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Abstract

Technology creates jobs, but it also eliminatas chem., These two
sutcomes raise two important questions: Does technology create more
jots than it destroys? Does technology create more higher-skilled
jobs than it destroys? Evidence suggests that future technologies may
provide different answers to those questions than past technologies.
In the past, tech:.ology primarily displaced unskilled, physical labor
in some sectors of the economy, while economic growth created more
than enough jobs to offset those displaced by technology. In the
future, however, technologies based on micro-electronics threaten to
displace skilled, mental labor in all sectors of the economy, while
continued iucreases in productivity may limit the ability of the
economy to generate enough new jobs to offset those displaced by

technology.
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There is, of course, not a scrap of evidence in either theory
ot history to suggest that technological development won't
increase employment and real incomes today just as it always
lias.

~Bruce Bartlett, Executive Director,

Joint Economic Committee of Congress (1984)

lor millions of Americans, job opportunities are being de-
stroyed by a fierce combination of forces, the most threaten—
ing of which is technology. The time has come to worry about
automation again. After 1990, when current technology has
gone through more than half its expected development, it will
take perhaps 73 percent of the work force to do 100 percent of
the wori. ‘

-Gail Garfield Schwartz and William Neikirk,

Tne Work Revolution (1983)

Technology is transforming work througl:xout the economy. Many
workers are now using computers, word processo'ﬁ;, and other electronic
products to perform their jobs faster and more efficiently. Other
workers are simply being replaced by machines. Automatic teller
machines are eliminating jobs for bank tellers. Robots are replacing
variety of workers on the agsembly lines of American factories. Direct
dialing equipment is greatly\-'reducing the number of telephone operators.
Zven airline pilots are not immune to replacement by machines: the new
generation of aircraft, the Boeing 757 and the 767, requires 2 instead
of 3 persons in the cockpit.

Some people view these developments with great alarm. -The loss of
jobs due to machines is taking place ia all sectors ‘¢f the economy and
appears to be accelerating. Even mbre alarming thén the present trends
are the ominous prospects ¢or the future. The development and
application of new machines, fueied by the greatly reduced price and
greatly increased capacily of micro-electronics, promises no end to the
replacement of men and women by machines. With recent unemployment
levels already at very high levels, millions of workers could remain
unemployed in the future.

It is not only the number of jobs being lost to machines that
generates concern, but also the kinds of jobs. Past technological
developments largely displaced physical labor on the farm, in the

factory, and in the home. But new technological developments,
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eipecially those bz ed on micro-electronics, are largely displacing
mental labor in .ll sectovs of the economy. As computers become cheaper
and more sophisticested, they will be capable of replacing workers in
more sophisticated ‘oba. Not only bank tellers and telophone operators
can be replaced by me ‘hines, but so can pilots and industrial designers.

Others see little reason to view these developments with any
concern. Technology has always displaced workers from jobs in certain
occuprtions and industries. But ¢-ployment in other areas of the
ecnuomy has always expanded to proviuz new jobs. The declin: in
agricultural employment during the firsl ualf of this century was
accompanied by increased manufacturing employmeat. The service sector
has more recently provided the bulk of new jo.s as manufacturing
employmeunt has leveled off. While machines will always eliminate some
jobs, economic growth will generate ercugh new jobs to absorb those
workers in other sectors of the economy.

The ears and concerns zbout job loss from technalogy are not new.
They began during the marly days of the indust.ial revolution in
England, as men began to be replaced by machines:

Perhaps most obvious of all was the unemployment of displaced
craft workers, only slowly absorbed by the expanding
factories. Such unemployment (at this pariod] was only
temporary, but was nevertheless serious to those displaced.
Machines, it seemed, were the cause ¢ © tha( unenployment.
They did work formerly requiring many aands. Small wonder
that the craftsmen at times iurned ngainst these machines
(Lilley 1965, p. 111).
Fears of job loss have contiiied ever since. The fears generally become
more widespread during periods of high unemploymewt. They arose during
the Great Depression. They arose again during the late 1950s and early:
1960s as more and more factories began to automate and the national
unemployment rate climbed to over 6 percent.
The concerns over tob loss fron tec:..logy during this last period
grew from the ranks of union officia’s as their members feared for their

jobs. Soon the concerns were voiced from government officials.

Preaident Kennedr stated at a pres. conference ‘in 1942:
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The major domestic challenge of the Sixties is to maintain

full employment at a time when automation is replacing men.

It is a fact that we have to find over a ten—year period

25,000 new jobs every week to take care of chose displaced by

machines and those who are coming into the labor market

(quoted in Dunlop 1962, p. 1).

Thege concerns prompted President Johnson to create the National
Commission on Technology, Automation, and Economic Progress in 1964, Lt
also generated a host of national conferences and widespread scholarly
inquiry into the issue of technological unemployment.

As these deliberations began, the national unemployment rate
dropped to under 5 percent. Not surprisingly, perhaps, most of the
research produced in this period reached the same conclusions as the
National Commission (1966):

Thus technological change (along with other forms of economic

change) is an important determinant of the precise places,

industries, and people affected by unemployment. But the
general level of demand for goods and services is by far the
most important factor determining how many are affected, how
long they stay unemployed, and how hard it is for new entrants

to the labor market to find jobs (p. 9).

The concern over technological job loss has now resurfaced,
triggered by the recent recession and the highest unemployment rate
since the 1930s. But again many people view the recent displacement as
only a temporary condition affecting workers in only certain sectors of
the economy,.'such as steel and automobile manufacturing. The most
common response to those displaced by machines is that the future should
be no different from past periods of displacement: economic growth will
eventually produce enough jobs-to replace those lost to machines.

Yet the past may be a poor guide to the future. First, new
technologies, based on sweeping developments in micro~electronics, are
likely to eliminate many more jobs in the future than past technologies
did. Past technologies largely eliminated unskilled jobs in

agriculture, construction, and some areas of manufacturing. New

‘technologies threaten jobs in the factory, on the farm, and in the

office. Much of this. displacement will take place in the service

sactor, where most new jobs have been created over the last few decades.
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Moreover, these technologies threaten to displace high-level, mental
jobs as well as low-level, physical ones.

Second, tlh; economic environment in which these changes are taking
place is nls/o/dl.fferenl. from times past. The U.S. no longer dominates
the world tﬂarketplnce. Many nations, including developing countries,
can now produce even sophisticated, technical products that compete with
those Pt oduced in the U.S. The United States is thus being challenged
in both the wo-ld market and the domestic market for goods. Foreign
producers hav- already captured a large share of the domestic market in
steel, automobiles, and consumer clectronics.

American firms, in order to remain competitive, are setting up
manufacturing facilities in other countries to take advantage of lower
labor costs. This movement has been facilitated by technological
developments in transportation and communication, as well as
manufacturing techniques that allow low-skilled, low-wage labor to
produce even the most sophisticated electronics devices. American
workers not only must fear for their jobs because of technology, but
also because of foreign workers paid by American companies.

This economic climate, together with the current fiscal problems of
large budget deficits and high interest rates, may undermine the
nation's ability to sustain enough economic growth to offset the loss of
jobs from technology and the movement of jobs overseas.

The remainder of this paper examines the issue of technology and
job loss in greater dgtail. First, it examines the problems in
assessing the impact of technology on job loss and job creation. Then
it examines the employment impaét: of technology in the recenft past.
Finally, it examines future employment effects and discusses why they

will differ markedly from those that have taken place in the past.

Assessing the Employment Impact of Technology

Technqlbgy both destroys jobs and creates new ones. Although it is
easy to identify particular cases where technology has had a positive or
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negative effect on employment, it is much more difficult to identify and
measure the overall outcome of these processes throughout the economy.

One difficulty is that technology affects cmployment both directly
and indirectly. Direct effects are generally casy to identify. The
introduction of automobiles, for example, created new jobs in the
automobileA industry and climinated jobs for blacksmiths and wagon
builders. In some cases the employment effects are due to a particular
technology; in other cases they may be due to a number of interrelated
or cumulative technical developments (Rosenberg 1982, Chapter 3).

Technology also affects employment indirectly. The increased use
of automobiles helped to create jobs in petroleum, rubber, steel, and a
number of other industries that provided goods used in tneir manufacture
and services used to maintain them. While such indirect effects may be
easy to identify, it is more difficult to assess the actuul number of
jobs created, especially since most are in other industries or sectors
of the =conomy.

It is even more difficult to assess the income and price effects of
technology. If technical improvements lower production costs, firms can
lower prices and increase sales, thereby creating more jobs. Firms can
also raise wages, which would increase consumer spending and sales of
other goods and services in the economy. But again it is easier to
identify this effect than to measure it. Many economists argue, for
example, that technology has greatly increased the level of material

well-being in contemporary economies (e.g., Rosenberg 1982) Economist

Edward Denison estimates that advances in knowledge, including

technology, together with other unexplained factors accounted for
one-third of the nation's economic growth between 1929 and 1976 (Denison
1979, Table 7-1). Yet no one has been able to single out the
contribution of technology alone.

Another difficultly is that other factors affect employment besides
technology. Employment shifts can occur because of secular changes in
consumer tastes or because of cyclical changes in consumer income.

Even more difficult than assessing the direct and indirect

e "“~ymeat effects of technology is assessing its net impact. Tt is
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very clear that technology destroys jobs. Aund it is equally ¢lear that
it creates jobs. What is unclear is whether technology destroys mo.o
joba than it createv. At this point, .ither the theoretical literature
nor the empirical literature is able to resolve *that important issue.
But the issue has attracted widespread research and debate.

As economist Robert Heilbroner points out in a review of the
historiaal debate, the question of the ~mployment impact of technology
began with Adam Smith more than 200 years ago (Hei lbroner 1962).
Technology, according to Smith, was the key to creating the "wealth of
nations." Through technical development and the division of labor,
goods could be produced for lower cost, thereby increasing sales and
ultimately employment. Other classical economists, David Ricardo and
John Stuart Mill, challenged Smith's view. Mill argued that technology
may increase production and wealth, but there is no guarantee that it
will increase employment (Heilbroner 1962, p. 11).

The debate has continued ever since. But as H:ilbroner points out,
few economists have devoted much theoretical attention to this issue.
Only recently has scholarly inquiry into the causes and consequences of
technological development been undertaken (e.g. Rosenberg 1982; Stoneman
1983). 7Yet the question of the employment consequences of technology
remains unanswered. Heilbroner (1962) argues:

What still lacks is a conception of the technological pro-
gress sufficiently broad to comprehend its long-range and its
short-range impacts, alive to its secular re-arrangements of
society as well as to its mixed creative and disruptive
effects on the economy. The objective may well exceed our
grasp. But it is certainly the direction of inquiry toward

which a review of the historical debate urges us (p. 22).

There have also been attempts to provide empirical evidence about
the net impact of technology. Some of the evidence simply consists of
historical data on long-run trends in employment, both within sectors of
the economy and in the economy as a whole. But as recent government
data illustrate, there is no systematic relationship between rising

productivity, which is at least partly attributable to technology, and

employment .in American industry. In some cases rising productivity is
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amusociated vith declining employment, while in others it is associated
vith rising employment (U.S. Burcau of Labor Statistics 1983, p. 47).

For the economy as a whole, total output has generally grown faster
than productivity, so total employmeat in the United States has
continued to rise. Between 1948 and 1981, for example, economic output
increased 3.3 percent per year, while productivity (output per hour)
increased 2.4 percent per year (U.S. Bureau of Labor Statistics 1983,
Table 4). Employment incrcased 42 million over this period (U.S.
Council of Economic Advisors 1984, Table B~29). But such evidence
simply demonatrates that sufficient economic growth can of fset any job
losses due to technology, not that technology alone necessarily
increases employment.

The inability to determine the net employment impact of technology
also makes it difficult to determine the effect of technology on
unemp loyment. Much of the concern associated with technology comes from
workers who fear for their jobs. The term "technological unemployment"
has been used to describe unemployment attributable to technology. Yet
technology may cause few workers to become unemployed even if it
eliminates many jobs. Technology may simply cause slower employment
growth or even no employmeat growth in an occupation over time. Much of
the actual displacement that does occur can be accomqodated through
turnover and retirement. On the other hand, workers who initially lose
their jobs because of slack demand may never be rehired because of
automation. Many unemployed autoworkers are now in this pOBlt).On.

While changes in employment or uremployment cannot be attributed to
technology solely, unemp loyment in the United States has nonetheless
increased over the last three decades. The U.S. unemployment rate
averaged 4.5 percent during the 1950s, 6.2 percent during the 1970s, and
over 8 percent during the first three years of the 1980s (Figure 1).
These figures suggest that the economy has not been able to generate
enough jobs for the U.S. labor force. Unemployment, whatever its
causes, remains a serious problem. ‘

Although no comprehensive data exist that measure ‘the overall

employment impact of technology throughout the economy, a variety of



available cvidence can illustrate where past displacement and job growth
related to technology has taken place in the econory and what areas of
the economy are likely to be affected in the future. A review of this
evidence suggests that displacement is likely to become more.widespread

in the future.

Recent Job Loss from Technology

Job Dlsplacement

Technology can dlsplace labor by reducing the number of people used

to produce a g).ven level of output or by reducing the skill levels of

‘the labor required. Both forms of displacement will reduce the labor

costs of production. Of course, not all technical innovations displace
iabor. Some innovations may save material costs or improve the
efficiency of capital. But many tend to displace labor, at least Ain the -
United States. A survey of process innovations introduced in the U.S.

between 1945 and 1974 identified 61 percent as labor saving {Davidson

1976, Table 2).

The following analysls focusee on the number and types of jobs
displaced by technology. " A subsequent papcr will examine the impact of
technology on the skill. levels of jobs. "

Technology can eliminate jobs in several ways. First, it can
reduce or eliminate the demand for particular goods or services due.to

the substitution of competing goods or services. Second, it can reduce

_employment within pai‘ticular; occupations or even an entire industry .

thrdugﬁ the introduction of mach‘ines and processes that reduce labor
requirements. And finally, it can facilitate the substitution of
foreign-produced goods for those produced domestically. ~Recent job
losses in a number of occubations can be attributed to each type of
d1sp1acement. ' .
Table 1 shows the occupations with the largest dec lines
employment between 1972 and 1980. Total employment in the economy
increased by 1i5 million over this period, raising employment in most

occupations. But emp loyment in 50 out of 235 occupations declined by

13
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more than 2 million jobs, with more than 1.5 million jobs lost in only
10 occupaticas.

Two of the occupations that suffered d-~lines in this period were
in private household service--cl.eaners * gervants and child-care
workers. More than 300,000 jobs in these two occupations were lost
between 1972 and 1980. At least some of this dec}iné can be attributed
to the availability of inexpensive home appliances that provide an
alternativec\r_o' the rising cost of household. labor. ‘ |

Declining employment in two other occupations can be attributed to.
two specific téchhologies. Jobs for telephone operatcss declined by
76,000 between 1972 and 1980 because of more direct distance dialing,
improved switching equipment, and increased use of Central Exchange
(CENTREX) telephone systems that do not require operators. Jobs for
stenographers declined by 61,000 during this period due to the increased
use of dictation equipment. , »

Technology, through the introduction of new machines and production
processes, tends to raise productivity of ﬁorkers,,allowing them to
produce more goods or services for the same amount of effort. Yet
increased sales of goods or services can actually expand employment even
as more capital and less labor is used to produce a given level of

output. But in some cases, economic output grows more slowly than

“productivity, thereby reducing employment. Agriculture best illustrates

this case. Economic output from the agricultural sector of the economy
has increased steadily throughout this centufy. Agricultural
employment, however, has continued to decline over the same period
because productivity in agriculture--due to the increased use of
machinery, improve.d farming techniques, and better strains of crops-—has'
grown at a faster rate. Just>between 1972 and 1980, employment for
farmers and farm laborers declined by almogt 400,000 workers. .

The last form of diéplacement is the most difficult to assess. At
least some of the increase in iﬁternational trade can be attributed to
technical developments in transportation and communication.
Containerized shipping, for éxample, has cut loading and unlcading time

20 times. The average capacity of ships has also grown, while the

'
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average crew size has fallen from 49 in 1960 to 32 in 1981, reducing
costs (Critchlow 1983, p. 229). Innovations in communications, such as
satellites, enable firms to keep closer ties with their international
operations. '

These developments have contnbuted to a growing worldwide market
for goods and services. And they have led to job displacement from both
foreign suppliers and foreign operations of U.S. firms.

Foreign suppliers have captured an increased share of the domestlc
market for a number of goods. Foreign cars now account for more than
one-quarter of all domestic car gsalee (U.S. Bureau of the Census 1982,
Table 1058). Imports of foreign-produced goods have also increased more
than exports of domestically-produced goods in steel, consumer
electronics, and clothing ‘(U.S. Bureau of the Census 1982, Tables 1490
and 1491). | | |

These shifts have reduced employment in a number of manufacturing
industries. Shifts in the balance of trade between imports and exports
had a negative impact on employment in 21 out of 52 manufacturing
industries between 1970 and 1980, although increasing domestic sales
offset these losses in many cases (Lawrence 1983, Table A-2). 1In
several industries, however, including leather products, footwear,
steel, and motor vehicles, emp loyment declines due to trade reduced

"total employment over thi's_ period. Increased sales of clothing by

foreign suppliers, together .wi't;.h improved textile machinery, has reduced
employment for textile W‘o’x\l'kers, for instance. Between 1972 and 1980,
almost one—quarter mirl'l_i'on jobs for textile workers were eliminated
(Table 1). '

Foreign operations by American firms can also eliminate domestic
jobs. 1In some cases this involves the production of goods for foreign
markets. Many U.S. companies now produce most of their goods for
foreign sale outside the U.S. At least some of this production could
take place in the U.S. Several studies conducted during the early 1970s
estimated that up to a m1111on domestic jobs were loet: due to investment
of U.S. firms overseas (Kujawa 1980, pp. 5-15). Since that time,

foreign investment by U.S. firms has grown substantially, increasing -

15
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from $75 biilion in 1970 to $221 billion in 1982 (U.S. Council or
Economic Advisors 1984, p. 337). So the 'oss of domestic jobs has no
doubt increased as well, although no recent estimates exist. In other
cases American firms produce goods in foreign countries for sale within
the United States. Bluestone and Harrison (1982, p. 44) estimate that
"twenty-nine percent of all U.S. imports in 1976 came from the output of
overseas plants and majority-owned subsidiaries of American
multinational corporations.™

The movement of production overseas not only arises because of the -
av_ailabilit:y of low-cost foreign labor and improved transportation and
communication, but also because~of improvements in production
techniques. Now foreign workers w1t:h little education and training can
produce even sophlstlcated, electronlc equipment because of new,
automated production techniques. These ‘developments have led a number
of American electronics firms to shift production ove * - 3. In Februafy
1983 Atari announced it was laying off 1700 worke ., in the Silicon
Valley of California and moving production to Hong Kong and Taiwan.
Since that time, several other electronics companies have laid off
Amer ican workers in order to move production overseas. These trends are
confirmed by a recent report from the U.S. International Trade
Commission, which reported that almost one-third of all com;uter imports
in 1980 were actually "re-Aimpofte" from American companies located
overseas (cited in Pacific Studies Center 1983, p. 2).

In some cases thé movement of production overseas is an "invigible"
form of displacement. American companies establish or expand foreign
plants instead of domestic facilities. In other ce:ses, euch as Atari, a

domestic plant is shut down and workers laid off in order to move

production overseas. The job losses in this case are very visible.

Job Creation
Technology has also -created jobs in recent years. Many of these

jobs are in computer-related occupatlone and industries. Between 1972

‘and 1980, the increased use of computers created 155 000 new jobs for

computer pr ogrammers, 127,000 new jobs for computer systems analysts,.

16
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326,000 new jobs for computer operators. The increased use of a variety
of new machines created 256,000 new jobs for health technologists and
technicians during this period (Leon 1983, Table 2). The increased
sales of computers and other electronic devices also created jobs in
industries producing those products. Between 1972 and 1930, employment
in office and computer manufacturing increased by 170,000 and employment
in electronic components increased by 200,000 (Riche, Hecker, and Burgan
1983, Table 1). Yet these jobs represent only a small fraction of the
15 million new jobs c%egted during this eight year period. Thus this
important technoiogy ha§ generated, at least directly, relatively few
new jobs in the économy in receat years.‘ |
Increased foreign trade and forelgn investment have also created
domestic jobs. Between 1970 and 1980 employment in s¢veral
manufacturing industrles-—-engmes and turbines, construction and miniug
machinery, and office and computing equipment-—increased substantially
because of increased foreign trade (Lawrence 1983, Table A-2).
Investment in the United States by foreign firms has also increased
during the last decade, creating domestic jobs that have helped to
offset.the loss of jobs from increased foreign investment by U.S. firms
(U.S. Council of Economic Advisors 1984, p. 337). Foreign investment by
U.S. firms also creates domestic jobs in the headquarters of these firms
and in firms that subpply intermediate goods to overseas éubsidi-aries of

U.S. firms (Kujawa 1980).

The Net Iuipact

Evidence shhbws that technolog}; has created as well as eliminated -
jobs in recent years. But what‘has been the net impact of these
changes? No comprehensive estimates exist to answer this question. But
several -studies have attempted to estimate the net impact. of foreign
trade and foreign investment.

After examining employment changes due to trade and domestic use. in
the manufacturing sector of the U.S.  economy, Lawrence concludes that.
shifts in the ‘balancc of trade for manufactured goods produced little

change in employment between 1970 and 1980. The changing balance of

S
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trade caused ewployment declines in some industries, and employment
increasec in others. Overall, however, trade had little influence on
employment growth relative to the change in domestic use (Lawrence
1983). |

Other studies have estimated the net impact of foreign investment.
These estimates vary widely depending oun the assumption of how much
domestic production could substitute for foreign production. If one
assumes that, in the absence of foreign production, U.S. firms would
lose sales to foreiyn competitors, then few domestic jobs are really
lost. In fact, there would b2 a net employment increase due to
corporate jobs that remain in the U.S. and due td.~employment generated
in industries that supply U.S. overseus affiliates. If one assumes that
domestlc workers could produce goods for foreign or domeet1c sales at
comp.et1t1ve prices, then foreign investment decreases domestic
. employment. ) .

Based on 1970 data, estimates range from a net increase of more
than 11,000 jobs in the rormer case, to a net decrease of almost 2
million jobs ‘(Frank and Freeman 1978, Table 4; Kujawa 1980, Table 1).
Because direct foreign investment by U.S. firms has increased by more
than $140 billion since 1970 (U.S. Council of Economic. Advisors 19841 P,
337), the ‘potential job loss from foreign investment is currently quite
sizeable. And although 1nveetment in ‘the U.S. by foreign companies has
also grown during this penod, helping to offset foreign investment by
U.S. firms and cre.ating'domeetic jobs, the difference between the two
has still increased during the last decade (U.S. Council of Economic
Advisors 1984, p. 337).

Types of Jobs

One concern about technology has to do with the number of jobs
dlsplaced. Another concern has to do with the kinds o. jobs eliminated.
Some believe that technology generally ellmmat:es ‘the most bormg and
mundane jobs in the economy, freeing individuals for more creative and
satisfying jobs. Others believe that technology ehmmatee many skilled

jobs as well. Evidence supports both contentions.

18
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Historically, technology has greatly reduced the need for unskilled
physical labor. The vast reduction in the labor requirements of
agriculture illustrates the lahor-saving impact of technology. Much of
the physical labor once required in agriculture is now performed by huge
machines, such as combines and tractors. Since the beginning of the
century, more than & million jobs for farm laborers and foreman have
been eliminated in the U.S. economy (U.S. Census 1975, p. 139).
Machines have greatly feduced the needs for laborers in other sectors of
the economy as well, Over the last 70 years, when economic output and
total employment have increased many times, jobs for farm and nonfarm
laborers have decreased from 30 percent of total employment to less than
6 percent (U.S. Census 1975, p. 139). '

But technology has not only eliminated unskilled jobs. It has also
displaced skilled, physical labor. Labor requirements in several
skilled and seml—skllled craft areas have been greatly reduced by the
vse of machines. Between 1960 and 1970, for example, jobs for
compositors and typesetters decreased by 29,000 due to -the increased use
of computer-aided, phototypesetting equipment. During the same period,
jobs for machinists declined by 125,000 due to the increased use of
numerically-controlled machine tools (Dicesare 1975, Table 2). While
technology continued to eliminate unskilled jobs over this period,
advances in computers and the increased capabilities of machines allowed
displacement of skilled, physical labor as well. ®

How. do the new jobs created in the economy compare to the ones
displaced by technology? Are they generally more skilled or 'less
skilled than the ones eliminated?

Un fortunately; therz is no easy way to make such a comparison. The
reason is that skill levels are difficult to define and to measure. It
is particularly dlff‘lcult to compare the physical skill requirements of
a craft job with the mental skill requirements of a professional: job
(Ruznbgfger 1983). One recent étudy, based on national data that attempt
to measure the training requireménté of all jobs in the economy,
sugges ts that the aggregate skill requirements of jobs in the U.S. have

changed very little over the last two decades (Rumberger 1981).
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Another way to compar-e the 'quality" of jobs is through the use of
related measures, such as education and earnings. These measures cia be
used to compare the quality of jobs that have erperienced the greatest
reductions in employment with those that have experienced the greatest
.increases in employment. Tzble 2 shows the top > jobs in each category

fbr the period from 1972 to 1980. The list reveals that the jobs are
quite comparsble: most have below-average earnings and few require any
education beyond high ‘school. In other words, the figures indicate that
the jobs bemg e11m1nated are generally low-skill and low-wage, hut that
they sre simply teing replaced by equally low-wage and low=sizill r.:l)sr

Other evidence suggests that industrial shifts in the ecconcny have
generated low-wage as well as high-wage jobs. Teble 3 shuws the average
"earnings of jobs within major industries in 1982, It also show: the
proportion of low-wage Jobs--those with annual eaxnlngs below
$10,000--and the proportion of high-wage jobs--those with annual -
earnings above $20,000--within each category. In mining, for exawple,
38 percent of the jobz had high annual earnings,hhi’ie only 12 percent
had low annual earnings. 1In contrast, 61 percent cf the jobs in
services paid low wayes, and only 14 percent paid high wages.

Comparing the earnings of jobs created between 1960 and 1980 with
those that exizted in 1960 shows that the two groups are quite‘similar.
Seventeen percent of the jobs in the first group fall into the high-wage
category, compared to 20 percent in the latter group; 48 percent of the
jobs in the first group fall into the low-wage categury compared to 46
percent in the second group. This analysis reveals that the new _'|0b8 .
being created in our eeonomy are quite 'smular to old jobs: there are
high~wage and 1ow-{vage jobs in»eaeh group and many jobs in the middle.

Other studies suggest that recent job creation has favored low-wage
jobs at the expense of middle-weg’e jdbs. An analysis similar to the one
above showed that 54 percent of a]i.hl new jobs created in the servica:
~sector between 1960 and 1975 (where most job growth t:ook place) had_"
earnings 20 percent or more below average, compared to 38 percent for®
all jobs in the economy (Stanback, Jr., 1983, p. 17). A -ecent BLS

study reveals that the average earnings of men in the low end of the '

Rl
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distribution grew more slowiy than the earnings of men at the high end
of the disctribution between 1958 and 1977 (Henle and Ryscavage 1980, p.
9).

This evidence suggests that the new jobs created in the economy
over the last two decades were no more skilled than the jobs eliminated
by technology. Technology has eliminated both skilled and unskilled ~
jobs. The new jobs created by technology and general economic growth
have also been skilled and unskilled. Overall,  the discribution of
skills or earnings of jobs in the economy have not changed markedly over

the last two or three decades.

Future Job Loss from Technology

Technology is likely to have a more severe impact on employment ‘in
the future than it did in the past. First, new technologies threaten to
displace many more jobs, both skilled and unskilled, in the future.
Second, it may be more difficult for the economy to generate enough new
jobs because of the coantinued substitution of capltal for labor.in
production and because of an increasingly competltlve world marketplace

for goods, services, and labor.

Job Displacement

Future job displacement is likely to be different from past job
displacement. because the technologies affecting displacement differ
greatly. Past technologles, fueled by the development of powerful
machines, primarily dlsplaced unskllled physical labor and, to a lesser
extent, skilled labor ‘in some craft areas. But future technologies,
fueled by the mlcro-electrom.cs revolutlon, will displace mental as well
as physical labor at both sk111ed and unskilled levels. Moreover, this
displacement will not be concentrated within particular jobs and
industries, as in the pnast, but will occur throughout the economy.

Recent and expected de.velopment“.s in the capacity, cost, and size of
micro-electronics have greatly increased the labor-displacing potential

of this technology. Advances in solid-state, micro-electronics
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technology have reduced the cost and increased the capacity of silicon
"chips" and the computern in which they are housed by many orders of
magnitude. By 1975 a $4 micro-processor that cou'd fit on a fingertip
had the computational power of an IBM computer that sold for $30,000 in
the early 1960s and whose processing unit occupied the space of an
office desk (Bylinsky 1980, p. 7). Today a $4,000 micro-computer the
size of a small suitcase has the capacity of a $250,000 mainframe
computer the size of a small room in 1970. Future developments are
likely to reduce the cost and increase the capacity of today's computers
several order of magnitudes further.

The small size, high capacity, and low cost of micro—-processors and
computers have prompted their widespread use and application in the home
and the workplace. Cars,.home appliances, and most other consumer
produ.cte are now equipped wit_fh micfo-procéeeors that can remember a host
of preset commands and respond to a variety of conditions. Computers
and other sophisticated, mic:reléctroniés devices are transforming work
throughout the economy. ‘

In some cases, the increased use of these machines allows workers
who use them to pérform the work of many other workers. It has been
estimated, for example, that a secretary with a word pr'ocessor can
perform the work of two secretaries with electric typewriters (Dowing
1980). In other cases, machines can simply replace workers in
particular occupations altogether. Robots, for example, can replace 2
to 3 workers on the assembly line (Howell 1984, p. 9).

Because the field of micro-electronics is changing so rapidly, it
is d1ff1cu1t to estimate t:he displacement impact of particular devices
based on thxs technology. New devices and applications are appearing
almost daily. But it is possible to 1dent1fy particular occupations and
classes of jobs that could face displacement from micro-electronics
devicés. A few of these technologies afd the occupatlons they affect
are illustrated in Table &. _ -

One well-publicized device is the industrial robot. Robots perhaps
best illustrate the d1ep1acement: capabilities of machines because they

emulate all the actions of workers: they sense changing physical
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conditiorns, they process this information along with a body of stored
knowledge, and they respond acnordingly; they can even learn from their
experiences. While robots in the U.S. currently number fewver than
3,000, their population could increase to over 100,000 by 1990,
eliminating jobs for painters, welders, assemblers, and other
operatives. Long-range estimates suggest that robots could replace up
to 3 million operatives over the next 20 years and could eliminate as
many as 8 million operative positions by the year 2025 (Ayres and Miller
1982, p. 42). '

Another labor-displacing development is the automatic teller
machine. These machines are now found in banks throughout the U.S.
Originally installed to supplement the work of branch banking offices,
many banks‘ are now replacing branch offices with newer, more power ful
versions of these machmes. Bank of America, one of the largest banks
in the United States, recently announced it was closmg 120 branch
offices and eliminating 5,000 jobs 1n Callfornla by consolidating its
branch offices and expanding the use of automatlc teller machines (San

Francisco Chronicle 1983, p. 37).

Labor dlsplacement is also occurring in the engineering field.
Drafters are being eliminated by CAD/CAM--computer-aided design and
computer—aided manufacturing--equipment. This computer—based device
allows engineers to design and redesign any type of large or small
product on a computer sScreen and‘t:hen have the system produce final
working drawings (Gunn 1982). One recent employment forecast predicts
that the occupation of drafter could be completely eliminateci by the
year 2000 (Leontiff and Duchin 1983, p. 4.19). :

These three technologies are likely‘to affect only a limited number
of workers in a few selected occupations, at least in the near future.
But other technologies, including some that are just beginning to be
introduced, could displace millions of workers in the future.

One such technology is office automation equipment--micro—computers
that perform a variety of .office functions, such as word proiessing,
financial analysis, and filing. A large fraction of the current work

force is employed in administrative support occupations--secretaries,
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bookkeepers, file clerks-—that per form these tasks. But these tasks can
now be performed on computers using sophisticated softwere packages,
greatly increasingly the work per formed by each office wonrker.
Equitable Life Insurance reduced its staff in one office firom 25 to 3

clerical workers by transferring files to computers (Indianapolis Star

1983, p. 26). As these systems become more power ful and easier to use
in the future, administrators, engineers, and managers will be able to
do this work themselves, with significantly fewer or even no
administrative support persoanel.

Two other technical developments--debit cards and teleshopping—-
although still in their infancy, threaten another class of jobs. Debit
cards, which look like credit cards, can be used to make direct cash
debits from a customer's bank account, eliminating the need for cashiers
to handle cash or approve checks ‘and credit cards. Supermarkets and gas
stations around the country are now beginning to nse these systems (San

Jose Mercury 1984, p.' Cl). Teleshopping, which allows customers to buy

goods using a computer, could eliminate jobs for sales workers as well
as cashiers.

A final develo;;ment--computer-aided diagnostic .equipment—-could

greatly reduce jobé for mechanics.’ As sales of automobiles, computers,

and other devices increases, there is an increased need for mechanics to
repair these sophistic'ated machines. But computer-aided diagnosing
equipment can now perform one of the two important tasks performed by
mechanics--diagnosing machine malfunctions. Senging devices and
computer programs that analyze the. data these devices generate allow
instantaneous diagnosis of a failed component or other problem. Many
computers and other electronic devices can now diagnose their own
malfunctions. Mechanics, technicians,. or even users themselves simply
have to replace a failed part or make a prescribed adjuet‘;;nent.

As computers become more powerful, ch.eaper,‘ ‘and smaller, new
applications will be developed. The more gsophisticated the machine, the
more sophisticated the mental functions it is able to perform and the
greater displacement effect. In the long run, technology will simply

continue to reduce the labor requirements of production:
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Computers and robots replace humans in the exercise of mental
functions in the same way as mechanical power replaced them in
the performance of physical tasks. As time goes on, more and
more complex mental functions will be performed by machines.
Not unlike large bulldozers assigned to earthmoving jobs that
could not possibly have been carried out even by the strongest
laborers or draft animals, powerful computers are now perform-
ing mental operations that could not poszibly be accomplished
by human minds. Any worker who now periorms his task by
following specific instructions can, in principle, be replaced
py a machine. That means that the role of humans as the most
important factor of production is bound to diminish-—-in the
same way that the role of horses in agricultural production
was first diminished and then eliminated by the introduction
of tractors (Leontief 1983, pp. 3-4).

Improvements in transportation; communications, and automated
production tethniques will continue to spur the development of a
worldwide marketplace for goods, services, and labor. In order to
remain in that market, U.S. producersg will have to become more
competitive with foreign suppliers. One way to cut costs and to remain
competitive is to move production facilities overseas where wages for

foreign laborers average about $1 an hour compared ‘to $9 an hour in the

United States (San Jose Mercucy 1983, p. 1). The continued use of

this alternative by firms such as Atari will further eliminate jobs in
the U.S. |

Another way to -produce competitively-priced precducts is to autc .ate
production in U.S. plants. In these so—cai.ledjlexible wanufacturing

systems, computer-controlled machine tools produce the parts, robots

‘handle the materials, and computers control the entire production

system, These systems allow small quantitﬂée of goods to be produced
inexpensively and permits rapid changé‘over to the production of other
products. While such factories may keep American manufacturing in the
U.S., they are unlikely to provide many new jobs: a showcase Japanese
plant employs only one-tenth the workforce of a conventional factory it
réeplaces; a new General Electric plant will produce one locomotive
frame a day entirely by machine when it formerly took.70 skilled machine
operators 16 days to produce (Blynsky 1983, pp. 57,60).

Th'e continued growth of the world marketplacé is likely to increase

job displacement, either because foreign suppliers will encroach on the

25



21

domestic market or because U.S. firms, in order to remain competitive,
will move production facilities overseas or automate production at home.

Each of these developments threatens domestic jobs.

Job Creation ‘

Technology will also create jous in the future. The con“inued use
0f computers and other new products will increase employment in firms
that manufacture them. And it will increase employment in occupations
where people operate and maintain these technical products. But recent
employment projections from the U.5. Bureau of Labor Statistics (BLS)
suggest that the number of new jobs generated in these areas will
actually be quite small. ,

According to the BLS figures, only 6 percent of the American
workforce was employed in electronics and other high-tech firms in 1982
and only 8 percent of the new jobs expected between 1982 and 1995 will
be in_these-industries. Jobs. in many computer-related occupations, such
as computer service technicians, programmers, and electrical engineefs,
are expect:ed to increase rapidly in the future. But this rapid growth
will actually produce fewer than 1l million new jobs, less than 6 percent
of all new jobs expected over this petiod. The majority of new jobs
will be in clerical and service occupatious (Rumberger and Levin 1984,
Tables 3 and 4).

So tech'no logy will create few new jobs in the economy during the
next decade, at least directly. The more important issue is whether
more jobs will be e liminated by technology than created by technology
and general economic growth. One recent forecast suggests that
increased technical innovations and their diffusion throughout the
economy will lead to a net redt.iction in aggregate employment. This
forecast projected future employment based on three possible scenarios
regarding the production and use of robots, word processors, and other
computer-based techno‘logiee. It was estimated that rapid diffusion of

these products throughout the economy could eliminate 20 million jobs by.
the year 2000, or 11 percent of all the jobs that would exist in the
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absence of further technological diffusion beyond 1982 (Leontief and
Duchin 1983, Table 1.1). '

Two recent studies estimated the net employment impact of one
particular technology--robotics. These s tudies examined only the
primary employment effects of robots the jobs created in the economy
where robots are produced and ueed as well as the jobs created from
purchases by robot producers, and the jobs eliminated .y the use of
robots., Both s tudies estimated a net reduction in the number of jobs:
for every job created, between 3 and 6 Jobe will be lost (Hunt and Hunt
1983, pp. x-xi; Howell 1984, p. 15).

This evidence suggests that technology, alone, is un11ke1y to
produce enough: jobs to replace those that are eliminated. Whether
-emp loyment will continue to grow in the future enough to offset the jobs
displaced by technology will depend on the general vitality of the
overall economy. If the economy can grow at a sufficient rate, it can
generate enough Jobe to offset those eliminated by technology.

Yet this may become harder in the future than it was in the paet.
As the costs of labor increase and the costs and ;capab111t1ee of capital
goods, ‘especially computers, decrease, more capitai'and less labor will
be used’ in the production of the ecomomy's. output. And the economy will
have‘ to grod by a larger amount to produce each new job. -

Recent figures for the manufacturing sector ‘illustrate this trend.
Economic output from this sector more than doubled in constant dollars
between 1960 and 1980, while employment increased by onl'}"VZO percent

(Table 5). Part of the increase in economic output can be attributed to

of increased capital investment, each worker produced $10,000 worth of
goods in 1960, whereas each worker produced more than $17 000 (in
constant dollars) worth of goods in 1980. 1In other words, manufactur1ng
firms tequ1red $8,000 in capital and had to sell $10,000 of goods to
create a new job in 1960, while in 1980 they requ1red $14,000 in capital
and had to sell $17 000 of goods to create a new Job In the future,
the costs of creatmg each new job and the amount of goods that must be

sold to support each worker will continue.to ‘increase. The same
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dilemma faces other sectors of the economy, where the amount of capital
and the value of goods produced per worker has also increased.

What about ‘the qvuality of the jobs created and destroyed in the
future? In the case of robotics, studies suggest that semi-skilled
production jobs—operatives, assemblers, welders, and painters—-will be
replaced with semi-skilled maintenance and clerical jobs--robot
technicians, secretaries, and clericals (Howell 1984, Tables 7 and 8).

For the economy as a whole', recent BLS projections suggest that
most future job growth will occur in the gervice sector, where there is
a high concentratlon of low-wage jobs (see Table 3). These figures also

reveal that the jobs with the greatest expected employment declines in

some cases are much better than the jobs with the greatest expected '

employment gaias. The top five occupations in each group for the period
from 1982 to 1995 are illustrated in Table 6. Some of the jobs with
large expected decreases, such as private household workers and farm
laborers, require little education and pay below-average wages. But
others, university faculty in particular, are very good jobs. In
contrast, the jobs with the greatest expected increases are clerical,
sales, and service occupations that pay below-average wages and
generally require no advanced schooling.

These figures suggest that the future economy will not simply
eliminate low—sk111 low-wage jobs and replace them with high-skill,
high-wage jobs. Rather both hlgh-sklll and low-skill jobs are likely to

be eliminated and created in the near future. In the long-run, however,

computer-b -based machlnes ‘are likely to displace higher-order mental

labor, especially in hlgh-wage jobs, while the continued growth of the

service sector is likely to favor low-skill rather than high~skill jobs.

Summary and Conclusions

Technology both destroys jobs - and creates them. It is easy to
1dent1fy particular cases where .technology has eliminated Jobs and other
cases where technology has created jobs. But other employment effects
of technology are less visible and therefore more difficult to assess.

For instance, technology has facilitated the deve lopment of the world
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marketplace for goods, services, and labor, contributing to a loss of
domestic jobs. Yet technology has also helped to raise productivity and
has thus contributed to the growth of the economy and employment.

Th. inability to assess the total employment impact of technology,
both positive and negative, makes it extremely difficult to provide
definitive answers to two fundamental questions about technology: Does
technology create more jobs than it destroys? Are the skill levels of
the jobs created generally higher than the skill levels of the jobs
destroyed? The evidence reviewed in this paper can only‘ supply
tentative answers to these questions. o \

Historical evidence shows that productivity increases have been
accompanied by increasing employment, which suggests that, in the past,
technology has created more jobs than it has destroyed. But such
evidence only shows that past economic growth has been able to produce
more jobs than technology has eliminated. Evidence also indicates that
past d1splacement: primarily affected unskilled physical labor in limited
areas of the economy, primarily agriculture,. construction, and mining.

Future job displacement, however, is likely to be more w1despread
than past displacement and will affect skilled, mental labor as well as
skilled and unskilled physical labor. Future displacement will be
fueled by the current revolution in micro-electronics that permits
computer-based machines to per form higher-order mental tasks. These
developments will threaten more and more jobs in the futufe anci will

displace workers throughout the economy.

‘Not-only willdis p’l‘ac'eme‘n't“"b‘e"c'bm“é“m‘dr'e“wi‘dé's‘ﬁr'e”a'd""“th'e“'e'con‘omy “will

have greater difficultly in generating enough new jobs to replace those
that are lost. The continued substltutlon of cap1t:a1 for labor in the
production of goods and services will require that the economy grow by a
greater amount to produce each new job in the future. And in order to
‘remain competitive in the growing world marketplace, U.s. firms will
either have to expand overseas production to take advantage of lower
cost labor or automate productlon at home. Either action is unlikely to

prov1de many new jobs.
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It is certain that technology will continue to displace labor in
the future. What remains uncertain is whether the economy will grow
sufficiently to provide enough new jobs to replace those that are lost
and to sustain acceptable levels of unemployment. The time may come
when society may have to find alternative means for sharing.'work and

distributing the wealth that it generates (Leontief 1982).

Q o . ' .30

Aruitoxt provided by Eic:



26

References

Ayres, Robert, and Steve Miller. 1982. "Industrial Robots on the
Line." Technology Review 85 (May/June): 35-46.

Bartlett, Bruce. 1984, "Revisiting the Luddites." Byte (January):
4-5. '

Bluestone, Barry, and Bennett Harrison. 1982. The Deindustrializétion
of America. New York: Basic Books.

Bylinsky, Gene. 1983. "The Race to the Automatic Factory," in
Fortune, 107 (Feb. 21): 52-64.

. 1980. "Here Comes the Second Computer Revolution." In The
Microelectronics Revolution, edited by Tom Forester, pp. 3-15.

Cambridge, Ma.: MIT Press.

Critchlow, Robert V. 1983. "Technology and Labor in Water
Transportation." A BLS Reader on Productivity, Bulletin 2171,
pp. 228-237. Washington, D.C.: U.S. Government Printing Office.

Davidson, William H. | 1976. "Patterns of Factor-Saving Innovation in
the Industrialized World." European Economic Review 8 (June):
207-217. , .

Denison, Edward F. '1979. Accounting for Slower Economic Growth.
Washington, D.C.: The Brookings Institution.

DiCesare, Constance Bough. 1975. "Changes in the Occupational
" Structure of U.S. Jobs." Monthly Labor Review 98 (March): 24-34.

Dowing, Hazel. 1980. . "Word Processors and the Oppression of Women.'"
o Tn- The Microelectronics—Revolution,—edited-by Tom _Forestery—pp+
275-287. Cambridge, Ma.: MIT Press.

Dunlop, John T., ed. .1962. .Automatio.n and Technological Change.
Englewood Cliffs, N.J.: Prentice-Hall. :

Frank, Robert H., and Richard T. Freeman. 1978. Distributional
Consequences of Direct Foreign Investment. New York: Academic
Press.

Gunn, Thomas G. 1982. "The Mechanization of Design and Manufacturing."
Scientific American 247 (September): 115-130.

Heilbroner, Robert L. 1962. "The Impact of Technoldgy:' The Historical
Debate." In Automation and Technological Change, edited by John
T. Dunlop, pp- 7-25. Englewood Cliffs, N.J.: “rentice-Hall.

31



27

Henle, Peter, and Paul Ryscavage. 1980. "The Distribution of Earned
- Income Among Men and Women, 1958-77." 'Monthly Labor Review 103
(April): 3-10. \

Howell, David R. 1984. "The Impact of Robots on Employmenc: An
Input-Output Analysis." unpublished ms. New York: Institute for
Economic Analysis, New York University.

Yunt, H. Allan, and Timothy L. Hunt. 1983. Human Resource
Implications of Robotics. Kalamazoo, MI: W. E. Upjohn Institute
for Employment Research. ' :

Indianapolis Star. 1983. "Indiana's Economic Revolution." August
21-September 5. ’

Kujawa, D. 1980. "Employment Effects of Multinati%nal Enterprises: The
Case of the United States." Mulcinational Enterprises Programme
Working Paper No. 12. Geneva: International Labour Office.

Lawrence, Robert Z. 1983. "Is Trade Deindustrializing America? A
Medium-Term Perspective." Brookings Papers on Economic Activity
l: 129-171.

Leon, Carol Boyd. 1982. "Occupational Winners and Losers: Who They
- Were during 1972-80." Monthly Labor Review 105 (June): 18-28.

Leontief, Wassily. 1983. "National Perspective: The Definition of
Problems and Opportunities." 1In The Lm—Term" Impact of
-"Technology on Employment and Unemployment, A National Academy of
Engineering Symposium, June 30, 1983, pp. 3-7. Washington, D.C.:
National Academy Press. ’ '

. 1982. "The Distribut'ion of Work and Income." Scientific
American 247 (September): 188-204.

Leontief, Wassily, and Faye Duchin. 1983. "The Impacts of Automation
on Employment, 1963-2000." Unpublished ms. New York: Institute for
Economic Analysis (New York University).

Lilley, Samuel. 1965. Men, Machines and Hiétorz. ‘New York:
International Publishers. V

National Commis'sion on Technology, Automation, and Economic Progrées.
1966. Technology and the American Economy. Volume l. Washington,
D.C.: U.S. Government Printing Office. .

Pacific Studies Center. 1983. Global Electronics Information
Newsletter no. 35 (September). ‘




28

Riche, Richard W., Daniel E. Hecker, and John U. Burgan. 1983. "High
Technology Today and Tomorrow: A Small Slice of the Employment
Pie." Monthly Labor Review 106 (November): 50-58.

 Rosenberg, Nathan. 1982. 1Inside the Black Box: Technology and
Economics. New York: Cambridge University Press.

Rumberger, Russell W. 1983. "A Conceputal Framework for Analyzing Work
Skills." 1IFG Project Report No. 83-AS8. Stanford, Ca.: Institute
for Research on Educational Finance and Governance, Stanford
University. -

. 1981. "The Changing Skill Requirements of Jobs in the U.S.
Economy." Industrial and Labor Relations Review 34 (July):

578-590.

Ruaberger, Russell W., and Henry M. Levin. 1984. "Forecasting the
Impact of New Technologies on the Future Job Market.'" IFG Project
Report No. 84-Ab4. Stanford, Ca.: Institute for Research on
Educationa! Finsuce and Governance, Stanford University.

San Francisco Chronicle. 1983. "B of A Closing 120 Branches."
(December 8), p. 37. -

San Jose News. 1984, "Banks, Merchants Push New Type of Plastic.”
(March 12), p. 1-C.

. 1983. February 28, p.l.

el
Schwartz, Gail Garfield, and William Neikirk. 1983. The Work
Revolution. New York: Rawson Associates.

Stanback, Thomas M. 1983. "Work Force Trends." In The Long-Term
Impact of Technology on Employment and Unemployment, A National
Academy of Engineering Symposium, June 30, 1983, pp.13-20.
Washington, D.C.: National Academy Press. '

Stoneman, Paul. 1983, The Economic Analysis of Technological Change.
oxford: Oxford University Press.

U.S. Bureau of ‘the Census. 1982, Statistical Abstract of the United
States: 1982-83, 103d Edition. Washington, D.C.: U.S.
Government Printing Office. :

. 1975. Historical Statistics of the United States, Colonial
Times tec 1970, Bicentenial Edition, Part 1. Washington, D.C.:
U.S. Government Printing Office.

U.S. Bureau of Labor Statistics. 1983. Trends in Multifactor
Productivity, 1948-81. Bulletin 2178. Washington, D.C.: - U.S.
‘Government Printing O:ifice. T

U.S. Council of Economic Advisors. 1984.. Economic’ Report of the
President., Washington, D.C.: Government Printing Office.




Figure 1

Unemployment Rates for All Workers: 1950 - 1982
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Source: U.S. Congressional Budget Office, The Outlook for Economic Recovery,
Washington, D.C.: U.S. Government Printing Office, 1983, Figure 25.
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Table 1

Employment in Declining Occupations: 1972-1980

(thousands of workers)

Employment Employment Change
1972 1980 1972-80
Delivery and route workers 892 584 -308
Cleaners and servants 713 491 -222
Farm owmners and tenants 1,658 1,447 -211
Farm laborers . 455 284 -171
Garage workers 502 337 -165
Sewers and stichers 936 788 -148
Child-care workers (private households) 543 431 -112
Textile operatives 424 323 -101
Telephone operators 392 316 - 76
Stenographers , 125 64 - 61 ‘ .
Source: Carol Boyd Leon, "Occupational Winners and Losers: Who They Were During

1972-80," Monthly Labor'Review 105 (June 1982), Table 3.

.
<l
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Table 2
Employment, Education, and Relative Earnings
for the Greateat Diclining and Growing Occupations: 1972-1980

Employmént Relative Moda,l
1972 1980 1972-80  Earnings® Education
(thousands of workers) (percent) (years)
Declining occupations
Delivery and route workers 892 584 -308 104 12
Cleaners and servants . 713 491 -222 28 <12
Farm owners and tenants 1,685 1,447 -211 119 12
Farm laborers 455 284 -171 53 <12
Garage workers 502 337 -165 60 <12
Total 4,220 3,143 -1,077 76 --
Growing occupations
Secretaries 2,949 3,876 927 67 12
Cashiers 988 1,554 566 49 12
Registered nurses 7801 1,302 501 90 13-15
Cooks 866 1,331 465 48 <12
Truck drivers 1,441 1,844 403 117 : 12
Total 7,045 9,907 L 2,862 71 -

8rhe average weekly earnings during 1979 of workers in each occupation relative
go the average weekiy earnings of all workers. :

The level of education completed by the majority of workers employed in each
occupation in the spring of 1980. : ' :

Sources: Employment data from .Carol Boyd Leon, "Occupational Winners and Losers:
Who They Were During 1972-80," Monthly Labor Review 105 (June 1982), Tables 1
and 3; Education and earnings data calculated from the 1980 Public Use Sample,
U.S. Bureau oi *he Census. ’ B
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Table 3
Employment and Earnings by Major Industry Group: 1960-1980

Employmenta Earningsb
Less Greater
than $10,000~ than
1980 1960 1960-80 Mean $10,000 20,000 $20,000
(thousands of workers) (%) (percent distribution)
Agriculture 2,827 4,685 -1,858 11,813, 64 17 - 19
Mining 1,034 602 . 432 18,186 12 50 38
Construction 5,189 4,016 1,173 15,350 35 40 25
Manufacturing 21,626 18,539 3,087 14,677 36 .39 25
Trans., Comm., Util. 5,631 4,484 1,147 16,520 24 41 35
Trade 19,410 12,181 7,229 10,634 59 27 14
Fin., Ins., R.E. 5,664 2,945 2,719 14,088 49 32 19
Services 18,923 11,043 7,880 11,149 61 25 14
Government 16,730 8,433 8,297 12,377 41 43 16
Total® . :
1980 97,034 12,919 47 34 19
1960 66,928 13,023 46 34 20
1960-80 33,106 12,651 48 35 17

31980 employment disaggregated into 1960 employment levels and employment growth from 1960 to
980.

Total annual earnings.

®Mean earnings and distribution among earnings classes for each employment category.

Sources: Calculated from the 1960 and 1980 Public Use Samples, U.S. Bureau of the Census.

37




Table &4

Potential Displacement from New Technologies

k

Techno logy Occupation Current
Affacted Employme'..tn
(thousands)

Robots Walders 651
Painters 130
Assemblers 1,452
Other operatives i 1,863
Packers 497
Laborers 1,000
Automatic teller machines Bank tellers e 516
y
CAD/CAM Drafters / 335
Debit cards Cashiers 1,667
Teleshopping ; Sales clerks » 2,802
Computer diagnostic equipment Mechanics repairers 3,578
Office automation Secretaries, stenographers, typists 4,508
Bookkeepers . 1,777

8calculated from 1980 Public Use Sample, U.5. Bureau of the Census.
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Table 5
Economic Output, Capital Stock, and Employment
in Manufacturing and the Total Economy: 1960, 1970, 1980

1960 1970 1980
Manufacturing
Output (Billions of 1972 %) 171.8 261.2 351.2
Capital Stock (Billions of 1972 $)? 140.4 202.2 293.6
Employment (Millions of workers) 16.8 19.4 20.3
Output/Worker (1972 $) 10,226 13,464 17,300
Ccapital/Worker (1972 $) : 8,357 10,423 14,463
Total Economy f
output (Billions of 1972 §)¢ | 732.0 1,077.6 1,449.3
Capital Stock (Billions of 1972 §)° 543.2 860.1 1,226.3
Employment (Millions of worke#s) 65.8 78.7 99.3
Output/Workers (1972 §$) 11,125 13,693 14,595
Capital/Worker (1972 §) 8,255 10,929 12,349

1

3pxcludes residential capital abd government enterprises.
cWage and salary workers only,ibased on payroll data.
dGross domestic product i

All workers, based on population data.

Sources: U.S. Council of/ Economic Advisors, Economic Report of the President
(Washington, D.C.: U.S. Government Printing Office, 1984), Tables B-11, 29, 37; U.S.
Bureau of the Census, Statistical Abstract of the United States, 1982-83, 103d
Edition (Washingtom, D.C.: U.S. Government Printing Office, 1982), Table 903.
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Table 6
Employment, Education, and Relative Earnings
in the Greatest Daclining and Growing Occupations: 1982-1995

Emp loyment Reiative Modal
1982 1995 1982-93 Earnings® Education
(thousanda of workers) (percent) (years)
Declining occupationa
Farm laborers 1,211 1,019 192 53 <12
Private household workers 1,023 850 173 30 <12
College and university faculty 144 632 112 136 17+
Farm owners and tenants 1,407 1,304 103 119 12
Postal service clerks . 307 252 55 122 12
Total 4,692 4,057 635 78 -
Growing occupations
Building custodians 2,828 3,606 778 69 <12
Cashiers 1,570 2,314 144 49 - 12
Secretaries 2,441 3,161 720 67 12
General clerks, office 2,348 3,044 696 67 12
Sales clerks 2,916 3,601 685 52 12
Total 12,103 15,726 3,623 61 -

8rhe average weekly earnings during 1979 of workers in each occupation relative to
ghe average weekly earnings of all workers. ‘

The level of education completed by che majority of workers employed in each
occupation in the spring of 1980.

"

Sources: Employment data from George T. Silvestri, John M. Lukasiewicz, and Marcus F.~

Einstein, "Occupational Employment Projections Througi 1995," Monthly Labor Review
106 (November 1983), Table l; Earnings and education data calculated from the 1980

Public Use sample, U.S. Bureau of the Census.




