policy decisions.
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A STRATEGY FOR SURVEYS OF THE IMPACT OF
TECHNOLOGY ON THE WORKPLACE

As we noted in Chapter 4 and the previous section of this chapter,
researchers need representative data bases that combine data on the rate of
technological change and diffusion with data on the changing level and
distribution of employment and investment within firms, allowing aggregate
trends to be monitored with greater precision. In addition, they require better
data on the quality and character of the work environment and on workers'
reactions to new technology. In this section we briefly discuss strategies for
collecting such data.

Surveys of Firms

Hunt and Hunt (1985) noted in their survey of data sources for the analysis
of technological change that the Bureaus of Labor Statistics and the Census
have already collected much of the data needed to analyze aggregate trends in
employment and technology. Currently, however, there is no way to link these
data either with one another or with data on investment and technology. As
these researchers put it: "We have occupational data, but it cannot be linked to
specific technologies in use. We have demographic data, but it does not possess
sufficient occupational or technological content. In the area of the technology
itself, we lack even the most rudimentary data with which to address policy
concerns" (p. 42). Another crucial data deficiency stems from the fact that
technological change in most cases involves substituting capital for labor. To
analyze such change, compatible data must be gathered on the evolving demand
of firms for inputs of capital and labor. Currently, no such data exist at the firm
or establishment level.

Responding to these gaps, Hunt and Hunt (1985) proposed that a "Current
Firm Survey" of manufacturing and nonmanufacturing firms be undertaken to
complement BLS's Current Population Survey. Like the population survey, the
firm survey would be constructed as a sample of various groups within the
relevant population—in the case of the establishment survey, firms would be
chosen from various industries. The survey would be designed to elicit detailed
data on the characteristics of new capital investment in the lines of business of
respondent firms; those data in turn would enable researchers to develop an
accurate profile of the rates of adoption of new technologies. Similarly detailed
data would be obtained on the characteristics of the firm's work force.

Firm surveys have problems that are well known to anyone who has ever
tried to conduct empirical studies of the behavior of companies over time. The
product lines of large modern firms are extremely diverse, which makes

THE QUALITY OF DATA ON TECHNOLOGICAL CHANGE, ITS EMPLOYMENT
EFFECTS, AND ADJUSTMENT MECHANISMS

164

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Technology and Employment: Innovation and Growth in the U.S. Economy
http://www.nap.edu/catalog/1004.html

http://www.nap.edu/catalog/1004.html


the development of a balanced cross-industry sample of firms extremely
difficult. Moreover, companies vanish and are born with considerable
frequency, although an appropriate sampling technique could reduce problems
from such changes in the population. Resolving these difficulties would be well
worth the time and effort involved, however, because this type of survey could
provide valuable product-line data on investment, technological change, and
occupational requirements. Without such data, it is unlikely that significant
progress can be made in the study of technology and employment. If the costs
of such a survey are judged to be excessive, a less expensive alternative is an
expansion of the range of questions asked of firms in the Census of
Manufactures administered by the Census Bureau. In addition, as in the
population census, a sample of these firms could be asked to provide more
detailed and extensive data.

A Survey of Workers and Working Conditions

A detailed study of the effects of technological change is also constrained
by a dearth of reliable data. One survey-based study of U.S. firms and workers
(Mueller et al., 1969) was published 18 years ago, and serves as a model for the
proposal outlined below. The survey of workers we propose would be more
rigorous than that in the Mueller team's study; it would attempt to resurvey
respondents at regular intervals to track changes in the workplace resulting from
the use of new technologies and to trace the employment and skill effects of
technological change on individuals. The survey also would include a matched
sample of employers and workers for a subset of the worker population, an
addition that allows tests for biases in the survey responses and supports further
analyses of technology's impacts on workers.

The proposed survey would include monitoring and research studies at 5-
year intervals in which respondents would be asked about their current job and
the job they had 5 years earlier (the employer would be asked about the
changing mix of jobs over the 5 years). The basic sample would be drawn from
adults of working age (16-75 years old). In addition, through a sample of
establishments, employers could be asked to provide workplace data for a
sample of employees in each establishment, allowing information to be
compiled both on individuals and on their interaction with a changing
workplace. Follow-up interviews would concentrate on individuals and their
experience. The two samples would include some overlap—for example,
interviewing workers in the first sample who work for employers interviewed in
the second sample.

How might such a survey be undertaken? One option is to supplement the
regular BLS CPS questionnaire with these inquiries every 5 years. Such a
procedure, however, does not allow for tracking particular
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workers. The alternative is a large-scale study in which a sample of workers is
followed over a number of decades; such a study would resemble the large
panel studies of family income and economic status that have been developed
during the past 20 years. Combined with results from the detailed survey of
firms proposed earlier, these data would permit an analysis of the effects of
technological change on both employers and employees.

A similar survey was proposed in a recent report to the U.S. Department of
Labor by a Social Science Research Council (1986) advisory group. This group
proposed collecting information from both employees and employers. The
quality of worklife was the main concern of this proposed research, but the
advisory group's proposed survey could easily be modified to cover the impact
of technology on both employment and the nature of work.

INFORMATION ON THE EFFECTIVENESS OF WORKER
ADJUSTMENT PROGRAMS

The panel's charge called for an evaluation of adjustment assistance
programs for workers displaced by technological change. Such an evaluation is
difficult, however, in view of the embryonic state of research and knowledge
concerning program design and effectiveness in retraining for displaced
workers. As we discussed in Chapter 7, there have been few rigorous
evaluations of displaced worker programs of the type being supported by Title
III of the JTPA. Those that have been conducted offer limited evidence on the
design of successful programs for improving the long-term employment and
income prospects of displaced workers.

We are encouraged by the U.S. Department of Labor's recent support of
rigorous evaluations of displaced worker adjustment programs. Without
additional evaluative research and related policy experiments, the knowledge
base from which to develop effective programs cannot be assembled.
Evaluations are needed that will provide information on the effectiveness of
adjustment program designs that combine job search assistance, basic skills
training, and job-related training in different quantities and use varied delivery
approaches. Evaluation of these programs also should incorporate analyses of
their effectiveness in assisting displaced workers with different characteristics.

The requirement for additional research need not and should not preclude
the development of new initiatives to aid displaced workers. A pluralistic policy
is required that will encourage the development and evaluation of different
approaches to worker adjustment, including retraining in job-related and basic
skills. In this regard, we concur with the report of the U.S. Department of
Labor's Advisory Panel on Job Training
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Longitudinal Survey Research (1985), which recommended that more
experimental programs be conducted using randomly selected experimental and
control populations.

A useful principle to guide the evaluation of worker adjustment assistance
programs would be for the federal or state agency charged with the
administration of the program to share responsibility for its evaluation with
another agency or advisory group. For example, the evaluation of federal
adjustment programs might be shared by the Department of Labor with another
agency or outside advisory panel, and a similar procedure could be used by the
Department of Education in evaluating the Perkins Act. The Advisory Panel on
Job Training Longitudinal Survey Research recommended that the "research
process should be monitored by a firm or group with no ax to grind in order to
assure adherence to DOL's [the Department of Labor's] policy needs and
maintain a quality level that will inspire public confidence in the final research
products" (1985, p. 32). An expert panel could be established under the auspices
of the National Research Council or another group to oversee the design and
implementation of evaluations. Whatever actions are taken in this area should
proceed simultaneously with the development of additional innovative
programs for worker adjustment.

Finally, evaluations are needed of state-level programs in skills
improvement for the employed work force to determine whether this strategy is
effective in improving the productivity and technological performance of U.S.
firms. To what extent, for example, are these programs simply providing public
funds to support training activities that otherwise would have been supported by
private firms? Answers to this and other questions are difficult to obtain, but
they are essential for determining the returns on investment in such training. As
noted in Chapter 7, the number and heterogeneity of these state efforts provide
an opportunity for comparisons and evaluations of programs that serve similar
populations but use different designs. Such evaluations could also inform
modifications of the federal vocational education assistance legislation (the
Perkins Act) that allows for state support of employer-provided training to
employed workers.
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9

Findings

Our principal finding on the employment-related effects of technology
states that:

Technological change is an essential component of a dynamic, expanding
economy. The modern U.S. economic system, in which international trade
plays an increasingly important role, must generate and adopt advanced
technologies rapidly, in both the manufacturing and nonmanufacturing
sectors, if growth in employment and wages is to be maintained. Recent and
prospective levels of technological change will not produce significant
increases in total unemployment, although individuals will face painful and
costly adjustments. Rather than producing mass unemployment, technological
change will make its maximum contribution to higher living standards, wages,
and employment levels if appropriate public and private policies are adopted
to support the adjustment to new technologies.

The panel's other central findings, which cover a number of dimensions of
the employment impact of technological change and form the basis for the
policy recommendations in Chapter 10, are listed below. This listing is followed
by subsidiary findings from each chapter.

CENTRAL FINDINGS

Employment and Wage Impacts of Technological Change in
an Open Economy

•   Historically, technological change and productivity growth have been
associated with expanding rather than contracting total employ
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ment and rising earnings. The future will see little change in this
pattern. As in the past, however, there will be declines in specific
industries and growth in others, and some individuals will be
displaced. Technological change in the U.S. economy is not the sole or
even the most important cause of these dislocations (see Chapters 2
and 3).

•   The adoption of new technologies generally is gradual rather than
sudden. The employment impacts of new technologies are realized
through the diffusion and adoption of technology, which typically take
a considerable amount of time. The employment impacts of new
technologies therefore are likely to be felt more gradually than the
employment impacts of other factors, such as changes in exchange
rates. The gradual pace of technological change should simplify
somewhat the development and implementation of adjustment policies
to help affected workers (see Chapter 2).

•   Within today's international economic environment, slow adoption by
U.S. firms (relative to other industrial nations) of productivity-
increasing technologies is likely to cause more job displacement than
the rapid adoption of such technologies. Much of the job displacement
of the past 7 years does not reflect a sudden increase in the adoption of
labor-saving innovations but instead is due in part to increased U.S.
imports and sluggish exports, which in turn reflect macroeconomic
forces (the large U.S. budget deficit and the high foreign exchange
value of the dollar during 1980-1985), slow adoption of some
technologies in U.S. manufacturing, and other factors (see Chapters 2
and 3).

•   The rate of technology transfer across national boundaries has grown;
for the United States, this transfer increasingly incorporates
significant inflows of technology from foreign sources, as well as
outflows of U.S. research findings and innovations. In many
technologies, the United States no longer commands a significant lead
over industrial competitor nations. Moreover, technology ''gaps'' (the
time it takes another country to become competitive with U.S. industry
or for U.S. firms to absorb foreign technologies) are likely to be
shorter in the future (see Chapter 3).

Technology and the Characteristics of Tomorrow's Jobs

•   New technologies by themselves are not likely to change the level of
job-related skills required for the labor force as a whole. We do not
project a uniform upgrading or downgrading of job skill requirements
in the U.S. economy as a result of technological change. This does not
deny the need, however, for continued investment and improvement in
the job-related skills of the U.S. work force to support the rapid
adoption of new technologies that will contribute to U.S.
competitiveness (see Chapter 4).
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•   Technological change will not limit employment opportunities for
individuals entering the labor force with strong basic skills. The most
reliable projections of future job growth suggest that the number of
jobs in the broad occupational categories accounting for the majority
of entrant employment will continue to expand. Combined with a
projected lower rate of growth in the entrant pool, this conclusion
suggests that labor force entrants with strong basic skills (numerical
reasoning, problem solving, literacy, and written communication) will
fare well in the job markets of the future (see Chapter 5).

Technology and Work Force Adjustment

•   A substantial portion—from 20 to 30 percent—of displaced workers
with job experience lack basic skills. These workers often remain
unemployed longer and have difficulty finding new jobs without
incurring significant wage reductions. In view of the fact that
technological and structural change in this economy will place
increasing demands on the ability of workers to adjust, experienced
workers who lack basic skills will face even greater difficulties in
future job markets (see Chapter 3).

•   The evidence suggests that displaced workers who receive substantial
advance notice of permanent job loss experience shorter periods of
unemployment than workers who do not receive such notice.
Substantial advance notice (several months) of permanent layoffs or
plant shutdowns appears to reduce the severity of worker
displacement. Moreover, such a policy can improve the effectiveness
of job search assistance, counseling, and retraining programs, thereby
reducing the public costs of unemployment (see Chapter 7).

•   The primary federal program for displaced workers, Title III of the Job
Training Partnership Act (JTPA), emphasizes the rapid placement of
workers in new jobs. It does not appear to serve the needs of many
displaced workers. JTPA provides little training for the substantial
number of displaced workers who need better basic skills; it also
provides little extended training in job-related skills for other workers
(see Chapter 7).

•   Displaced worker adjustment assistance programs reduce the duration
of unemployment after displacement and result in higher wages in new
jobs obtained immediately after participation in such programs. There
is limited evidence on the contribution of retraining in basic and job-
related skills (a component of many such programs) to the employment
and earnings prospects of displaced workers. Nevertheless, it would be
wrong to conclude from this that retraining is ineffective or that it has a
negative impact on earnings or reemployment prospects. Too little is
known about the components of effective adjustment programs for
displaced worker populations with different characteristics because of
the
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paucity of rigorous evaluations of such programs. Additional policy
experiments and evaluations are badly needed to improve these
programs (see Chapters 7 and 8).

CHAPTER FINDINGS

Chapter 2: The Sources and Rate of Technological Change in
the U.S. Economy

•   Nontechnological, managerial, and organizational factors powerfully
influence the adoption of new technologies and the impact of their
adoption on product quality, labor productivity, and the skill
requirements of labor. Indeed, the recent experience of some U.S.
adopters of advanced manufacturing technologies suggests that
changes in the structure of management and production organization
are as important as the technologies themselves in improving
productivity and product quality.

•   A work force that is well trained in job-related skills, and therefore
capable of adopting new technologies more rapidly, can improve the
ability of U.S. firms to remain at the technological frontier and to
compete more effectively in international markets. The evidence on job-
specific training and the adoption of new technologies in other nations,
such as Japan, Sweden, and West Germany, is qualitative rather than
quantitative, but it suggests that investments in improving the job-
related skills of the blue-collar work force can contribute to more rapid
adoption and effective utilization of new technologies.

•   The rate of technological change in the United States does not appear
to have increased in recent years. Acceleration in the rate at which
new technologies are developed and adopted within this economy
should be revealed in increases in labor productivity growth within the
overall economy. Such growth during the past decade has been well
below its postwar average. Within the manufacturing sector, labor
productivity growth recently has increased, although it does not
significantly exceed levels of the 1950s or early 1960s. In the
nonmanufacturing sector, labor productivity growth remains low, well
below the postwar average (although this may reflect measurement
problems).

Chapter 3: Labor Supply and Demand Within the U.S.
Economy

•   An average of more than 1 million experienced workers (those with at
least 3 years' tenure in their jobs) were displaced each year during
1979-1983. The annual flow of displaced workers accounted for 10-13
percent of the unemployed population during 1979-1983, although the
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share of total unemployment during this period for all displaced
workers ranged between 20 and 31 percent. Data covering 1983 and
1984 suggest that the rate of displacement of experienced workers has
not declined significantly.

•   Workers with higher levels of training in job-related skills experience
shorter spells of unemployment after layoffs than workers without such
training. These workers are also more likely to find better-paying jobs
than their less skilled colleagues. Blue-collar workers' adjustment to
new technologies and structural change may be impaired as a result of
the tendency for these workers to receive less employer-financed
training than white-collar employees, as Chapter 7 discusses in greater
detail.

•   The rate of growth in the U.S. labor force is projected to be
considerably lower during the next decade than it was during
1975-1985. This slower rate of growth should reduce somewhat the
supply of labor relative to demand and should ease worker adjustment
to technological change. Projected low rates of labor force growth
during 1987-1995 also mean that the gender composition and ethnic
makeup of the 1995 labor force will closely resemble those of the 1987
labor force.

•   The economic returns from higher educational attainment within the
U.S. labor force have increased substantially since the 1970s.
Measured as the difference in median annual income, the economic
returns to completing high school have increased significantly since
1973. Such increases reflect the importance of basic skills for quality
jobs and career advancement within the modern economy.

•   Serious gaps persist in the level of secondary educational attainment of
whites, blacks, and Hispanics within the U.S. work force, although
these gaps have narrowed in recent years. As the data on the economic
returns from educational attainment suggest, workers with lower levels
of educational attainment have more trouble obtaining quality jobs as
entrants or displaced workers. The persistence of these educational
gaps therefore will contribute to racial and ethnic economic inequality.

•   The dynamic character of U.S. labor markets, combined with the
gradual pace of technological change, should ease worker adjustment
to such change. Although the U.S. labor market is characterized by
high rates of job creation and loss, this fluidity is not caused by
technological change; rather, it reflects changes in the structure of the
economy and the growth of individual firms. For many U.S. workers,
the costs of displacement are high, but the duration of unemployment
after displacement is shorter than for displaced workers in Western
Europe.

•   The level of demand for U.S. labor, especially in manufacturing, has
been affected by declines in the international competitiveness of many
U.S. industries. The recent realignment of foreign exchange rates will
aid U.S. exports and reduce import penetration of many U.S. markets.
Yet
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this realignment has not solved and will not solve the nation's
competitiveness problem without improved U.S. performance in
technological and other areas (e.g., rates of capital formation).

•   The rate of decline in the manufacturing sector's share of total
employment has accelerated during the past 7 years. In addition, the
wage losses incurred by the small stream of workers moving
involuntarily from manufacturing to nonmanufacturing industry have
increased. Technological change is but one of a number of influences
affecting this decline—and by no means the most important one. The
foreign exchange rate of the U.S. dollar and slow rates of economic
growth in nations buying a large share of U.S. exports appear to be
even more significant factors.

Chapter 4: Studies of the Impact of Technological Change on
Employment, Skills, and Earnings: A Critical Review

•   Forecasting the sectoral or occupational impacts of technological
change is extremely difficult. Numerous factors, such as the length of
time required for the widespread diffusion of an innovation, affect the
employment impacts of technological change. These factors operate
with varying lags and exert offsetting influences on the demand for
labor. In addition, the data available to measure these factors often are
deficient in quantity and quality. The results of most forecasts in this
area therefore should be viewed with considerable skepticism.

•   Technological change does not appear to be responsible for growth in
the inequality of the distribution of household incomes during the past
two decades. Increasing inequality in the before-tax household income
distribution reflects changes in the composition of the U.S. work force
and the structure of the family, rather than the impact of technological
change. Changes in the structure of federal entitlement programs and
tax policies since 1981 appear to have contributed to increased
inequality in the after-tax household income distribution.

•   Assessing the effect of technological change on occupational structure
and entry-level job skill requirements beyond basic skills is fraught
with uncertainty. Such uncertainty derives from the dynamic character
of the U.S. economy, the unpredictable direction and impacts of future
technological change, and the fact that the effects of new technologies
on skill requirements often are affected heavily by managerial
decisions concerning the organization of work. This uncertainty
reinforces the arguments favoring a "generalist" approach to the
education of entrants to the labor force, emphasizing basic skills, rather
than a large investment of resources in training for a specific set of
vocations.
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Chapter 5: Differential Technology Impacts: Black Workers,
Female Workers, and Labor Force Entrants

•   The negative employment impact of technological change within
specific occupations will have little if any effect on the future
employment prospects of black workers. Nevertheless, reductions in
barriers to minority employment in all occupations would improve the
ability of blacks to adjust to technological change.

•   As in the case of blacks, the employment-reducing impacts of
technological change within specific occupations, which are small in
the aggregate, will have little effect on the employment prospects of
women. Reducing barriers that impede the entry of women into other
occupations would expand their employment options and thus improve
their ability to adjust to such change.

•   Labor force entrants from minority groups often have low levels of
educational attainment that imply weak basic skills and that impair the
adjustment of these groups to technological change. Continued efforts
to raise the quality of entrants' basic skills preparation, narrowing the
gap in educational attainment between black and white as well as
Hispanic and white youth, will aid such adjustment.

Chapter 6: Technological Change and the Work Environment

•   A "two-tiered" work force, which might develop as a result of
decreases in career mobility within the workplace and reductions in
the skill requirements for some jobs, does not appear to be an
inevitable result of technological change. The evidence is limited on
the effects of technological change on career mobility within the
workplace. These effects are not determined solely by technological
factors but are also influenced by managerial decisions on the design
and implementation of new technologies. Case studies, which provide
some indication of these impacts, do not suggest a uniform reduction
in such mobility. Although future developments may change this
judgment, our review of the evidence suggests that new technologies
will not reduce upward mobility within the workplace.

•   Management policies (including retraining for other jobs within the
firm, advance notification of the introduction of new technologies, or
labor-management consultation on the introduction of technology) that
help workers adjust to technological change often benefit both
management and labor by allowing more rapid introduction of new
technologies without significant production losses or other disruptions.
Worker involvement and responsibility in planning the adoption of
technology often can improve the performance of new process
technologies. Greater cooperation between
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management and labor (both union and nonunion) can improve U.S.
productivity and competitiveness, thereby enhancing job security and
supporting growth in real wages.

•   The direct and indirect impacts of technological change may pose
significant challenges to the structure of health and safety regulation,
while also contributing to the reduction of workplace hazards. For
example, information and computer-aided manufacturing technologies
could reduce workplace hazards by contributing to safer production
processes. Increases in the share of employment accounted for by
small firms, however, may create problems for the enforcement of
federal and state workplace safety and health regulations.

Chapter 7: Current Policies for Worker Adjustment

•   Some federal policies for dealing with displaced workers, such as
Trade Adjustment Assistance (TAA), have differentiated among these
workers by the cause of their displacement. This program design has
resulted in the inequitable treatment of different groups of displaced
workers and frequently has introduced long delays in the delivery of
assistance. Because of the need to certify the causes of worker
displacement under the provisions of TAA, assistance was delayed in
some cases as long as 14 months, which hampered the use of program
funds for retraining displaced workers.

•   Existing unemployment compensation policies provide income support
during temporary layoffs, but they do not deal effectively with the
problems of long-term displacement. Moreover, in many states,
workers undertaking retraining are ineligible for unemployment
compensation.

•   The training system as a whole appears to be highly responsive to the
changing demands of employers for new job-related skills. There are
serious questions, however, about the ability of displaced workers to
finance their access to this system.

•   Forecasts of detailed skill requirements for the U.S. economy
historically have been inaccurate and of marginal value. In view of
this fact, as well as the evidence on the high degree of flexibility and
responsiveness of the training system to changing employer and
worker demands, we see little need for additional investments in
forecasting detailed skill or training requirements.

Chapter 8: The Quality of Data on Technological Change, Its
Employment Effects, and Adjustment Mechanisms

•   The quality of data on many detailed aspects of technological change
and its economic consequences is poor. In areas ranging from productiv
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ity growth in nonmanufacturing industries to the rates of diffusion of
technologies in both manufacturing and nonmanufacturing industry to
the effectiveness of worker adjustment programs, knowledge and
understanding are impaired by a dearth of reliable quantitative
measures. Deficiencies in the available data hinder detailed analyses of
the impact of technology on employment and the design of policies to
address the problems created by technological and structural change.
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10

Policy Options and Recommendations

Our discussion of policy options and recommendations is based on the
conclusions that technological change is essential to growth in U.S.
employment and living standards and that an appropriate policy structure can
facilitate such change. In devising these policies, policymakers are aided by the
nature of technological change, which tends to be gradual in its effects on
employment and the work environment. We have developed recommendations
that emphasize three broad initiatives in public and private sector policies: (1)
public policies to aid worker adjustment to technological change; (2) public
policies to support the development and application of advanced technologies;
and (3) improvements in labor-management cooperation in the adoption of new
technologies, as well as improvements in private managers' expertise in
evaluating and implementing new technologies.

Although the overall U.S. standard of living and average real wages
increase as a result of the productivity advances associated with technological
change, individuals also suffer losses. Many of our public policy
recommendations stem from the belief that a portion of the affluence created by
technological change should be used to assist those suffering losses as a result
of it. In addition, public policies that deal with the equitable distribution of
gains and losses from technological change can facilitate such change by
reducing the resistance of potential losers to new technologies in the workplace.
Just as management policies to support adoption of new technologies within the
firm must address worker concerns about adjustment and employment security
(see Chapter 7),
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public policies that aid adjustment can reduce potential resistance to technology
and support its more rapid adoption. On balance, if policies are developed that
ease the burden of adjustment for those individuals faced with job loss, thereby
facilitating the adoption of new technologies, all members of our society can
benefit.

RECOMMENDATIONS FOR THE PUBLIC SECTOR

Policies for Worker Adjustment

Our review of the evidence on the employment effects of technological
change has identified two groups of workers that may be adversely affected:
experienced workers, who may lose their jobs as a result of the adoption of
technology, and labor force entrants, who may find that job opportunities are
reduced by technological change. Our public policy recommendations also
address the impacts of technological change on female and minority workers.
The evaluation of policies affecting the educational attainment and basic skills
preparation of labor force entrants is beyond the scope of this report. We
therefore make no specific recommendations in this area beyond noting the
severity and urgency of the problem and recommending that additional research
and actions based on that research be undertaken. We do propose several steps
to improve and expand programs serving technologically displaced workers.
These recommendations are necessarily tentative—the available data and
program evaluations provide limited information about the needs of these
workers, the effectiveness and costs of various adjustment strategies, and the
rates of participation by technologically displaced workers in retraining
programs that offer income support. Nevertheless, the costs of inaction are
great, as are the potential benefits from improvements in the adjustment
assistance policies of this nation.

Aiding Worker Adjustment to Technological Change

The panel's charge called for an identification and analysis of the efficacy
of existing and alternative policies for dealing with the employment-related
effects of technological change. Two existing federal programs offer adjustment
assistance to technologically displaced workers. One program is Title III of the
Job Training Partnership Act (JTPA), which provides assistance to all displaced
workers, including those displaced by new technology; the other is Trade
Adjustment Assistance (TAA). Eligibility for TAA, however, is restricted to
those workers in goods-producing industries who can demonstrate that their
displacement was caused by imports. Certifying the causes of displace
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ment for this program is time-consuming and reduces its ability to provide
job search assistance, retraining, and other adjustment services rapidly
following displacements.1 We have therefore chosen to focus our
recommendations and options for changes in publicly financed worker
adjustment assistance programs on Title III of JTPA.

The fact that Title III does not differentiate among displaced workers by
the cause of their displacement is an important positive feature of this program,
one that strengthens its ability to deal with technological displacement. This
assessment of JTPA reflects the severe administrative difficulties and service
delivery problems of programs that attempt to distinguish among workers
according to the causes of their displacement. Although the charge to the panel
focused on the employment effects of technological change, our judgment,
based on our review of the evidence, is that a program of adjustment assistance
for technologically displaced workers enforcing a strict requirement that the
cause of such displacement be certified is unworkable.

Determining the precise causes of worker displacement is extraordinarily
difficult, in part because of the complexity and number of channels through
which the impact of technological change on the economy is realized. For
example, when a worker is displaced by the closure of a U.S. plant supplying
basic steel, the usual explanation is the absence of technological change in the
U.S. steel industry. The lack of such change makes costs higher and quality
lower than otherwise could be the case. In fact, however, much of the worker
displacement in the steel industry reflects the slow growth of markets for steel
products as a result of technological change in materials. How are we to
determine the relative importance to steel industry worker displacement of
materials substitution due to technological change, increasingly severe foreign
competition as a result of technological change in steelmaking overseas,
predatory pricing by foreign producers, and competition from domestic steel
producers? Such distinctions are virtually impossible.

Moreover, the requirement that such a determination be made introduces
severe delays and uncertainties into the delivery of services to displaced
workers. One of the essential attributes of successful worker adjustment
programs is rapid response—as we noted in Chapter 7 and discuss below,
workers benefit most from adjustment assistance that is offered prior to or
immediately after displacement, rather than after a lag of several months. The
TAA requirement that the causes of displacement be determined has delayed
the delivery of assistance to workers by as

1 A portion of import-related displacement, as we have noted previously, reflects more
rapid adoption of new technologies by foreign firms. This share, however, cannot be
estimated with the available data.
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much as 14 months. The severe uncertainties among workers and service
providers concerning their eventual eligibility for assistance under TAA (or any
other program with such a determination requirement) further reduce the
effectiveness of the program.

Options for Adjustment Assistance for Displaced Workers

We recommend that action be taken to improve existing JTPA Title III job
search and placement assistance programs and programs for training in both
basic and job-related skills for displaced workers. We recommend that some or
all of the following options be implemented :

•   broadening the range of employment services provided to displaced
workers and those facing imminent displacement, including job
counseling, skills diagnosis, job search assistance, and placement
services;

•   increasing the share of Title III funds devoted to training in basic and
job-related skills;

•   broadening income support for displaced workers engaged in training;
•   instituting a program of federally provided direct loans or loan

guarantees, administered by state or local authorities, to workers
displaced by technological change, plant shutdowns, or large-scale
layoffs (these loans could be used by displaced workers to finance
retraining or relocation or to establish new businesses); and

•   establishing a program for demonstrations and experiments with
rigorous evaluation requirements to test and compare specific
program designs.

In addition to these modifications to JTPA, we recommend revising state
unemployment compensation laws to guarantee explicitly that displaced
workers who are eligible for unemployment compensation can continue to
receive benefits while undertaking retraining.

Expanded job search assistance, counseling, and skills diagnosis services
for displaced workers could be provided by existing JTPA Title III service
providers and state programs. The state agency or organization providing these
services might also act as a provider or referral agent for basic skills and job-
related training for displaced workers. Income support for displaced workers
undertaking retraining could take the form of a federally financed 26-week
extension of unemployment compensation (for those eligible for unemployment
compensation) or a training stipend of comparable duration for individuals
enrolled in retraining or basic skills training. To encourage early enrollment in
training by recipients of unemployment compensation, benefit extensions of up
to 26 weeks could be made available only to those who enrolled during the
early weeks of
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receiving regular unemployment compensation (e.g., during the first 6-10
weeks). Extended unemployment assistance could be offered on a ''matching''
basis, with incremental extensions of unemployment compensation beyond the
conventional benefits for each week the recipient is enrolled in training with the
support of regular unemployment compensation. Individuals not eligible for
unemployment compensation could receive the training stipend if they satisfied
an attendance or performance requirement.

As Chapters 3 and 7 noted, some displaced workers require more financial
support for retraining and other forms of adjustment assistance than that
provided by unemployment compensation. To meet these needs, we recommend
that consideration be given to making other funds available (possibly on a trial
basis or as part of a large-scale program experiment) through mechanisms
similar to those used for individuals suffering dislocation due to natural
disasters. Both state and federal governments alike provide extensive
emergency assistance to victims of natural disasters. Federal financial assistance
in these cases often takes the form of direct loans or guarantees for loans to
individuals in business or to homeowners. The dislocations induced by
permanent layoffs or plant closures often are no less severe than those caused
by hurricanes or floods. The direct provision of loans from federal sources or
the extension of federal guarantees to cover loans made by private institutions
are important potential sources of income support for workers interested in
relocating, establishing independent businesses, or pursuing retraining.

Although the evidence on the benefits of adjustment programs for
displaced workers is limited, it is generally positive. Unfortunately, this
evidence does not provide clear guidelines for the design of effective displaced
worker adjustment programs. There are few data on the ideal mix of job
counseling, job search assistance, skills diagnosis, or training in basic or job-
related skills within these programs. Therefore, estimates of participation rates,
training costs and duration, and overall program effectiveness for the economic
adjustment program detailed here are subject to uncertainty. As evaluation data
accumulate, however, the program's design can be modified and improved. It is
important that any adjustment assistance initiatives incorporate carefully
designed, rigorous evaluations.

Operation and Costs of Program Options

We have concluded that the federal government should be the primary
source of funding for the abovementioned policy options. Federal financing is
preferable to state funding because of the inequities created by differences in
the level of state resources for such programs. Indeed,
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states experiencing severe economic dislocations are likely to face serious
problems in funding worker adjustment assistance programs. In view of the fact
that one of the central motives for these programs is the equitable distribution of
the employment-related costs and benefits of new technology among the U.S.
population, the avoidance of regional inequities is an important consideration.
One option for financing the economic adjustment loans, like the arrangements
for other federal loan programs, would use the Federal Financing Bank and
therefore would not require federal funds from general revenues.

Estimates of the costs of the adjustment assistance options for workers
displaced by technology depend on estimates of this population. There are no
reliable estimates, however, of the number of U.S. workers displaced by the
adoption of technology within this and foreign economies. The lack of such
data reflects the difficulties of determining the precise causes of worker
displacement within a complex economy, as was noted previously.

Our estimates of the potential costs of these adjustment assistance options
are based on estimates of the annual flow of workers displaced by all causes. In
view of the fact that JTPA Title III currently does not restrict eligibility
according to the cause of displacement, this basis for our cost estimates also is
the most realistic alternative. In Chapter 3, we note that estimates of the number
of workers displaced annually by all causes range from 1 million, if displaced
workers are defined as individuals with 3 years of employment in their jobs
prior to layoff, up to 2.3 million when all displaced workers are included. Cost
estimates also depend on assumptions about the rates of worker participation in
the program, an area in which reliable data are scarce. Existing programs that
combine income support with retraining for displaced workers, such as the
UAW-Ford program. have enrolled 10-15 percent of the eligible population (see
Chapter 7). Although we lack conclusive evidence on this point, it may be that
participation rates would be higher in programs involving displaced workers
from industries that pay lower wages than the automotive industry.2

We have made estimates of the costs to the federal government of job
search assistance, training, and extended unemployment compensation for two
values of the annual flow of displaced workers: 1 million workers and 2.3
million. As estimated rates of participation in these adjustment assistance
programs are increased from 5 to 30 percent of the displaced worker population.
the estimated costs of these policy options range from $131 million (5 percent
participation rate) to $786 million (30 percent) for

2 Participation rates also will be affected by the policies and guidelines adopted by
states in administering any system of training. job assistance. and income support.
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an annual flow of 1 million displaced workers.3 It is important to note that the
highest estimated participation rate exceeds any observed thus far in a displaced
worker training program in the United States. If we assume that the flow of
eligible displaced workers is 2.3 million annually, the estimated costs of the
program range from $301 million (5 percent participation rate) to approximately
$1.8 billion (30 percent).4

How could these policy options be financed? The panel discussed revenue
alternatives and found no single method that was preferable to all others on
equity and other grounds. In the absence of evidence suggesting that one
alternative is superior to all others, the decision on funding sources and
budgetary reallocations is properly political, involving considerations that
extend well beyond this panel's charge.

Advance Notice of Plant Closures and Large Permanent Layoffs5

Although the options discussed above will improve JTPA's ability to deal
with the problems of workers displaced by technological change and for other
causes, a substantial body of evidence (summarized in Chapter 7) suggests that
these programs are more effective when they are instituted prior to the dismissal
of workers. This is especially true of large-scale layoffs or plant closings
because public and private groups providing adjustment assistance may require
additional time to assist a relatively large number of workers. We therefore
view advance notification of these events as an indispensable component of
JTPA Title III improvements.

We have concluded that substantial (a minimum of 2-3 months) advance
notice of permanent plant shutdowns and large permanent layoffs offers
significant benefits to the workers who are displaced and to the nation by
reducing the average duration of the workers' unemployment and lessening the
public costs of such unemployment. The current system of voluntary advance
notice, however, fails to provide sufficient advance notice to many U.S.
workers. We therefore recommend that federal action be taken to ensure that
substantial advance notice is provided to all workers. Although the panel
agreed on the need for federal action to broaden the coverage of advance
notice within the U.S. work force, panel members were not unanimous in their
support of a specific legislative or administrative mechanism to achieve this
goal. The panel

3 If the annual flow of displaced workers is estimated to amount to 1.2 million workers
(the estimate used by the Secretary of Labor's Task Force on Economic Change and
Dislocation, 1986), the estimated costs of these options range from $157 million to $943
million.

4 JTPA Title III outlays for fiscal year 1987 are roughly $200 million, although a
significant expansion in this program has been proposed in the President's budget for
fiscal year 1988.

5 Panel member Anne O. Krueger dissents from this recommendation. Her statement
appears in Appendix D.
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believes that the following alternatives are viable options to achieve broader
advance notice, with appropriate provisions to reduce the burden on small
business and provide for unforeseen circumstances:

•   federal action to require employers to provide substantial advance
notice of permanent plant shutdowns and large permanent layoffs; or

•   federal action to provide tax incentives for employers to give such notice.

The current system of voluntary advance notice does not provide workers
with the "best-practice" amount of advance notice (a minimum of 2-3 months)—
as Chapter 7 notes, too few workers are notified in advance of permanent plant
closures or large permanent layoffs, thus hampering their adjustment. When
workers receive sufficient advance notice, the evidence suggests that they adjust
more rapidly and more successfully to job loss, which reduces the costs of
displacement to them and to the public sector. We believe that the benefits of
advance notice more than outweigh the costs of such a policy—costs that exist,
but that are distributed differently, when no advance notice is provided. When
advance notice is given, the costs of worker displacement are shared by
taxpayers, by the displaced workers, and by the firms closing plants or
permanently discharging workers, rather than being borne primarily by
taxpayers and the workers being laid off.

Through its public policies, this society has made a judgment that the costs
of many regulations (e.g., those covering health and safety, consumer
protection, or securities markets) that enhance the flow of information to
workers and consumers and distribute costs more equitably among workers,
consumers, and firms are more than offset by the benefits of such policies. We
believe that advance notice falls into the same category of public policy.

The policy options to achieve greater coverage of U.S. workers by advance
notice all emphasize the need for such a policy to be national in scope and
design, rather than being left to the discretion of states and cities. This feature of
our policy recommendation is based in large part on the panel's conclusion that
all of the U.S. work force should be covered by these policies, an outcome that
is feasible only if federal action is taken. Moreover, leaving the development of
advance notice policies to the discretion of the states and cities is likely to
produce a patchwork of conflicting policies with which managers would have to
contend, increasing their costs of doing business while reducing the coverage of
the U.S. work force.

Both of the policy options offered above for extending the coverage of
advance notice have advantages and disadvantages. We do not endorse any
specific piece of legislation in listing these options but wish to
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contribute to the debate and formulation of policy in this area. The first option,
requiring advance notice of all firms above a specific size and exempting those
firms encountering unforeseen business circumstances, has the advantage of
directly affecting corporate behavior and thereby yielding benefits to workers.
This goal is achieved, however, at the cost of restricting managerial discretion
to respond to the changing business environment.

The second alternative also could exempt firms below a specified size
threshold and those encountering unforeseen business circumstances. Its
implementation could include a combination of credits on the corporate income
tax for firms that pledge to provide advance notice and/or surcharges on federal
unemployment insurance taxes for firms choosing not to make such a
commitment. This alternative "internalizes" the social costs of plant closures
and large layoffs without advance notice (in other words, firms will make such
decisions based on a more complete accounting of the social and private costs),
while preserving managerial discretion—firms choosing to close plants and lay
off large numbers of workers without providing advance notice are able to do so
while incurring higher costs. If a large number of firms decide to incur the
higher taxes and/or forego the tax credits associated with providing advance
notice, however, the second alternative may benefit a smaller share of the U.S.
work force.

Choosing among these and other options is a political function and must be
carried out through public, congressional, and executive branch debate. The
choice of enforcement mechanisms for either policy option is particularly
important for the effectiveness of advance notice policies. We strongly urge that
action be taken by the federal government to aid worker adjustment to
technological and other types of economic change by extending advance notice
of plant closures and layoffs to as many workers as possible.

Training for Labor Market Entrants

We share the concerns of other studies, set forth in the reports of the
COSEPUP Panel on Secondary School Education for the Changing Workplace
("High Schools and the Changing Workplace: The Employers' View," 1984), the
Task Force on Teaching as a Profession, of the Carnegie Forum on Education
and the Economy ("A Nation Prepared: Teachers for the 21st Century," 1986),
and the U.S. Department of Education ("A Nation at Risk: The Imperative for
Educational Reform," 1983), regarding the amount and quality of basic skills
preparation provided to labor force entrants by U.S. public schools.
Improvement in the basic literacy, problem-solving, numerical reasoning, and
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written communication skills of labor force entrants is essential. We endorse
additional public support for research on strategies to achieve this goal, as well
as financial support for the implementation of programs that improve the basic
skills of labor force entrants and of those already in the labor force who lack
these skills.

Although technological change is not likely to impose significant demands
on labor market entrants for additional job-related skills, the basic skills of this
group are often weak and must be strengthened. U.S. elementary and secondary
school systems, as well as providers of adult education, must improve basic
skills training. In addition, the gap between white, black, and Hispanic
educational attainment must be closed if all members of our society are to deal
successfully with the demands of the workplace of the future.

Equal Employment Opportunity

We recommend more vigorous enforcement of policies to combat racial
and sexual discrimination in the labor market as a means of improving the
ability of minority and female workers, as well as minority and female labor
force entrants, to adjust to the demands of technological change.

It appears that technological change will not induce large-scale
unemployment in the occupations historically accounting for a large proportion
of minority and female employment. Nevertheless, policies to reduce
discrimination within the job market broaden the employment prospects for
minority and female labor force entrants as well as experienced minority
workers and women, thus improving the ability of these groups to adjust to
workplace changes triggered by the adoption of new technologies.

Science and Technology Policy to Support the Adoption of
New Technologies

We support continued high levels of investment by industry and the federal
government in basic and applied research—this is the essential "seed corn" of
innovation, and such investments play a significant role in the education of
scientists and engineers. Federal support for nondefense R&D is particularly
important, in view of the limited commercial payoffs from the high historical
levels of defense R&D in this nation (there are important but limited exceptions
to this generalization, as noted in Chapter 2). The foreseeable contribution of
defense R&D to the civilian U.S. technology base appears to be limited at best.

In addition to a strong research base, however, public policies to support
more rapid adoption of new technologies within this economy
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deserve consideration. The historic focus of post-World War II science and
technology policy on the generation rather than the adoption of new civilian
technologies (once again. a generalization with several important exceptions)
contrasts with the orientation of public science and technology policy in several
other industrial nations (e.g., Japan, Sweden, and West Germany) and may have
contributed to more rapid adoption of manufacturing process innovations and
more rapid commercialization of new product technologies in these nations. We
therefore support the development and evaluation of additional public policies
to encourage the more rapid adoption of new technologies within the United
States.

We recommend increased federal support for activities and research to
encourage more rapid adoption of new technologies. Although the achievement
of this goal requires actions in a number of areas not considered by this panel,
our review of policies leads us to recommend the following options for
consideration:

• Strengthen research on technical standards by public agencies (primarily
the National Bureau of Standards) to support, where appropriate, private
standard-setting efforts.

Although standards are important to the adoption of many innovations.
they play a particularly significant role in the adoption of computer-based
manufacturing and information technologies. In many cases, the establishment
of product standards requires extensive and diversified research efforts, which
may not profit any single firm. Public agencies can play an important role in
providing technical support for standard setting as well as in supporting
research on alternatives to current standards. Because research by the National
Bureau of Standards in these areas is financed by U.S. taxpayers, the results of
its research could be licensed to U.S. firms on a royalty-free basis and licensed
to foreign enterprises in return for the payment of royalties.

• Strengthen research programs supporting cooperative research between
industry and the federal government in the development and application of
technologies.

Research in the "gray areas" lying between fundamental research and
development plays a major role in validating design concepts and demonstrating
technological feasibility. The President's Office of Science and Technology
Policy (1982) clearly recognized the importance and appropriateness of federal
support of such research in its report on the aeronautics research program of the
National Aeronautics and Space Administration. The success of this program in
supporting high rates of technological change and adoption within an
internationally competitive U.S. industry merits cautious emulation in other
sectors.
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We also believe that stronger research linkages between industry and the
fundamental research performed on the nation's campuses can support more
rapid adoption and commercialization of a number of advanced technologies;
thus, we support recent federal efforts, led by the National Science Foundation,
to provide seed money for university-industry research collaboration. Besides
strengthening the financial foundations of higher education within the United
States, such collaboration allows U.S. firms to monitor the development of new
technology in a wide range of areas, attract high-quality graduate students, and
join with other firms and academic researchers in precommercial research.

• Increase support for federal programs to improve U.S. firms' access to
foreign science and engineering developments and innovations.

Chapter 2 noted that an important change in the economic environment
during the past two decades is the increased technological and scientific
capabilities of foreign nations and firms. The panel believes that U.S. firms on
average do too little to gain access to foreign scientific and engineering
research, despite the importance of these "offshore" sources of commercial
technologies. Options to increase such access include continued expansion of
public support for translations of foreign scientific and engineering journals
(e.g., broadening and expanding P.L. 99-382, the Japanese Technical Literature
Act) or strengthening the links between U.S. science attaches stationed overseas
and the U.S. industrial community. These and other steps could improve the
transfer of technologies from foreign sources to U.S. firms.

The Adequacy of the Data

We recommend that the post-fiscal year 1980 reductions in key federal
data collection and analysis budgets be reversed and that (at a minimum) these
budgets be stabilized in real terms for the next decade in recognition of the
important "infrastructural" role data bases play within research and
policymaking. We urge that a portion of these budgets be devoted to
improvements in the collection and analysis of employment, productivity, and
output data on the nonmanufacturing sector of this economy.

We recommend that a new panel study or a supplement and follow-up to
the Current Population Survey be undertaken by the Bureau of Labor Statistics
to examine the effects of technological change on the skill requirements,
employment, and working conditions of individuals of working age. We also
support the development by the Census Bureau of better data on technology
adoption by firms.
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In the course of this study, the panel has found that the data available from
public sources are barely sufficient to analyze the impacts of technology on
employment. In some cases these data problems reflect the rapid expansion of
new sectors of the economy, such as services, for which federal agencies have
been hard-pressed to monitor and collect data comparable in quality and
quantity to those available for manufacturing. In other cases the data have
declined in quality during the past decade as a result of reductions in collection
budgets and efforts.

We recommend that the Bureau of Labor Statistics expand its survey of
displaced workers (the special supplement to the Current Population Survey) to
allow annual data collection and that this survey improve its question on the
nature and effect of advance notice of layoffs.

We recommend that any expansion of adjustment assistance services for
displaced workers be accompanied by rigorous evaluations of these programs
to provide information on the long-term effectiveness of different program
designs and strategies.

To reduce the potential for conflicts of interest that may arise when an
organization charged with operating adjustment assistance programs has sole
responsibility for the design and administration of evaluations of these
programs, we recommend that federal and state agencies responsible for the
operation of such programs share with other agencies the responsibility for
evaluating them, or conduct such evaluations with the advice of independent
expert panels.

We recommend that evaluations be undertaken of the implementation of
the provisions of the Perkins Vocational Education Act of 1984 that allow
federal and state funds to be used for improving the skills of the employed work
force. In addition, a federally sponsored evaluation of a sample of state-level
programs in upgrade training should be undertaken to determine the overall
effectiveness of such programs and the specific design features that contribute
to success.

Better data on the needs of displaced workers and better evaluations of the
effectiveness of adjustment assistance programs for them, including retraining
and advance notice of plant closures and large-scale layoffs, are urgently
needed. To promote the development of the most appropriate evaluation designs
and techniques, it may be useful to divide the responsibility for the evaluation
of worker adjustment programs between the agencies in charge of program
administration (at the federal level, the Departments of Labor and Education)
and another federal agency, in a fashion similar to that recommended by the
U.S. Department of Labor's Advisory Panel on Job Training Longitudinal
Survey Research (1985). Such an assignment of evaluation responsibility would
ensure a critical and rigorous evaluation of the numerous experiments that we
believe are
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necessary in this area. Another alternative would be for the departments to carry
out their evaluations in cooperation with an expert standing panel, organized by
their secretaries, the National Research Council, or another independent group.
One model for such a panel is the Panel on Decennial Census Methodology of
the National Research Council's Committee on Behavioral and Social Sciences
and Education, which works closely with the Bureau of the Census.

Health and Safety Impacts of Technological Change

We recommend a major interdisciplinary study of the consequences of
technological change for workplace health and safety and the regulatory
structure designed to ensure that worker health and safety are protected. These
areas also should be monitored carefully by federal and state agencies.

The impacts of technological change on workplace health and safety raise
important issues in areas ranging from engineering and toxicology to employee
rights. Many of the workplace hazards associated with new technologies are not
themselves novel, but they may raise issues for the enforcement of health and
safety regulations as a result of changes in the structure of the workplace and
the composition of the work force. On the other hand, significant opportunities
for improving health and safety should be created by applications of
information and computer-based manufacturing technologies. In view of the
importance of this issue for the welfare of the American population, we feel that
a major study should be undertaken of worker health and safety in the
workplace of the future.

RECOMMENDATIONS FOR THE PRIVATE SECTOR

Labor-Management Collaboration in Technology Adoption

Rates of adoption of new technologies, as well as the exploitation of
computer-based manufacturing and office automation technologies to increase
worker productivity, satisfaction, and safety, are affected significantly by the
management of the adoption process. If the process proceeds smoothly, both
workers and management can benefit from these technologies, which have the
potential to enrich work as well as enhance its efficiency. The potential payoffs
from cooperation between labor and management in technology adoption are
high, but such cooperation has been lacking in some U.S. industries. Our
recommendations in this area highlight some key components of successful
adoption strategies.
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Elements of ''Best-Practice'' Strategies for Technology Adoption

We recommend that management give advance notice of and consult with
workers about job redesign and technological change.

The adoption of new technology carries with it multiple requirements for
work reorganization, retraining of workers, and job redesign and
reclassification. Managers must plan the process well in advance and should
consult with workers in such planning because these technologies often place
greater responsibility on workers for maintenance and quality assurance.
Considering the inevitable uncertainties surrounding the characteristics and
potentials of new technologies, input from workers in job redesign and
technology adoption can be extremely valuable.

We recommend that the adoption of new workplace technologies be
accompanied by employment policies that strengthen employment security; such
policies include retraining of affected workers for other jobs and reliance on
attrition rather than on permanent layoffs wherever possible. At the same time,
workers and unions must recognize their stake in a more productive workplace
and consider modifications of work rules and job classifications in exchange for
such employment security policies.

Employment security is a central concern of workers in organizations that
are adopting new technologies. Management can address these concerns
directly through a combination of retraining and assurances of employment
security for workers. The fact that the adoption and "debugging" of new
technologies often take considerable time means that work force reductions,
when necessary, often can be accomplished through attrition rather than by
permanent layoffs. In some cases, unions can agree to revisions in job
classifications in exchange for employment security guarantees by
management. Retraining and employment security programs similar to the
UAW-Ford and UAW-GM training and job security programs, as well as the
new training programs established by the agreements between the
Communications Workers of America and Pacific Telesis and the American
Telephone and Telegraph Company, have considerable promise for application
in other industries.

Protection from the Costs of Displacement

We recommend that management and labor explore the use of severance
payments for permanent layoffs of experienced workers. To preserve such
benefits in the event of a firm's bankruptcy, we also recommend that employers
and workers consider establishing a joint insurance fund.

As noted in Chapter 7, the needs of middle-aged displaced workers from
high-wage, unionized manufacturing industries differ from those of
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other groups of displaced workers. Middle-aged displaced workers face
significant financial losses as a result of displacement and may require income
support as much or more than retraining. In industries such as steel and
automobiles, these workers have been covered by employer-funded
supplements to unemployment benefits, by early retirement pensions, and by
other forms of severance payments that have reduced the financial hardships of
permanent layoffs. Such privately funded plans appear to address the needs of
the high-wage, experienced worker who has been displaced, regardless of the
cause of displacement. Supplemented by our proposed system of loans
(discussed earlier in this chapter), these union-management agreements protect
the interests of an important portion of the displaced worker population and
provide a partial cushion against the financial consequences of job loss. These
plans may require some form of insurance or guarantee, however, to guard
against the consequences of bankruptcy of the firms providing the benefits.

Education for Managers

We recommend that the current efforts to strengthen the quality of
managerial education in the management, adoption, and evaluation of
advanced manufacturing and service production processes be continued, both
within business schools and through other institutions. Additional research on
this topic is needed and could be funded through university-industry research
collaboration, among other possibilities. Education for those currently
employed as managers also must be strengthened to incorporate instruction in
the adoption of new technologies and in strategies for helping the work force to
adjust to technological change.

Many observers ascribe the slow rates of adoption of new technologies in
some sectors of U.S. manufacturing and the often disappointing productivity
and quality gains resulting from the use of these technologies to failings in U.S.
management. What is not widely appreciated is that new technologies impose
requirements on managers for reorganization of the entire work process and,
frequently, the redesign of products. All of these demands can impede the
adoption process if managers are not well trained in evaluation techniques and
methods for the adoption of new technologies. In some cases, for example,
outmoded management accounting systems are unable to take into account the
payoffs from the adoption of advanced manufacturing or office automation
technologies. As a result, actual productivity and quality gains may not be
incorporated in management analyses of new technologies.

Continued efforts to revise these accounting and project evaluation
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techniques and to instruct both students and managers in their application could
contribute to more rapid and effective adoption of new technologies in U.S.
industry. Further research and managerial education in the management of the
relationships among research, product design, and the adoption of new
production technologies also could improve the performance of some sectors of
U.S. industry.
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A

Cosepup Charge to the Panel

"On the basis of present knowledge, the panel shall:

(1)  report on the probable effect of current and future technological
changes* on employment, focusing on the prospects for full
employment and changes in the distribution of employment across
occupations, social groups, and regions;

(2)  report on the probable effect of current and future technological
changes on the working environment, including probable impacts
on labor-management relations, occupational safety and health, job
skill content, and the length of the working day;

(3)  report on the probable effect of current and future technological
changes on existing and new employment opportunities, including
probable impacts on wages, opportunities for advancement, and job
security;

(4)  identify economic sectors in which it is probable that the rapidity of
technological change will cause significant transient effects for
individuals and communities;

(5)  report on the probable effect of current and future technological
changes on the demand for employment-related training and
education, including areas such as retraining of workers displaced
by new technology, the continuing educational needs of
professionals, and vocational education;

* Wherever "technological change(s)" appears in the charge, it is to be understood that
the term includes consideration of rates of diffusion.
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(6)  identify and analyze the efficacy of existing and alternative public
policies to manage the probable employment-related effects of
current and future technological changes.

The panel shall also review the state of technological and economic
forecasting methodologies and report on their potential for contributing unique
insights into the employment-related consequences of technological change.

For those areas in which present knowledge is found to be insufficient to
support a conclusion, the panel shall propose an agenda for research and other
related activities."
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B

Consultants to and Briefers of the Panel

ROBERT U. AYRES, Professor, Department of Engineering and Public
Policy, Carnegie-Mellon University

LOUIS BLAIR, Consultant, Falls Church, Virginia
ROBERT M. COSTRELL, Associate Professor, Department of

Economics, University of Massachusetts, Amherst
PAUL F. GLASER, Vice President and Chairman, Corporate Technology

Committee, Citicorp
JEFFREY A. HART, Associate Professor, Department of Political

Science, Indiana University
H. ALLAN HUNT, Manager of Research, Upjohn Institute for

Employment Research
LOUIS JACOBSON, Senior Staff Research Economist, Upjohn Institute

for Employment Research
BARRY LEVY, Professor and Director, Occupational Health Program,

Department of Family and Community Medicine, University of Massachusetts
Medical Center

MICHAEL PODGURSKY, Associate Professor, Department of
Economics, University of Massachusetts, Amherst

LAWRENCE PULLEY, Associate Professor, School of Business
Administration, College of William and Mary

DUVVURU SRIRAM, Assistant Professor, Department of Civil
Engineering, Massachusetts Institute of Technology
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GERALD I. SUSMAN, Professor, College of Business Administration,
and Director, Center for the Management of Technological and Organizational
Change, Pennsylvania State University

DAVID E. WILLIAMS, Vice President, Cambridge Reports, Inc.
HILLIARD L. WILLIAMS, Director, Central Research Laboratories,

Monsanto Company
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C

Papers Commissioned by the Panel

C. Michael Aho, Council on Foreign Relations: A survey of the
problems for U.S. trade policy created by the increased importance of
technology in international trade, including an evaluation of policy responses.

Martin Neil Baily, The Brookings Institution: An analysis of the decline
in productivity during the past decade, including discussion of the role of
innovation, diffusion, and investment. Evidence is provided from specific
studies of the textile, electronics, chemical, financial services, automobile, and
apparel industries.

Martin Binkin, The Brookings Institution: A description and evaluation
of military efforts to assess the training and skill requirements of new
technology, including a review of specific military assessments of manpower
and skill requirements associated with the use and maintenance of computer-
based weapons systems.

David E. Bloom and McKinley L. Blackburn, Harvard University: A
review of the literature on the impact of technological change on the
distribution of income, including an evaluation of new evidence on the
distributions of income and earnings and on changes in those distributions over
the past two decades.

Joseph Cordes, George Washington University: A survey of the
empirical evidence on the impacts of tax policy on investment in the creation of
technological knowledge (through R&D), as well as the impact of tax
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policy on the adoption of new technologies (primarily through investment
incentives). The paper also incorporates a brief comparison of the treatment of
these issues in industrial competitor nations.

Robert M. Costrell, University of Massachusetts: Analysis of a
multisector model with supporting statistical evidence on the process of
technical change and the shift of employment from goods production to
services. The model incorporates the foreign sector and considers its
implications for wages as well as employment.

Donald Critchlow, University of Notre Dame: An analysis and critique
of the report of the 1966 National Commission on Technology, Automation,
and Economic Progress with particular reference to its impact on policy.

Steven Deutsch, University of Oregon: A survey of the literature
analyzing and evaluating public and private programs for retraining and job
placement for displaced workers in manufacturing. The paper incorporates
discussion of similar programs in Europe and Canada.

Kenneth Flamm, The Brookings Institution and The World Bank: An
analysis of the economics of robot use. The paper also examines the adoption
and utilization of robots based on recently collected U.S. and Japanese data.

Jeffrey Hart, Indiana University, and Jeanne Schaaf, Telenet
Corporation: A discussion of the U.S. employment impacts of current and
prospective growth in international trade in services, considering the role of
new technologies in supporting such trade.

Joseph Hight, U.S. Department of Labor: An analysis apportioning
sectoral changes in employment levels during 1972-1985 into demand effects,
productivity effects, and import effects.

Larry Hirschhorn, University of Pennsylvania: A summary of the
extensive literature on management and human resources problems associated
with the adoption of information technologies in the services sector, examining
the evidence on labor displacement and skill impacts and considering the effects
of information technologies on the organization of work and firms in the
services sector.

Jonathan Leonard, University of California, Berkeley, and National
Bureau of Economic Research: An analysis of microdata on job creation and
loss
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as well as the dynamics of employment and unemployment trends during
1978-1984.

Alan Jay Marcus, Center for Naval Analyses: A description of the
military's experience with providing training for technology-based occupations.
The paper includes a profile of those receiving such training and compares their
postservice employment experiences with those of graduates of comparable
civilian training.

Michael Morgan, University of Washington: Examination of the
challenges to the existing occupational safety and health regulatory apparatus
that are raised by microelectronics-based and information technologies in
manufacturing and services.

David C. Mowery, Carnegie-Mellon University: An assessment of the
scope and speed of diffusion of technological innovations.

Walter Oi, University of Rochester: A report on the impacts of
technological change on wages, hours, and conditions of work in retail and
wholesale trade.

Michael Podgursky, University of Massachusetts: A statistical analysis
of the wage, benefit, and employment experience of displaced workers.

Kenneth I. Spenner, Duke University: An analysis of the effect of
information technologies on the demand for skills and the implications for
training and education.

Kan Young and Carol Lawson, Department of Commerce: An input-
output model based on investigation of the effects of technological change on
employment at the industry level over the period 1977-1984.
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D

Statement of Anne O. Krueger

Advance notification of layoffs is undoubtedly beneficial to those workers
who will lose their jobs. If there were no negative side effects associated with
advance notification, it would clearly be beneficial to all.

There will be several side effects, however, if notification is mandatory.
First, the necessary enforcement apparatus would increase the cost of doing
business. Second, for all firms, but especially for risky ones, knowledge that
layoffs could not be made on short notice would increase incentives to use
capital and hire fewer workers. To the extent that fewer jobs would be created,
the proposed requirement would hurt the employment prospects of those the
proposal is designed to assist. That mandatory periods prior to layoffs can result
in smaller levels of employment has been well documented in a number of
developing countries. Third, requirements of advance notification reduce the
flexibility of firms already in difficulty. The requirement is, in effect, the same
as a tax for these firms.

I conclude that advance notification is desirable, and efforts to educate
employers of its value to employees should be encouraged. With respect to
mandatory notification, however, I believe that the evidence is far from
sufficient to warrant such a step.
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transistor development by, 25

Benetton Group of Italy
effects of changes in organizational

structure, 125
Biotechnology

definition, 49
development trends and employment

implications, 49
Blacks

differential technology impacts on,
113-117, 174

unemployment rates, 57, 115-116
Blue-collar workers

duration of unemployment, 58-59
occupations contributing displacements,

59-60
training differentials between white-

collar workers and, 139, 141, 152
unemployment trends, 56-57
wage losses on reemployment, 59

Buffalo Dislocated Worker Demonstra-
tion Program, 150

Bureau of Labor Statistics, U.S.
computer price index, 31
Current Population Survey, 57
educational attainment forecasts, 66
methodology for incorporating techno-

logical change in employment projec-
tions, 96

productivity growth rates, 74
projections of labor force participation

rates, 62-65, 96
survey of displaced workers, 57-59
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Bureau of the Census, U.S.
occupational categories in blue-collar

employment. 60
unemployment rates by worker group, 57

Business Roundtable. 157

C

California Employment Training Panel,
151-152

Canada. growth rates in unit labor costs,
productivity, and compensation, 83

Career mobility, effects of computer-
based technologies on, 127-128, 174

Caterpillar, Inc.. offshore production
losses, 81

Chemicals industry, rates of innovation in,
31

Clerical workers
black women, 115
displacement of, 89-90
employment forecasts for, 117-119
skill changes, 102-103

Committee on Science, Engineering, and
Public Policy (COSEPUP)

Panel on National Security Controls on
International Technology Transfer, 37

Panel on Secondary School Education
for the Changing Workplace, 121, 185

Communications services, sectoral
employment and output changes in,
75-76

Communications Workers of America, 131
Compensation

international comparison of, 82-84
see also Earnings; Wages

Competitiveness in foreign trade
effect of technological change on,

17-18, 21, 81-82, 85
importance to U.S. living standards, 68

Comprehensive Employment and Train-
ing Act of 1973, 146-147

Computer numerically controlled machine
tools

displacement of workers by, 48
use rates in U.S., 43-44

Computer-integrated manufacturing
development trends and employment

implications, 48
displacement of workers by, 48
organizational change required for, 28,

126
product redesign and, 27
product standards in, 46

reduction of U.S. offshore sourcing of
subassemblies, 81

Computers/computer-assisted technologies
adoption costs of, 45, 47
career mobility and, 128
commercialization of, 26
desktop data processing, minicomputers,

102
diffusion of. 43, 95
early market studies for, 25
innovation and productivity growth in, 74
product standards role in, 46-47
sales, 52
training, 99, 153
worker displacement by, 90, 95
workstation use growth rates, 44
see also Information technologies

Construction
output growth in, 75

Corporation for Open Systems, 46
Counseling, 6, 20, 155

D

Deere and Company, product redesign by,
27

Deskilling, 128;
see also Skill changes

Diffusion of innovations/technology
definition, 26-27
factors affecting, 27, 41-44
measures of, 31
obstacles to, 41-47
rates, 27, 29, 32, 41, 49

Digital information transmission, contribu-
tion to international technology
transfer rates, 39

Disadvantaged workers, factors affecting
employment, 57

Discrimination, racial, 116
Displaced workers

adjustment strategies for, 4, 6-12,
143-159;

see also Worker adjustment
adult education for, 153
assets, 59
assistance for, 8-9, 88, 131, 154-155,

170-171
characteristics, 144-146
definition, 57-58
educational attainment, 60
estimation of population of, 9, 57
evaluation of programs for, 149-151
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federal training and income support pro-
grams for, 146-149, 170

funding for programs for, 9
minorities, 115
private adjustment programs, 153-155
reemployment of, 61, 115
retraining, 6, 9, 131, 144-145, 147-149,

151, 155
skill levels, 6, 170
state programs for, 151-152
unemployment durations of, 6, 57-58,

144, 170
women, 119

Displacement of workers
causes of, 20, 57, 60-61
by computer-assisted manufacturing

technologies, 48, 125
duration of unemployment from, 58-61,

115, 119
extent of, 143
financial consequences, 59
geographic implications, 59, 115
in manufacturing, 106
by office automation, 89-90
by robotics, 48, 91-94
technology adoption rate and, 5
trade-related, 5, 61, 76, 79-80
unemployment share caused by, 57-58
U.S. trends in, 32, 57-61

Downriver Community Conference Eco-
nomic Adjustment Program, 150,155

DuPont Company, basic research invest-
ments, 35

E

Earnings
definition, 106
growth rates of, 52-54, 169
inequality in distribution of, 106,

108-111, 173
losses associated with reemployment

after displacement, 59, 144
technological change and distribution

of, 106-111
see also Compensation; Wages

Eckert, J. Presper, 25
Educational attainment

displacement and, 60
gender-based and racial differences in,

66-67, 117, 119, 143, 172
growth in, 143
income and, 67-68, 172
projections, 66-67

skills and, 100
U.S. labor force contrasted with other

nations, 68-70
U.S. trends in, 65-69

Electronics industry, offshore production
by, 81

Employment effects of technological
change

in biotechnology, 49
in computer-integrated manufacturing, 48
findings, 168-176
forecasting, 41, 92-98, 114, 117-119, 173
gradual nature of, 5
in information technologies, 47-48
in manufacturing, 51-52
in materials technologies, 48-49
influences on, 86-87
international trade-related, 17-18, 20-21,

52, 68, 76-79
levels and wages, 4-5
quality of data on, 164-166, 175-176
sectoral composition of jobs, 53, 74-77,

92-93
studies of, 86-99
see also Displacement of workers;

Unemployment
Employment growth, 53, 55, 76-77, 85,

90-91, 125
Employment opportunities

for blacks, 12, 113-117
in construction, 53, 55
for disadvantaged workers, 57
on financial services, 53
in insurance industry, 53, 102
for labor force entrants, 12, 119-121, 170
for women, 12, 117-119

Engineers
displacement by computer-aided manu-

facturing technologies, 48
projected supply of, 63

Export controls
on commercial spillovers from defense

R&D, 37-38
see also International trade

F

Farming, employment projections for, 95
Financial services

displacement of clerical workers in, 90
product innovation and productivity

growth, 73
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sectoral employment and output
changes in, 74-75, 77

Firm size
diffusion of technology and, 42, 46
use of robotics and, 44
see also Small companies

Foreign companies, worker displacement
from technological change in, 61

France
educational attainment in, 70
growth rates in unit labor costs, produc-

tivity, and compensation, 83
R&D investment, 35, 38
unemployment levels, 56

G

General Motors (GM), contrasts in produc-
tivity and product quality, 28-29

Government
output growth, 75
programs for adjustment of displaced

workers, 146-151
Great Britain, see United Kingdom

H

Hazards, workplace, 124-135, 175
Health insurance, coverage lost by dis-

placed workers, 59
High-technology industries, offshore pro-

duction by, 81, 158
Hispanics, unemployment rates, 57

I

Income support, 4, 147-149, 154-155
Income, household

distribution of, 106-109
family structural changes and, 108-109
measures of, 107
tax policy and, 109

Income, per capita
educational attainment and, 67-68
effects of technological change on, 1, 3,

16
Information technologies

development trends and employment
implications, 47-48

diffusion rates, 31-32, 44
displacement of clerical workers by,

89-90
effect on organizational structure of

U.S. firms, 125-126
innovation and productivity growth in, 74

job skill changes in, 115-116
product standards role in, 46-47
relationship to occupations with pro-

jected declines in employment, 96-97
see also Computers/computer-assisted

technologies
Innovation

costs, 26-27
definition, 25-26
development expenditures, 27, 35
diffusion of, see Diffusion of innovation
employment growth from, 90-91
firm size and, 42
geographic shifts in, 32
influences on, 26-27
introduction of, 100
measuring rates of, 30
process, 2, 24, 51, 89
product, 24-25, 51, 73, 90
rates, 32
see also Technological development

Insurance industry
displacement of clerical workers in, 90
sectoral employment and output

changes in, 74-75, 77
Insurance, unemployment, 145, 148-149
International Business Machines Corpora-

tion (IBM)
basic research investments, 35
desktop printer redesign, 27-28
product standards development by, 46

International trade
effects on employment, 2, 5, 17-18,

20-21, 52, 68, 76-79
importance to U.S. living standards, 68

Invention
definition, 25
influences on, 26
measuring rates of, 30
rates, 32

Italy
educational attainment in, 70
growth rates in unit labor costs, produc-

tivity, and compensation, 83

J

Japan
automotive industry, 28-29
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computer numerically controlled
machine use in, 44

educational attainment, 69-70
growth rates in unit labor costs, produc-

tivity, and compensation, 83-84
job-related skills training in, 138, 143
labor market structure, 141
organizational techniques affecting pro-

ductivity and quality, 28-29
R&D investment, 34, 38

Job creation rates, 56
Job search assistance, 4, 6, 8-9, 20, 144,

147, 151, 155
Job security, 129-131
Job Training Partnership Act of 1982,

Title III, 6, 8, 10, 146-147, 150-152,
155, 170

L

Labor costs
in U.S. and foreign manufacturing, 81-84
lowering of, 2-3, 21

Labor demand
determinants of, 19, 71
impacts of technological change on, 71
reductions, causes of, 55, 172-173
technologies enhancing, 48
trends in, 71-77

Labor force
civilian, definition, 62
educational attainment of, 65-69
gender and racial composition, 63-64
growth in, 61-62, 172
illegal immigrants in, 64-65
two-tiered, 106, 110, 123, 128, 174
unionized, 130-133, 135, 159

Labor force entrants
differential technology impacts on,

119-121, 174
educational attainment of, 65, 68-70
effects of labor supply and demand on, 61
employment opportunities, 12, 119-121,

170
occupational distribution of, 120-119
skill change adjustments by, 142
skill level requirements, 6, 11, 20,

120-121, 143
training of, 11, 143

Labor force participation rates, projec-
tions, 62-65

Labor supply
determinants of, 19
growth in, 54

influence on unemployment, 61-62
projections, 61-65
scientists and engineers, 63

Labor-management relations in implemen-
tation of innovation, 129-133

Layoffs
advance notice of, 4, 6, 10-11, 131, 155,

170
training prior to, 152
see also Displacement of workers

M

Managers/management
displacement by computer-aided manu-

facturing technologies, 48, 125
need for consultation between work

force and, 132-133, 174-175
Manpower Development and Training Act

of 1962, 146-147, 149-150
Manufacturing industries

case studies of skill changes in, 101-102
durables, worker displacement in, 59, 145
employment growth in, 53, 55, 76-77, 85
employment shifts to services sector,

109, 125
exports, 77-78
flexible systems, 29, 44
high-technology, 109-110
impact of robotics on, 91-92
inequalities in employee earnings distri-

bution in, 109-110
interactions among technological

change, productivity growth, output
growth, and employment in, 91

output growth, 75-77
productivity growth in, 72-74, 81-84
role of technological change in, 77
unit labor costs in, 81-84
wage declines in, 109

Materials technology, development trends
and employment implications, 48-49

Mauchly, John, 25
Microelectronics industry, hazards created

by technological change in, 134
Microelectronics-based, machine-

controlled technologies, displace-
ment of workers by, 48

Miniaturization, 26
Mining

interactions among technological
change, productivity growth, output
growth, and employment in, 91
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output growth, 75-76
Monitoring worker exposure to hazardous

substances, 135

N

National Alliance of Business, 158
National Association of Manufacturers,

157-158
National Center on Occupational Read-

justment, 158
National Commission on Technology,

Automation, and Economic Progress,
88, 146

National Research Council
Committee on Occupational Classifica-

tion and Analysis, 123
Committee on the Effective Implementa-

tion of Advanced Manufacturing
Technology, 28, 101, 127, 129

Panel on Engineering Labor Markets, 63
Panel on Technology and Women's

Employment, 31, 90, 92, 95, 117
Netherlands, educational attainment in,

68, 70
New United Motor Manufacturing, Inc.,

success of, 29
Newly industrializing countries, U.S.

sourcing of subassemblies in, 81

O

Occupations
classifications of', 100, 123
with projected declines in employment,

96-97, 114, 117-118
sources of skill improvement training

by, 140
Office automation

case studies of, 102-103
displacement of workers by, 89-90
product standards in, 46
skill changes resulting from, 89, 102-103
U.S. investment rates in, 44

Organizational change
interaction with technological change,

27-29
Organizational structure

impact of technological change on,
122-128

of U.S. firms, 123-126
Output

changes in sectoral composition, 74-77
growth in, 72-74

P

Patents, growth in number of, 31
Perkins Vocational Education Act of

1984, 146, 149
Philadelphia Area Labor-Management

Committee, 155
Plant shutdown, advance notice of, 4, 6,

10-11, 155-159
Policy recommendations

adoption of new technologies, 12-15,
186-188, 190-191

advance notice of plant closures and
layoffs, 10-11, 183-185

data collection and analysis, 13-14,
188-190

education for managers, 192-193
equal employment opportunity, 12, 117,

119, 186
health and safety implications of techno-

logical change, 15, 190
labor-management collaboration in tech-

nology adoption, 14, 190-192
training for labor force entrants, 11,

185-186
worker adjustment, 4, 7-12, 178-186

President's Commission on Industrial
Competitiveness, 158

Product quality
after notifying employees of plant shut-

down or layoffs, 157
organizational changes affecting, 28-29
productivity measures and, 30-31

Product redesign, organizational change
required for, 27-28

Product standards, role in information and
computer technologies, 46-47

Production workers, displacement by
computer-aided manufacturing tech-
nologies, 48

Productivity
after notifying employees of plant shut-

down or layoffs, 157
basic skill contribution to, 99
best practice and average, 93
declines, causes of, 54
difficulties in measuring, 73
growth in, 30-33, 54, 72-74, 81-84, 88
international comparisons of, 82-84
labor, 2, 30, 32, 52, 73, 88
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manufacturing, 73-74, 81-84
measures of technological change, 30-32
multifactor, 30, 32
nonmanufacturing vs. manufacturing,

73-74
organizational change and, 27-28
R&D investment relation to, 34
unemployment and, 72

Profitability
effect on diffusion of innovation, 42
organizational change and, 27
of R&D investment, 40

Q

Quality of employment
importance of technological change to, 88
organizational change and, 27

R

R&D investment
federal, 35-38
foreign, 34, 35, 38-40
industrial, 27, 33-35
as measure of inventive or innovative

activity, 30
productivity and, 34
profitability of, 40
relation to U.S. exports, 78-80
tax treatment of, 34

Real estate, sectoral employment and out-
put changes in, 74-75, 77

Reemployment, wage levels associated
with, 59, 61

Regulation
effect on diffusion of innovation, 27,

42-43
of hazards in workplace, 135-136, 175
of mandatory advance notice of plant

shutdowns and layoffs, 158
Research

basic, 34-35, 38
Robotics

displacement of workers by, 48, 91-95
reduction of workplace hazards with, 134
use in U.S. industry, 43-44, 95

S

Safety, workplace, opportunities created
with technological change, 134-135,
175

Science and technology policy recommen-
dations, 12-13, 186-188

Scientists, projected supply of, 63
Secretary of Labor's Task Force on Eco-

nomic Adjustment and Worker
Dislocation, 57-59, 158

Service industries
diffusion studies of, 43
employment growth, 53, 77, 125
output growth, 75
quality of data on employment and out-

put, 74
skill and wage levels in, 79, 106

Skill level changes
from adoption of computer-assisted

technologies, 45-46, 89, 127-128
effects on blacks, 114, 116
for entry-level jobs, 116, 127
findings on, 169
in manufacturing, 101-102
multiskilling, 127-128
organizational change and, 27, 127-128
projections of, 5-6
recommended adjustments for, 4
studies of, 99-103

Skills, basic
contribution to productivity, 99
for labor force entrants, 11, 20, 142-143,

170
minority access to education in, 117

Skills, job-related
definition and measurement, 100
educational attainment and, 100
increased training in, 127

Small companies
product standards effect on, 46
training provided by, 127, 139-140
use of robotics by, 44

Standard of living, importance of techno-
logical change to, 16, 88

Studies of technological change
aggregate analyses, 94-98, 100
and distribution of earnings and income,

106-111, 173
and employment impacts, 86-99
and impact on compensation of worker

sectoral changes, 105-106
individual firms, industries, or occupa-

tions, 89-94
input-output methodology, 94-98
interactions among technological

change, productivity change, output
growth, and employment, 91

and level of earnings, 103-106
in manufacturing, 101-102
office automation, 102-103
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and organizational structure, 122-123,
173

policy-oriented, 87-89
recommendations for, 12-13
and sectoral changes in employment,

92-94
skill requirements and, 99-103
weaknesses and difficulties in, 13, 86,

93-96, 98, 100, 123, 173
Sweden

automation investments, 44
educational attainment in, 70
job-related skills training in, 138
R&D public investment focus, 38

T

Taxes
effects of policy changes on household

income distribution, 109
R&D investment and, 34

Technological change
adjustments required for firms and indi-

viduals, 3-4
adoption strategies, 123, 129-133, 169
benefits of, 1-2, 16-17, 88-89
defining, 24-32
economic effects of, 16-19, 87-88, 169
effect on U.S exports, 78-80
employment effects of, see Employment

effects of technological change
jobs affected by, 19-20
labor-management relations and, 129-133
measuring, 29-32
organizational dimensions of, 27-29,

122-128
policy-oriented studies of, 87-89
quality of data on, 160-166, 175-176
rates, 12-15, 21, 31, 41, 171, 186-188,

190-191
skill requirements and, 99-103
sources, 32-40, 171
stages in, 25-26
studies, see Studies of Technological

change
unit labor costs and, 82-83
worker displacements related to, 61
worker health and safety and, 134-136

Technological Trends and Employment
(TEMPO) project, 92-93

Technology
civil versus military, 37-38
description of key technology ''clusters''

with employment implications, 47-50

diffusion of, 40-47;
see also Diffusion of innovation

Technology transfer, rates of, 2-3, 5, 32,
71, 126, 169

Telecommunications
contribution to international technology

transfer rates, 39
product innovation in, 74

Temporary National Economic Commit-
tee, studies of technological change
impacts, 87-88

Temporary worker industry, growth in, 125
Texas Department of Community Affairs

evaluation of displaced worker pro-
grams, 150

Texas Instruments, silicon junction transis-
tor, 26

Toyota production system, 28-29
Trade adjustment assistance for displaced

workers, 147-148
Trade, wholesale and retail

employment growth, 53, 77
output growth, 75

Training
adequacy of current system, 142-143
basic skills, 4, 143
costs, 46, 127, 133
differential between blue-collar and

white-collar workers, 139, 141, 152
of displaced workers, 9-10, 146-148
firm size and, 139
increased need for, 127-128
job-related, 138-143
for labor force entrants, 11, 143
on-the-job, 99
sources, 138-141
upgrades for employed workers, 149

Transistors, development of, 24-26, 46
Transportation industry

employment growth, 53
output growth, 75

Turnover rates in manufacturing employ-
ment, 129-130, 141

U

U.S. companies, organizational structure
of, 122-128

U.S. economy
labor supply and demand within, 51-85,

171-173
sectoral composition of jobs in, 53
sources and rates of technological

change in, 24-50, 171
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structural and performance changes in,
51-55

technological change and welfare of,
16-19

U.S. exports, effect of technological
change on, 78-80

Unemployment
age, race, and gender correlates of, 57,

60, 115-117
aggregate, 19, 55-57
benefits, displaced workers receiving, 59
causes of, 54
compensation, 8-9, 145, 148-149
displaced worker share in, 6, 57-58
duration, 56, 58-61, 115, 119, 156, 170,

172
geographic region and, 59
labor supply influence on, 61-62
skill level mismatches causing, 55-56
strategies for reducing, 54-55
structural, 19
trends in, 52, 55-61, 88-89
women's contribution to, 55
youth rates, 57, 121
see also Displacement of workers

Unemployment insurance, 148-149
Unions

bargaining over adoption strategies for
technological change, 130-133

contract provisions for displaced work-
ers, 130-131, 154-155

contract provisions for employer/
employee sharing of training costs,
141

decline in pattern bargaining, 131
requirements for notification of plant

shutdowns and layoffs, 159
role in structuring U.S. firms, 124

United Auto Workers-Ford program for
displaced workers, 9, 155

United Kingdom
educational attainment in, 69-70
growth rates in unit labor costs, produc-

tivity, and compensation, 83
public R&D funding, 35
sectoral studies of employment and

technological change in, 92-93
unemployment levels, 56

Utility industry
employment opportunity trends in, 53
output growth, 75

V

Video display terminals, 134

W

Wages
multiskilling and, 127
studies of, 53-54
see also Compensation: Earnings

West Germany
automation investments, 44
educational attainment in, 69-70
growth rates in unit labor costs, produc-

tivity, and compensation, 83-84
job-related skills training in, 138
R&D investment, 34, 38
unemployment rates, 56

White-collar workers
duration of unemployment, 59
wage losses on reemployment, 59

Women
distribution of earnings by, 108
effect on labor markets, 53, 55, 62
employment opportunities for, 117-119,

174
labor force participation effects on fam-

ily income, 108-109
Worker adjustment

through adult education, 153
through advance notice of plant shut-

downs and layoffs, 155-159
basic skills training for labor force

entrants, 143
costs of programs for, 9-10
current policies for, 137-159, 175
demonstration and experimental pro-

grams for, 8
effectiveness of programs, 166-167
employment services for, 8
federal loans for, 8
federal training and income support pro-

grams for, 146-151, 170
income support for, 8
through job-related training, 138-143
private programs for, 153-155
quality of data on, 166-167
recommended strategies for, 7-12
state programs, 151-152
unemployment compensation, 8-9,

148-149
see also Training

Y

Youth unemployment rates, 57, 121
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