Empoyment shits  in high-
technologyindustries,1988-96

From 1988 to 1996, employment in high-technology
industries shifted more toward services

indeed, since 1988, growth in high-tech services
accounted for all of the net increase in employment
in the research-and-development-intensive sector

and important source of strategically trans- employment in theap-intensive sector since 1988
DonaldLyons formative products and processes in the and grew more rapidly than did employment in
U.S. economy. Changes in employment patternsthe services division as a whole.

in these industries thus command the interest of . o
* There are reliable indications that the demand

researcherspolicymakers, and the general pub- for high-techr&D workers—that is, those actu-
lic. This article uses data from thes Current Em- ally engaged imep in any given hi’gh—technol—

ployment Statisticsofs) program from Ja”“"’?ry. ogy industry—is also shifting toward occupa-
1988 through January 1996 to survey the shifting tions that are more involved with the production

levels and composmoq of employment in research- of services than the production of goods.
and-developmenkg&Db)-intensive high-technology

industries. The data reveal three noteworthy devel- |n what follows, we consider these shifts in more
opments: detail and interpret their causes and consequences
in light of recent observations about the evolving

* Employment inrep-intensive industries in- haracter of manufacturing and service industries
creased slowly over the period studied, coﬁ— 9

tributing very little to the overall growth of to- oth inside and outside of the high-tech sector.
tal nonfarm employment. The result was that,

at the beginning of 1996, employment irfhreequestionsabouthightech
R&D-intensive high-technology industries wa
an appreciably smaller share of total nonfar

wem Lie X, I Iigh-technology industries are the most services accounted for all of the net increase in

%hy are high-tech industries so important? At least

Wem e, X, B
Bhe source of the general public’s interest has been

a senior  associate,

;emem”WiSCO”' employment than at the beginning of 1988. a fascination with the explosion of new products
mﬂwsmsg” o * The industrial composition of employment iind processes made in the United States and other
Wisconsin,Madison, R&D-intensive high-technology industries igddvanced industrial countries since the end of
g;mmj?;‘t?nss shifting dramatically toward services industried)orld War II. But innovative technologies—from
pofessor,  Depart as employment imé&p-intensive, defense-de-the railroad and the telegraph to the airplane—have
mentofGeogra- y pendent manufacturing industries declines, aﬁ_dmpst alwayg creat_ed as_ensation: Insteqd, the con-
mglxagsty employment in civilian high-tech manufacturindinuing attention paid to high-tech industries in re-
Denton, T remains essentially static. In fargD-intensive Cent years seems to be rooted in the widespread
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belief that the innovations they produce can profoundly alfgfioblems. Empirical work based on microlevel employment
an economy’s mix of firms, industries, and jébs. data shows a tremendous heterogeneity in the performance of
But what is often overlooked in studies of the high-technolofiyms and of establishments within firms: many plants shut
sector is that the sector itself is not insulated from the tragewn even in expanding industries, while the reverse may be
formative effects of the innovations it unleashes upon ottige in declining industries And the range of technical inno-
industries. Because changing employment patterns often pt@tion embodied in plants is extremely wide&-intensive
vide the best indicator of the character of transformatiotislustries. With regard to our question about the demand for
within any industry, we ask three questions about recent gigh-tech workers, this heterogeneity occurs in awkward (and
ployment patterns inside U.S. high-tech industries: (I) Hosemetimes intractable) combinations. At one end of the spec-
many new jobs has the high-technology sector producedrinm, three-digit schemes tendetecludethe development of
recent years? (2) What is the industrial composition of the¥w products or processes by skilled workers at an individual
new jobs? and (3) What is happening to the occupational ratablishment (for example, an experimental plant or a re-
of employment in high-tech industries, particularly the déearch laboratory) in an industry whose score on the aggre-
mand for employees whosab activities actually lend tech- gate indicator used does not qualify it for high-tech status.

nological intensity to these industries? Alternatively, such schemes mimgludeindustries in which
most output is standardized and produced in large volume by
Defning  highiechnology industries relatively unskilled, low-wage workefd hese industries may

have a proportion of scientific or engineering workers high

Before we examine recent data on employment in high-testough to make thenk&D moderate” or eveR&D intensive,
industries, we must first define the term. As one analyst Hasg the bulk of this talent may be used to incrementally alter
said, “Everyone knows what [high tech] is, but no two listhie characteristics of established products in slowly growing,
are alike.? In the early 1980s, for exampkes analysts iden- advertising-intensive markets.
tified 48 manufacturing and service industries in which the One or the other of these two problems occurs in a num-
percentages of “technology-oriented workers” (engineers, Iifer of industries, including cigarettesq211); soap, clean-
and physical scientists, mathematical specialists, engineer@mng, and toilet goodsi€ 284), paints and allied productsq
and science technicians, and computer specialists) were at [285), and, arguably, many of the chemical industries on
1.5 times the average for all industriésmore recent effort Hadlock, Hecker, and Gannor&D-intensive list. Such prob-
by BLs researchers refines that earlier work and that of othégms also are present even in the apparently uncontroversial
who used occupational criteria to define high-tech industrieslassification of the computer and office equipment industry
In this study, Paul Hadlock, Daniel Hecker, and Joseph Ganrtfeir 357) as high tech: along with producers of office equip-
usedsLs Occupational Employment Statistics surveys froment, not elsewhere classifienly(3572)—who make, among
1987 to 1989 in which employers were asked explicitly tther items, staple removers and paper punches—many
designate workers who were actually engagerkim activ- low-cost manufacturers of electronic computers3571) now
ity, together with their occupations. From these data, they ideise mass-produced components assembled in highly routine
tified 30 “R&D-intensive” industries, in which the number ofettings with minimal engineering and scientific input. Out-
R&D workers was “at least 50 percent higher than the averaige of semiconductors and related devices 3674), the
proportion for all industries surveyeél.” same is true in several of the four-digit industries classified

We begin our analysis with the industries on Hadlockinder electronic components and accessosie$67). And
Hecker, and GannonfD-intensive high-tech list. (See ex-even within the semiconductor industry, high-volume chip
hibit 1.) These industries had the highest percentages of emnufacturing can involve high capital-to-labor ratios and rela-
ployer-identifiedr&D workers in the 1987-89 Occupationatively low scientific labor requirements.
Employment Statistics surveys and are some of the most likelyNevertheless, because the effects of technological change
sources of strategic technical innovation in the U.S. econorogin be seen in almost every industry, these uncertainties are
Therefore, we refer to two distinct sets of employees in theeevitable inany high-tech study, no matter how precise the
industries. We use the term “employment in” a given high-tectassifying metric. In our investigation of the demand for
industry to mean all employment, irrespective of occupatiortagh-tech workers, we confront such uncertainties by exam-
category, in that industry with a high proportiorreb work-  ining changes in “production and nonsupervisory employ-
ers. By contrast, “high-tech employment” or “high-tech workmnent” at the four-digit level of the three-digit industries on
ers” refers to those actually engageeam. Hadlock, Hecker, and Gannon’s list. This broad occupational

This distinction is important because a high-tech classifiategory consists of working supervisors and all nonsupervisory
cation scheme like that of Hadlock, Hecker, and Gannonwerkers, including nonsupervisory professional specialists and
that is, one that uses an aggregate indicator to identigrkers engaged in “product developmeftGranted that it
three-digit industries—invariably generates identificatiols a blunt instrument for measuring high-tech occupational
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Researchanddevepmend i)
<
code rdsty
131 Crude petroleum and natural gas operatio
211 Cigarettes
281 Industrial inorganic chemicals
282 Plastics materials and synthetics
283 Drugs
284 Soap, cleaners, and toilet goods
285 Paints and allied products
286 Industrial organic chemicals
287 Agricultural chemicals
289 Miscellaneous chemical products
291 Petroleum refining
335 Nonferrous rolling and drawing
355 Special-industry machinery
357 Computer and office equipment
362 Electrical industrial apparatus
366 Communications equipment
367 Electronic components and accessories
371 Motor vehicles and equipment
372 Aircraft and parts
376 Guided missiles and space vehicles and g
381 Search and navigation equipment
382 Measuring and controlling devices
384 Medical instruments and supplies
386 Photographic equipment and supplies
737 Computer and data-processing services
871 Engineering and architectural services
873 Research and testing services
874 Management and public relations services
Note:  sic’s 299 (miscellaneous petroleum and coal products)
and 899 (services, not elsewhere classified) are omitted because
publishable data are not available.
Source: Paul Hadlock, Daniel Hecker, and Joseph Gannon,
“High technology employment: another view,” Monthly Labor Re-
view, July 1991, pp. 26-30.

change, but clearly, the bulk of any given industrgs work-
ers does exist in that occupational category. By examinitogotal nonfarm employment growth, then, was a relatively small
such workers in the context of recent research on the effeét& percent. The immediate cause of these industries’ lagging
of technologywithin high-tech industries, we can construct performance as a job producer was obviseD-intensive
plausible scenario about where the demand for high-tech warlandacturing, encompassing 23 of the 28 three-digit indus-
ers may have been heading in recent years.
These caveats aside, it is important to point out the distipercent of the 5.8 million workers employed in the sector as
analytical advantages of Hadlock, Hecker, and Gannon’s li§tJanuary 1988. Ninety-one percent of this job loss, amount-
of R&D-intensive industries with respect to our questions abang to 547,000 employees, occurred in durable goods manu-
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the growth of high-tech employment and the industrial com-
position of that growth. First, the industries on the list are
similar to sets of industries identified by other researchers.
At the same time, the innovative useewfployer-specified
R&D occupations as a classifying metric captures four service
industries whose employment behavior has not previously

ns been examined in a high-tech setting: computer and data-proc-

essing servicesic 737), engineering and architectural serv-
ices 6ic 871), research and testing services 873), and
management and public relations servicesg74)*?

Second, the listincludes aircraft and pasts372), guided
missiles and space vehicles:(376), and search and naviga-
tion equipmentgic 381), three industries that have been iden-
tified elsewhere byLs researchers as “defense dependent’—
that is, at least 50 percent of the output of these industries was
for defense in 1987, the most recent peak year for defense
expenditured3(See exhibit 2.) We can therefore distinguish
employment changes in defense-dependerab-intensive
manufacturing from employment changes in primarily civil-
ianRr&D-intensive manufacturing®.

High-techindustryemploymentgrowth

Because employment in many high-tech industries grew faster
than nonfarm employment as a whole during the 1970s and
early 1980s? observers hoped that these sectors would even-
tually make large contributions to total nonfarm employment,

artBoth nationally and regionall§. Coincident with this expec-

tation was the realization that the secular decline in high-wage
production jobs in heavily unionized sectors of U.S. manu-
facturing would be unlikely to reverse itself. Atthe confluence
of revolutions in microelectronics, genetics, aeronautics, phys-
ics, and materials sciences, high technology was envisioned
as a potential engine for creating employment on a scale that
could more than make up for the permanent loss of high-
wage production jobs.

Itis no news to close observers that this scenario has not ma-
terialized. Intables 1 and 2gsdata (not seasonally adjusted)
document the employment behavior ofR2®-intensive high-
tech industries from January 1988 through January 17996.
Total employment in these industries increased by slightly
more than 400,000, or about 5 percent. At the same time, to-
tal nonfarm employment grew more than twice as fast (13.7
percent), generating almost 14 million jobs. The contribution
of employment growth irR&D-intensive high-tech industries

tries in our analysis, lost almost 600,000 jobs, more than 10



facturing, in which the decline of 12 percent from Janqummm( R&D-

1988 total employment was more than twice that of dural nensve  highechnology

goods manufacturing as a whole (5.3 percent). Employment manubcuing  industies: deferse

in R&D-intensive nondurable goods manufacturing also fell, dependent  and Gvilan

but at a rate (—4.4 percent) much closer to that of all nondu-

rable goods industries (-3.5 percent). sic rosty
HoweverReD-intensiveservices—management and pub-| ¢0de

lic relations, computer and data-processing, engineering and Defense dependeht:

architectural, and research and testing services—outperformegso Aircraft and parts

employment growth both in the economy as a whole and ig7e Guided missiles and space vehicles and parts

the services division. More than 1 million new jobs werezg1 Search and navigation equipment

added, a gain of almost 46 percent. Of these new positians,
more than 80 percent were created by the management|and
public relations and computer and data-processing services :
industries, in which total employment came close to doublirlﬁ11 Cigarettes _ _

over the 8-year period. Clearly, all of the net increase in emfo1 Industrial inorganic chemicals
ployment inr&D-intensive high-tech industries was due to282 Plastics materials and synthetics
growth in high-tech services. 283 Drugs

Civilian:

Table 2 shows the effect of slow aggregate employment grow#f* Soap, cleaners, and toilet goods
in high-tech industries on these industries’ overall share of U.28° Paints and allied products
nonfarm employment. Total employmentrgp-intensive in- | 286 Industrial organic chemicals
dustries fell from 8.1 percent of all nonfarm workers in 1988 t#8/ Agricultural chemicals

7.5 percent in January 1996. Not surprisingly, employment in/aff°1 Petroleum refining

R&D-intensive manufacturing, durable goods manufacturing, and

mining also fell as percentage shares of their divisieas- | 5°° Nonferrous rolling and drawing
intensive nondurable manufacturing’s share remained rough§/55 Special-industry machinery
constant. Employment Rep-intensive services was the only °°/ Computer and office equipment
high-tech division that increased its share, rising from 9.5 pef°2 Electrical industrial apparatus _
cent to 10.2 percent of all services division employment. | 367 Electronic components and accessories
371 Motor vehicles and equipment
. . . . 382 Measuring and controlling devices
Sruciral dﬂm n W ndusties 384 Medical instruments and supplies
386 Photographic equipment and supplies

Industrial composition of employment growthThe figures

in table 1 afford us a closer look at the industrial compositi

of emp|0ymem gI’OWth irR&D-intensive industries. One fea4 * Source: Division of Monthly Industry Employment Statistics,

L. . . . Current Employment Statisticsprogram.

ture of the precipitous fall ir&D-intensive durable goods

manufacturing immediately emerges: 526,000 of the 547,000

jobs lost were in aircraft and partso372), search and navi- was less than one-quarter of the percentage loss recorded by

gation equipments(c 381), and guided missiles and spacell of U.S. manufacturing (—4.6 percent) during the same pe-

vehicles and partssic 376), the three defense-dependeniod. Four civilianr&D-intensive manufacturing industries

R&D-intensive manufacturing industries in Hadlock, Heckegained employment [medical instruments and supplies (17.6

and Gannon’s three-digit high-tech list. The last two indupercent, 39,700); drugs (14.9 percent, 33,200); special indus-

tries lost more than half of their total employment (-53.0 pery machinery (14.6 percent, 22,600); and motor vehicles and

cent and —55.9 percent, respectively), and aircraft and partségjlipment (13.7 percent, 114,200)], and four were unchanged,

by more than a third (-34.5 percent). Clearly, defense-depend&nplus or minus about 2 percent over the entire 96-month

industries accounted for a much larger share of employmanterval [industrial organic chemicals (2.3 percent, 3,300); ag-

in the U.S. high-technology sector than some analysts mdgultural chemicals (2.2 percent, 1,100); electronic compo-

have previously recognizédl. nents and accessories (0.0 percent, 300); and soap, cleaners,
In contrast, total employment in the 18 civilgD-intensive and toilet goods (—2.4 percent, —3,700)].

manufacturing industries listed in exhibit 2 was roughly stable, All told, the four civilian R&D-intensive manufacturing

with a loss of 54,400 (-1.3 percent) out of a total of almostdustries that increased their employment added almost

4.2 million in January 1988. (See table 1.) This small decli2d 0,000 jobs, of which slightly more than half were in the
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automotive industry. About one-third of the 210,000 wetk The services share of ad&D-intensive high-technology
created in medical instruments and drug manufacturing, #m@ployment rose by almost 11 percentage points, from 28.0
two health care-related industries on Hadlock, Hecker, apdrcent to 38.9 percent, between 1988 and 1996;
Gannon'&D-intensive listt® By way of contrast, computermanufacturing’s share fell from about 70 percent to 60 per-
and office equipmens(c 357), an industry that many regarccent. Moreover, the shift to services is not merely an artifact
as havingoegunthe “high-tech revolution” of the 1970s andf declining employment in defense-related high-tech
1980s, experienced the largest net employment declinenfanufcturing: even if defense-related employment levels had
97,700) among the civiliar&D-intensive industries. The remained unchanged, the stagnation of employment in civilian
relative stability of employment levels in electronitigh-tech manufacturing would have meant that manufacturing’s
components and accessories—which includes semiconducsbrare of all employment ®eD-intensive industries would still
and related devices, another “signature” high-tech indushgve fallen, from 70 percent to 66 perc&nthis is at least
that has seen rapidly growing demand for its products since dine indication that employment patterns in high-tech indus-
end of the 1990-91 recession—seems robust in compariddes are repeating the decades-old shift to services in U.S.
Burgeoning service industry employment and rapidly daenfarm employment at large. Later, we will examine some
clining defense-dependent manufacturing employment, thefthe reasons that this is happening.
represent the two main shifts in the industrial composition of
employment in the&b-intensive high-tech sector. The effeciThe demand for high-tech worker&auging the demand for
of the shift from manufacturing to services is depicted in chargh-tech workers—that is, those whes® activities gen-

Tablel. Levelsandnetandpercentchanges, researchanddevelopment ( r&D-intensivehigh-technologyemployment,
January1988andJanuary1996, notseasonallyadjusted,rankedbypercentchange, January 1988-January 1996
[Numbersinthousands]

e sy January January Net Percent
code 1988 1996 change change
874 Management and public relations ................c.c.c..... 482.3 859.0 376.7 78.1
737 Computer and data-processing servi . 656.7 1,139.1 482.4 735
873 Research and testing services ........... . 470.4 562.6 92.2 19.6
384 Medical instruments and supplies . 225.2 264.9 39.7 17.6
283 DIUGS ..o . 222.2 255.4 33.2 14.9
871 Engineering and architectural services................... 708.2 813.0 104.8 14.8
355 Special-industry machinery ...........cccccovveenieeiiieenns 154.4 177.0 22.6 14.6
371 Motor vehicles and equipment ............cccceeercninnne 835.0 949.2 114.2 13.7
286 Industrial organic chemicals 143.6 146.9 3.3 2.3
287 Agricultural chemicals 51.0 52.1 11 2.2
367 Electronic components and accessories ... . 608.6 608.9 3 .0
284 Soap, cleaners, and toilet goods ........ .. 153.4 149.7 -3.7 2.4
366 Communications equipment .... . 272.9 263.0 -9.9 -3.6
335 Nonferrous rolling and drawing ............ccccccoevivenns 179.0 167.3 -11.7 -6.5
289 Miscellaneous chemical products 99.5 90.6 -8.9 -8.9
282 Plastics materials and synthetics.... 173.4 155.5 -17.9 -10.3
382 Measuring and controlling devices .. 318.7 284.7 -34.0 -10.7
362 Electrical industrial apparatus .... 178.1 159.0 -19.1 -10.7
285 Paints and allied products ....... 62.2 55.3 -6.9 -11.1
281 Industrial inorganic chemicals . . 133.0 116.4 -16.6 -12.5
291 Petroleum refining ..o 123.4 99.7 -23.7 -19.2
357 Computer and office equipment .............cccceceeveenns 455.0 357.3 -97.7 -215
386 Photographic equipment and supplies ... . 109.8 84.7 -25.1 -22.9
131 Crude petroleum and natural gas operations.......... 198.1 143.2 -54.9 -27.7
211 CiQArettesS ...ooueeieeeieeiieriee e 40.6 28.2 -12.4 -30.5
372 Aircraft and parts 682.2 446.9 -235.3 -34.5
381 Search and navigation equipment .......... . 3254 153.0 -172.4 -53.0
376 Guided missiles, space vehicles, and parts ........... 211.6 93.4 -118.2 -55.9

All rep-intensive employment .. 8,273.9 8,676.0 402.1 4.9
R&D-intensive manufacturing . 5,758.2 5,159.1 -599.1 -10.4
r&D-intensive durables ....... 4,555.9 4,009.3 —546.6 -12.0
Rr&D-intensive nondurables 1,202.3 1,149.8 -52.5 —4.4
Defense-related rep-intensive manufacturing ... 1,219.2 693.3 -525.9 -43.1
Civilian rep-intensive manufacturing 4,166.6 4,112.2 -54.4 -13
R&D-INteNSIVe SEervices ...........cccoeu. . 2,317.6 3,373.7 1,056.1 45.6
R&D-INtENSIVE MINING ..o 198.1 143.2 -54.9 -27.7
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Employmentin  repintensivehigh-technology
industies asapecent o a nonfam, d
i al senices, anda minng
employment, 1988-96
Category January 1988  January 1996
Employment in all R&Dintensive high-
technology industries as a percent of
all nonfarm employment ..................... 8.1 7.5
Employment in R&Dintensive
manufacturing as a percent of:
All manufacturing employment ........ 30.2 28.4
All durable manufacturing
employment ........cccccoviiiiiiiiennnen, 40.7 37.8
All nondurable manufacturing
employment .........cccocevvniniennenn. 15.3 15.1
Employment in R&Dintensive
services as a percent of
all services employment ............c.c...... 9.5 10.2
Employment in R&Dintensive
mining as a percent of
all mining employment .............cccccc..... 27.7 25.7

and more rapid investment in newer technologies that charac-
terize the operations of high-tech firms raise their demand for
more educated workers and also can increase the overall share
of these types of workers in a given company’s work fétce.

In his summary of these and other studies, Daniel S.
Hamermesh concludes that the demand for highly educated
and skilled labocomplementsnore rapid turnover in tech-
nology and higher levels of capital investm&nthis sug-
gests that the closer a firm is to the technological frontier,
either in its use of advanced processes or in its efforts to de-
sign new products or processes, the stronger will be its de-
mand for high-tech workers.

Clearly, these firms have a strong incentive to continually
improve their core areas of technical capability. Whether they
can do this, of course, is constrained by their success in at-
tracting and retaining high-quality research, design, and engi-
neering talentAnd no matter how many scientists and engi-
neers there are at any given time, the best and the brightest are
always in short supply. Because research-grade scientists and
engineers are in such great demand, they tend to change jobs

erate the innovations for which these industries are knowmsere frequently. Analysts almost across the board have observed
is a more difficult matter. Ideally, we would have liked to exthat the highest rates of job creation, job destruction, and—
amine changes in the percentages of workettsally engaged most vexing for personnel managers and corporate research
in R&D in these industries. Unfortunately, the occupglanners—job switching (both from firm to firm and within
tion-by-industry employment data that Hadlock, Hecker, afidns) occur among the most technologically innovative firms
Gannon used to identify their high-tech industries cannot imesectors in which overall employment is growffg.

reliably tracked across time. But, as we noted earlier, by look-Technological leaders thus face serious problems in find-
ing at four-digit industry shifts in levels of production anéhg workers with the right skilt¥§ and difficulty in maintain-

nonsupervisory employment—which includes “product devel-

opment” workers and nonsupervisory professional specifie{-Y(R

ists—we can try to construct a plausible scenario of where
high-tech occupational demand may have headed in recent
years.

From the 12 three-digit industries that recorded growinfgPercent of
or stable employment levels between 1988 and 1996, we [snployment
lected 22 four-digit component industries, based on our judg80

ment of their relative levels @&D-intensity. Table 3 summa-

rizes employment changes in the 15 of these 22 industrie$ if?

which total employment also grew or was essentially up-
changed and for which data on production workers were avilf0
able? Finally, to survey the employment behavior of thege

industries over the most recent business cycle, we broke & [
96 months between January 1988 and January 1996 into three |

periods: January 1988 through July 1990 (period 1), the firjaf©

months of the ascent to the peak of the economic expangion |
of the mid- and late 1980s; July 1990 to March 1991 (peri HPO

2), the decline in output and employment to the trough of the
1991 recession; and March 1991 to January 1996 (period 35’-,0

encompassing the recovery from the recession and the ¢ur- |

rent expansiof? 10

Before we examine the data, what can we glean from fe-
cent research on the demand for high-tech workers? Sevgraf

Indudrial composdtion of employme nt
in R&D-intensive high-te chnology
indudries, January 1988 and
January 1996

B Manufacturing B Services

January 1988 January 1996

studies have shown that the higher levels of computerizatien
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ing stabler&D work forces, in terms of both numbers antbw internal investments in human capital to pay off.
productivity. Instability, of course, can result in dynamic losses The conflict between maintaining a technological edge and
of knowledge, the accumulation of which is central to the sute intense competition between firms to attract scarce
cess of high-tech firms. Accumulating knowledge involvegsearch-grade talent leads us to conclude&iatintensive
positive feedback in the form of increasing retwhshich firms face a continuous struggle to retain adequate levels of
enable high-tech firms not only to remain high tech, but alreeb workers. Plausibly, one of two scenarios occurs. In the
to maintain their presence in, or even persistently domindiest, firms will try to maintain relatively constant levels of
innovative market& R&D workers, increasing them slowly in response to product
In order to attract and keegaD talent, then, firms must or price competition, growing demand, or both. In this “con-
cultivate well-articulated internal labor markets for scientiststant-levels” scenario, the numberrafD workers in a firm
engineers, and other classes of skilled employees, provide higihuld tend to lag behind changes in production employment,
wages and benefits, and emphasize participation in statedsing the ratio okaD workers to production workers to
of-the-art project&® As Lia Pacelli, Fabio Rapiti, and Ricardovary inversely with growing demand, measured in terms of
Revelli note, “whenever the value of a job-worker match isvenue or output. We believe that this is likely to be the “mini-
high, firms will take actions to reduce the risks that the matofum program” that many, if not mostgD-intensive firms
breaks up.®* By helping retain workers whose skills are hardre realistically able to attain.
to come by, these measures keep training costs lower and aln the second scenario, which we might call the “constant-

Tabe 3 Changesintotalemploymentandinproductionemployment, selectedfour-digit Reo-intensiveindustries,not
seasonallyadjusted,rankedbypercentchangeintotalemployment, January1988-January 1996
[Numbers in thousands]
January 1988— January 1988— July 1990- March 1991~
c%léé Industry January 1996 July 1990 March 1991 January 1996
Net Percent Net Percent Net Percent Net Percent
7371 Computer programming services ..... 140.9 120.3 33.8 28.9 1.7 1.1 105.4 69.1
Production WOrkers ............cccoceeue 124.2 133.1 26.0 27.9 2.7 2.3 95.5 78.3
8742 Management consulting services ..... 158.7 112.9 48.9 34.8 7.0 3.7 102.8 52.3
Production workers ............cccceee 122.5 120.7 34.4 33.9 6.2 4.6 81.9 57.6
8732 Commercial nonphysical research .... 384 47.8 17.1 21.3 -1.5 -1.5 22.8 23.8
Production workers .............c.cc..... 36.4 60.2 14.1 23.3 A4 5 21.9 29.2
7373 Computer integrated
system design .......ccceeceeniiniennennne. 40.7 44.1 5.1 5.5 11 11 345 35.0
Production workers ...........c.c.cc..... 28.6 41.2 10.0 14.4 2 3 18.4 23.1
3714 Motor vehicles parts
and acCeSSOMes ....cceveereeerueenueannenn 108.9 27.2 25 .6 -25.5 -6.3 131.9 35.0
Production workers .. 87.7 27.3 -5.2 -1.6 -23.7 -7.5 116.6 39.9
8711 Engineering services ... 93.6 17.4 83.1 154 -38.0 -6.1 48.5 8.3
Production workers ......... 735 16.3 63.8 14.1 -32.9 -6.4 42.6 8.8
2834 Pharmaceutical preparations . 23.3 12.8 16.1 8.8 2.9 15 4.3 2.1
Production workers ......... 25.1 30.8 8.3 10.2 2.4 2.7 14.4 15.6
3556 Food products machinery 2.9 12.8 1.3 5.8 -1.0 -4.2 2.6 11.4
Production workers .............cccc..... 2.2 16.5 1.0 7.5 -9 -6.3 21 15.7
2869 Industrial organic chemicals, n.e.c.® . 8.8 8.0 14.9 13.6 -1.9 -1.5 —4.2 -34
Production workers ............ 2.3 3.6 2.7 4.2 -4.2 -6.2 3.8 6.0
8712 Architectural services . 8.4 7.0 9.6 8.0 -8.2 -6.3 7.0 5.8
Production workers .. 6.0 6.4 8.4 8.9 -7.1 -6.9 4.7 4.9
8731 Commercial physical research 135 6.5 33.0 16.0 31 1.3 -22.6 -9.3
Production workers 11.2 7.6 10.5 7.1 .0 .0 7 4
3841 Surgical and medical instruments ..... 5.3 5.5 5.6 5.8 5.9 5.8 -6.2 -5.8
Production Workers .............ccocueu.. 8.2 14.8 3.6 6.5 4.7 8.0 -1 -2
8733 Noncommercial research
0Organizations ........cc.cceceeeeeereereennens 2.9 2.3 19.0 15.0 7.7 -5.3 -8.4 -6.1
Production workers ......... -4 -4 6.5 6.5 -4.6 —4.3 -2.3 -2.3
3711 Motor vehicles and car bodie: 7 2 -19.6 -5.7 -31.3 -9.6 51.6 17.4
Production workers .............c.cc..... 9.1 3.5 -22.0 -8.5 -25.0 -10.6 56.1 26.6
3674 Semiconductors and
related devices— ........cccocceveeneenienns -3.0 -1.2 -13.4 -5.3 -6.2 -2.6 16.6 7.1
Production workers ...........c.cccc..... 13.0 13.1 -5.5 -5.5 .6 6 17.9 19.0
All R&D—intensive employment .......... 644.0 22.7 257.0 9.1 -99.6 -3.2 486.6 16.3
Manufacturing 146.9 104 7.4 .5 -57.1 -4.0 196.6 144
Services ......coovueennns 497.1 35.0 249.6 17.6 -42.5 -2.5 290.0 17.8
Production employment ................... 549.6 27.3 156.6 7.8 -81.2 -3.7 474.2 22.7
Manufacturing .........cccoeeveevniininnnns 147.6 16.5 -17.1 -1.9 -46.1 -5.3 210.8 254
SEIVICES ..ooviiiiiiiiie e 402.0 35.9 173.7 155 -35.1 2.7 263.4 21.0
! n.e.c. = not elsewhere classified.
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proportions” model, levels é&b employment might increaseentific talent shifted from mainframesrds. But it may have
in rough consonance with production employment levelsad a different outcome in terms of the demand for high-tech
thereby maintaining a constant proportiomeab workers in - workers. Production employment continued to fall in period
the production worker mix. In either model, other things rg-but stabilized and reversed course after the recession, as
maining equal, the demand f&D workers increases in grow-new generations of chips followed each other in quick suc-
ing industries, but more slowly in the “constant-levels” modekssion. However, microprocessors are both a product and a
than in the “constant-proportions” model. process, with end uses (in a home or business computer) and
Does the welter of “up-and-down” detail in table 3 give ustermediate uses as elemeinttheir own as well as in other,
significant clues about which model is operating in the realustries’ production systems. Production employment in
world? First, total employment grew by 644,000 across teemiconductor manufacturing, then, is bracketed simulta-
15 industries. Of the 644,000 new jobs, roughly 85 percerously by process innovations theduceit and product in-
(550,000) were in production and nonsupervisory occupationsvations thatncreaseit. Semiconductor firms maintained
Consistent with the overall shift toward services and awsyeir production work forces at essentially constant levels dur-
from manufacturing in th&&D-intensive sector, almosting the recession and, in response to vastly increased demand
three-quarters of the new production and nonsupervisory &ar-chips after the recession, slowly added production work-
cupations (402,000) were createdH®D-intensive service ers between 1991 and 1996. In this instance, the “constant-
industries. Given our understanding of the constraints mvels” scenario of high-tech worker demand may be more
R&D-intensive firms as they recruit and retain high-tech worflausible.
ers, these aggregate figures alone tell us that, even if the “conThe data in table 3 also reveal that, since the end of the
stant-levels” model is operating across all the firms and irecession, many high-tech firms maintained or increased their
dustries listed in table 3, demand has been relatively strongiaduction work-force levels while reducing supervisory em-
this cross section of industries for high-tech product develggeyment. Production employment constituted about 60 per-
ers and the professional specialists from wireb (and cent of total employment growth during period I, compared
D&E—design and engineering) employees emerge. with 98 percentluring period 3. In manufacturing, 5 of the 7
But both models may be operating. Production employdustries (pharmaceutical preparations, industrial organic
ment—and, within thak&D employment—varies across eschemicals, surgical and medical instruments, motor vehicles
tablishments of different sizes and ages. For example, we kreovd car bodies, and semiconductors and related devices) main-
that both kinds of employment rise in high-tech firms th&ined or increased their production work-force levels while
focus on new products and fall where the focus is on adogisplacing supervisors. In services, the proportion of produc-
ing new processe$But firms in a high-tech industry may dotion jobs created moved from about 70 percent in period | to
both, or change emphasis from one to the other, in relativBly percent of the total change in employment during period
quick succession. In automobiles, a sector that usually 80-Only in noncommercial research organizatians&733)
pears to concentrate on supplying new products, restructirere production worker positions eliminated along with those
ing throughout most of the 1980s resulted in the loss of huif-supervisory workers.
dreds of thousands of production jobs—the last vestige ofA large amount of the supervisory loss would appear to be
which may be visible in period 1. But there was relativelgimost certainly the result of the recent corporate emphasis
strong production employment growth after the recession ad“flattened” organizational structures that has led to layoffs
well into the mature phase of the recovery (period 3), as namong middle managets Further, in commercial physical
products (car models with new features and accessories)researchgic 8731) and noncommercial research servises (
tensified competition in the North American-based auto i8733), it is probable that supervisory employment shrank along
dustry. Table 3 shows that the lion’s share of growth in periaith production employment during period 3 as a result of
3 was for production employment in motor vehicle parts aedts in the growth of the national defense budg&ut the
accessoriess(c 3714), where competition in developing nevinusbanding of production workers in strategically important
products (and, to some degree, new processes) is especially-digit R&D-intensive industries during the recession and
keen. Itis likely that engineers working b&e for new prod- afterward is consistent with the need to conserve high-tech
ucts were in great demand among the firms in this industrykimow-how upon which technically sensitive production sys-
that case, the faster growth, “constant-proportions” scenatéms ultimately depend. In general, it indicates that the over-
may have been in force as firms scrambled to rapidly increasledemand for high-tech workers is, at the very lesable
their product development capabilities. no matter which demand scenario is operating in a particular
The same sequence of restructuring appears to haveiodustry.
curred in semiconductor manufacturingc(3674) over Given that we analyzed only the performance of the com-
roughly the same period, when markets, technologies, and poiRrents of three-digi&D-intensive industries in which total
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employment was at least stable over the period in questiorgst likely to fillR&D positions in the four service industries
this conclusion is true, but trivial. So we ask a more poignatiscussed previously.

guestion: what kind okR&D workers have been demanded? We can further examine these qualitative inferences about
Neal H. Rosenthal reports that three of the fastest growingich high-tech occupations have been in demand by look-
occupations in the United States between 1983 and 1993ifanat the number of new openings that the Bureau of Labor
interval that partially overlaps our study period) have be&tatistics expects to be created in the next decade for occupa-
computer systems analysts, engineers, and sciefitifi® tions we have deemed most likely to engagré&n.® The
industrial composition of changes in production employmefailowing tabulation shows total projected job openings and
in table 3 is consistent with this finding. Two of the compgercent changes in employment between 1994 and 2005 for
nents of computer and data-processing services—complitexly R&D occupations in the four services industries at the
programming servicesi¢ 7371) and computer integrated systop of table 3¢

tems designsfc 7373), the latter a more specialized and, argu- Job openings ~ Percent
ably, a morer&D-intensive industry—had the first- and (thousands) change
fourth-highest percentage increases in production employment, totar ... 1,100 _

133 percent and 41 percent, respectively. Together, these in(-: ; ‘ st
dustries produced 3 times more production positions in pe- OMPUTer Systems analysts,

. . . . scientists, and engineers.......... 819 91
riod 3 than in period 1 (114,000, compared with 36,000) and pmanagement analysts ............... 109 35
more than one-quarter of all the production jobs created be4ndustrial engineers .................. 47 13
tween 1988 and 1996. It is not mere speculation to assert tha@sychologists . ......................... 45 23
in these two industries, computer systems analysts, engineer$Perations researchers ............. 35 50
and scientists are the occupational groups from which cadre ?ﬁgf;nc;iitzl scientists T ig 595

of nonsupervisorg&bd workers emerge.
Another industry in which production employment more

than doubled over the last 8 years was management consultryg next tabulation shows projections for likelo occu-

ing services (sic 8742). The approximately 123,000 new pQskiions in the seven four-digien-intensive manufacturing
tions, two-thirds of which were added after the recession, glystries and for architectural services, noncommercial re-
most certainly included&b workers in professional Spec'altysearch, commercial physical research, and engineering serv-
occupations such as management analysis, operations resegichy gjgnificantly, the last two are recognizable as “producer

industrial engineering, psychology, economics, and other §@iices” that typically carry out specialized tasks for manu-
cial, behavioral, and management sciences. These occupaligis,rers construction firms. and mining concerns.
were also likely to be in great demand in the commercial non- ’ ’

NoTe: Dash indicates no figure calculated.

physical research industrsi¢ 8732), in which production em- Job openings Percent
ployment increased by 60 percent. (thousands)  change
The preceding four computer, management consulting, and  Total ...........cccoeceveeeveceeeeeenn. 518 —
commercial research services industries generated 312,000 Qf|ecirical engineers ................. 157 20
the 550,000 new production jobs in tk&-intensive indus- Physical scientists..................... 104 19
tries in table 3. Elsewhere, the biggest increases in productioMechanical engineers ............... 98 19
worker employment were in motor vehicle parts and accesso-Life SCIENtStS ........ooooviirnninne. 94 24

ries (87,700), engineering services (73,500), pharmaceuticalérrf:;ieccéls englneers """"""""" 3251 1173

(25,100), semiconductors (13,000), commercial physical re-yetallurgical, ceramic, and

search (11,200), and motor vehicles (9,100). As mentioned materials engineers................. 6 5

earlier, firms in the automotive sector and in engineering serv-Mathematicians ........................ 3 5

ices appear to have added relatively large numbers of NnoNy o= pash indicates no figure calculated.

supervisory engineers, as cyclical forces and technological

mandates for cleaner and safer vehicles compelled them tdn the first tabulation, total job openings are projected to

enlarge their pools of research talent. However, productiontnumber those in producer services and manufacturing by
worker employment levels in commercial physical researobughly 2 to 1. The total is, of course, heavily weighted by the

have been flat throughout the recession and the current exparge number of computer-related professional specialty open-
sion. And demand for the life and physical scientists, commgs. Clearly, not all computer professionals will be hired by

puter scientists, mathematicians, and statisticians that fill t@mputer and data-processing firms. Many—along with some
R&D positions in pharmaceuticals and semiconductors has prebeial scientists and management specialists—will be hired
ably not been as strong as that for the professional specialistsservice providers and manufacturers, so the total in the
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second tabulation is biased downward. But the disparity lzgx annual rate of 2.6 percéht.

tween what we can infer about recent and projected demandn addition, the perverse economic logic of Moore’s law
for occupations in industries that principally providéolds for other types of consumer electronics manufacturing
R&D-intensive computer, management, and nonphysical (@®r example, cellular phones and pagét$). some cases, it
search services, compared with those historically associdi@des producers to sell these products at or below cost in
with the production of goods, does not seem merely coinorder to boost sales of complementary goods with higher profit
dental: it is consistent with the shift toward services in timeargins, such as software or technical services. This tendency
industrial composition of employment that is occurring in th@ot only gives impetus to the shift to services in the industrial

R&D-intensive sector of the entire U.S. economy. composition of employment in high-tech industries, but may
even help accelerate the observed increase in the proportion
Causesofhigh-techchange of nonproduction occupations—for example, in sales and mar-

keting—within manufacturing as a whoté.
So far, we have uncovered hard evidence for two significantThe Bureau of Labor Statistics has noted that for electron-
employment shifts in U.S. high-tech industries: (1) very slois and computer manufacturers who are less willing to invest
growth in overall employment, held down by huge lossesimautomation, another strategy that reduces labor requirements
R&D-intensive defense-dependent manufacturing and the v&to shift “subassembly or component production functions
tual stagnation of employment in civili@aD-intensive manu- to countries where labor is cheap#rThis, too, is facilitated
facturing; and (2) a shift in the industrial composition of higlpy vastly improved communications technologies, which are
tech industries toward services and away from manufacturitfggmselves the products of the microelectronics revolution
driven by large employment gains in computer and data préftat began in the mid- and late 1950s. These technologies
essing and in management and public relations. With thedlew R&D-intensive firms to disperse their production facili-
numbers as a backdrop, we have also seen evidence suggesinternationally, yet control them effectively on a day-to-day
ing that the demand for high-tech workers is shifting towaldsis. Further, “if this trend continues, assembly work sent
occupations that have more to do with the production of seabroad may well cost more jobs than [do] robots or other au-
ices than the production of goods. tomated manufacturing systents.”

Outside of the events occurring within the defense indus-Finally, across a broader spectrum of industries, including
try, which operates according to the logic of what might libe automotive and special-industry machinery industries (for
called the “geopolitical business cycle,” what is causing theseample, machine tools), the linkage of ever more powerful
trends? Technological change is certainly the most importamid cheaper computing technology with manufacturing proc-
determinant® The critical point here is that labor-saving processes has made possible the vertisaitegration of both the
esses developed mBeD-intensive industries not only aredesign and manufacture of components previously made
adopted in other sectofsut cause changes in their industryn-house. A leading trade publication recently reported that
of origin as well.This is nowhere more vividly seen than iriwo of the world’s biggest automobile manufacturers now
the computer and office equipment industry. Today, appro%sutsource” as much as 70 percent of their production of
mately 15 years aftec’s were first widely marketed, there iscomponents to smaller compantésTypically, competition
an installed base of tens of millions of these devices. In acamong these suppliers for contracts from larger firms is in-
dance with the empirical regularity in computing technologgnse. This generates additional motivation to cut labor re-
known as “Moore’s law?*the computing power embedded irquirements by introducing computer technology that lowers
these machines has continualhgreasedover the last two the number of relatively high-waged employees necessary to
decades, while the price of that power HasreasedThis produce a given component or subassembly.
phenomenon has lowered the cost of automating (“computer-
izing”) design and manufacturing processes in computers ft'?ﬂnsequencesofhigh-techchange
other civilian high-tech manufacturing industries. In turn, au-
tomation has reduced the number of workers required at &file technological change is eliminating jobs in civilian
output level, while both production capacity and demand fe&D-intensive manufacturing, it is simultaneously creating a
computers have continued to gréAilhe result has been notvery large pool of new employmentrRaD-intensive services.
only rising output and falling employment in computer mandAore importantly, we have seen evidence that it may be chang-
facturing, but the likelihood of a relentless continuation @fig the composition of demand for high-tech workers, as well
these trends: the Bureau of Labor Statistics projects that, &g the character of the work they perfdfnT.herab of pro-
tween 1994 and 2005, annual output in the computer indudegsional specialists in management consulting, for example,
will rise by 7.3 percent. This is the fastest rate of output growthquite different from what we usually picture when we think
of the detailed industries for which the Bureau prepares pof-high technology. These workers do not wear lab coats, nor
jections. Employment levels, on the other hand, will fall lgo they do applied physical research for manufacturing firms.
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As organizational theorists have noted repeatedly in recépavily on educated workers, employed a higher fraction of
years? the new type of development of products and proarorkers in skilled occupations, and had higher proportions of
esses of management consulting specialists—a developmafiege-educated workers in their employee phix. a sepa-
that nevertheless has a feature instantly recognizable as crate time-series analysis of plants that survived across the
mon to allR&D activity—is totake existing knowledgbout 1977-t0-1992 interval, however, these same researchers indi-
how organizations carry out their missi@amal fashion it into cate that the direction of causality may be the other way—
more efficient organizational structurés doing so. Funda- that is, that “the adoption of new technologies is more likely
mentally, whether the firm is a for-profit, nonprofit, or govto occur in plants with skilled workforce&”
ernment entity, management consultants and researchers aSome of the lack of clarity about the effects of technology
tempt to manage knowled@dout knowledge, to improve on ther&D intensity of occupational employment in manu-
their clients’ organizational capabilities. And at least one dfeicturing may have to do with technologically driven changes
of researchers has argued forcefully that in high-tech goadur definition of the term “skill.” For example, U.S. firms
production, organizational structure, more so than the techinither&D-intensive automotive, electronics, industrial equip-
cal breakthroughs thatb workers produce, provides the sament, and instruments sectors have recently adopted an orga-
lient difference in the competitiveness of firms, both domesizational regime called “lean manufacturirtg.Pioneered
tically and internationally? originally by the Japanese, this process has a dimension that
However, our discussion of occupational employmerd crucial to the aforementioned debate: firms require produc-
trends was an imprecise way of analyzing recent and futticn workers to be “flexible,” rather than intensively special-
demand for high-tech workers. Because we chose only thed in a narrow function or set of skills. A report by the
four-digit components of three-digit industries in which totd¥icKinsey Global Institute notes that the latter characteristic
employment either grew or remained static over the Januapften disparaged by managers in a lean manufacturing en-
1988-January 1996 interval, we omitted trends in the three-digibnment, because they believe that it fosters rigidity and
R&D-intensive manufacturing industries identified by Hadlockcompartmentalization” on the assembly line, thereby under-
Hecker, and Gannon thiaist employment over that time. It is mining productivity?®
important to note that the Bureau of Labor Statistics expectsOne recent firsthand account describes the effect of lean
all of these industries to continue to increase output and speaduction on the skill mix of workers in U.S.-based (but
jobs over the next decaéfdn light of their increasing use of Japanese-owned) automobile manufacturing pfarisoduc-
automation and transfer of relatively labor-intensive produtivity increased in these plants after the replacement of more
tion work to subsidiaries offshore and subcontractors at hortraditionally “skilled” production workers with “integrated
will their demand for high-tech workers fall along with proworkers” who have few recognizable skills other than the gen-
duction employment? If so, what will be the effect on the caral physical and mental dexterity that allows them to fit eas-
pacity of these industries to generate innovations? These qilgsnto different “teams” with rapidly changing tasks. Man-
tions bear directly on the global demand for U.S.-madgers were reported to have little regard for the educational
high-tech goods and on the developmental trajectory of thievocational qualifications of prospective workers, outside
U.S. economy in the long term. of their aptitude and enthusiasm for the work team concept
No direct evidence exists ab®gD workers as suclput, and practices.
as we stated earli€rthere is empirical support for the belief It seems clear that the movement of “flexible” production
that in manufacturing at large, the introduction of new tecbmployees into jobs once occupied by traditionally skilled
nologies is associated witicreaseddemand for skilled work- workers—those who were adept at performing one task or
ers®? These findings support the hypothesis that a procesoperating one machine in the manner of Adam Smith’s pin
“skill-biased technical change” is occurring in Americafactory or Henry Ford’s early assembly lines—is a manifesta-
manufacturing and, by extension, in high-tech manufactaien of skill-biased technical change, albeit of a different char-
ing. Ernst Berndt, Catherine Morrison, and Larry Rosenbluaster than that envisioned by those who have researched the
for example, found positive correlations at the industry levissue so far. Although it may be several steps removed from
between expenditures on high-technology capital goods (fbe final product, Moore’s law is present even in autos and
example, computers) and the educational attainment of wahnighly specialized fields like special-industry machinery, in
ers3 Eli Berman, John Bound, and Zvi Griliches obtainedhich retail prices (and, presumably, unit production costs)
similar result$* But the most recent and direct evidence pestill tend to rise as the quality of final outputs increases. Not
taining to skill-biased changes in the occupational structwmely can the design and productionfimial goodsin these
of high-tech manufacturing gives a conflicting picture. Imdustries be simplified through computerization, but so can
cross-sectional analyses of 358 plants, researchers fromthieedesign and productionthie machines that make the final
Census Bureau’s Center for Economic Studies found that fe®ds and so on. Technological advance thus makes avail-
more technologically advanced establishments relied maitde to managers increasingly powerful and more inexpen-
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sive computing technology, enabling an array of "lean” straieg relationship between robots and human workers may trans-
gies for cutting production costs, which further spurs compdtte into greater demand for computer- and statistically liter-
tion. As we have said, these strategies include automation,a®-production worker8 those workers may not be required
porting jobs, and outsourcing, all of which reduce employmentpossess specialized technical skills. Instead, if lean manu-
and redefine the skilled production worker as a worker whdseturing takes hold throughout the high-tech sector, they will
social skills and natural dexterity matter more than specibk required to have the more general capacity of being able to
ized training. move, think, and—most importantearn quickly,as their
Because much of the specialized work of translating praampanies respond to rapidly changing market conditions.
uct design into more easily assembled commaodities is, anddther things equal, then, the progression of these forces
will continue to be, assisted by computers, some analysts lnedergirds our earlier assertion that demand will continue to
lieve that the near-term result of this progression will be thecrease folr&D workers in computer and data-processing
so-called soft factory. This locus links computer and datservices, management consulting, and nonphysical research.
processing service providers with high-tech manufactureks the scope of these workers’ activities widens, and their
who have adoptedc's as both labor-saving and “labor-enfinkages with high-tech manufacturing firms become more
hancing” technologies. For many of these firms, softwareramerous, the learning-by-doing inherent in any specialized
and, by implicationthe high-tech workers irR&D-intensive activity will tend to enhance the innovative capacity of the
industries who design and integrate the software into prproviders of thesr&D-intensive services. In high-tech manu-
duction systems-is now more important in manufacturingfacturing industries in which employment is falling, however,
than is hardwar®. Today, human workers utilize custonjob loss among production workers will at best tend to hold
software inpc networks to do an increasing share of simplbown the growth of workers engagedrRaD. But because
“mass-customized” assembly of components using datars&D workers will continue to have more powerful research
consumer preferences relayed directly from custometschnologies at their disposal, if the absolute number of such
through sales offices, to factory-floec’'s. One prominent workers in these industries decreases over time, it is not a fore-
electronics manufacturer uses an assembly line staffed bygéfe conclusion that their innovative capacity will decline as
workers to turn out custom orders for 27 different productell. In shortr&D-intensive firms will tend to remain that w&y.
simultaneously, specifications for which are entered into tBeit the “creative destructioff’of technological change occur-
computer network by telephone sales operators hundredsiiog within R&D-intensive industries will undoubtedly con-
thousands of miles awéy.Although this stage in the evolv-strain our predictions about other developments. O
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1 This argument is most often attributed to Joseph Schumpeter; seepkisent of sales was spent on research and development of new products or
Theory of Economic Developme{@ambridge,ma, Harvard University processesAn assessment of U.S. competitiveness in high technology in-
Press, 1934). But it is strongly implied, if not explicitly stated, in the worldustry(U.S. Department of Commerce, U.S. International Trade Adminis-
of Adam Smith, Karl Marx, and Alfred Marshall, among others. tration, 1983)). In a later variant of Riche, Hecker, and Burgan’s analytical

2 See E. J. Maleckifechnology and Economic Development: The Dystrategy, Ann Markusen, Peter Hall, and Amy Glasmeier produced a widely
namics of Local, Regional, and National Chandssex, England, cited classification of high-technology industries using 1984—85 data from
Longman Scientific and Technical, 1991). The Massachusetts Divisiontbé&sLs Occupational Employment Statistics program to calculate the per-
Employment Security employed a definition that identified 20 industgentage ofR&D employment across all three-digit manufacturing indus-
groups as high-technology industries based on the perceived degree of te@s (Ann Markusen, Peter Hall, and Amy Glasmeiiggh-Tech America:
nical sophistication of their products. (See R. Vinson and P. Harringtdrhe What, How, Where, and Why of the Sunrise IndugBieston, Allen
Defining high technology industrig®oston, Massachusetts Departmenand Unwin, 1986)). In their study, engineers, technicians, computer scien-
of Manpower Development, 1979.) Also, R. McArthur, “Replacing the cotists, life and physical scientists, and mathematicians made rfmbm-
cept of high technology: towards a diffusion-based approd&iironment ployment. These researchers identified 29 three-digit industries in which
and Planning Ayol. 22, no. 6, 1990, pp. 811-Z8chnology, innovation, R&D employment exceeded the 1980 national average of 5.8 percent for all
and regional economic developmef€ongressional Office of Technology manufacturing.
Assessment, United States Congress, 1984); and W. B. Stohr, “Regional inno-> Hadlock, Hecker, and Gannon, “High technology employment,” p.
vation complexes,Papers of the Regional Science Associatioh 59, 1986, 26. Ten industries—namely, those in which the number&id employees
pp. 29-44, all proposed broad and intuitively appealing conceptual defiwas at least equal to the average for all industries surveyed—were termed
tions, but the authors acknowledged that the definitions were difficult ‘te&p moderate.”
measure. 6 Steve J. Davis and John Haltiwanger, “Wage Dispersion Between and

3 Richard W. Riche, Daniel E. Hecker, and John U. Burgan, “HigWithin U.S. Manufacturing Plants, 1963-1986,” Bnookings Papers on
technology today and tomorrow: a small slice of the employment piggtonomic Activity, MicroeconomiddVashingtons, Brookings Institute,
Monthly Labor ReviewNovember 1983, pp. 50-58. 1991), pp. 11520.

4 Paul Hadlock, Daniel Hecker, and Joseph Gannon, “High technology 7 For instance, in onR&D center funded by the textile industry, engi-
employment: another viewNMonthly Labor ReviewJuly 1991, pp. 26—-30. neers and computer scientists are currently at work on a project aimed at
An early study by the U.S. International Trade Administration identifiegutomating the design, cutting, and fitting of garments for retail customers.

MonthlyLaborReview June1997 23




This project uses the latest in laser and computer technology. (See Rickdggtified asR&D-intensive industries.

Lipkin, “Fit for a King,” Science Newsviay 18, 1996, pp. 316-17.) 8 With regard to its importance as a source of technical innovation in the
8 See MaleckiTechnology and Economic Developmemd Markusen, U.S. economy over the last half century, the influence of defense expendi-
Hall, and Glasmeiekligh-Tech America tures on employment in high-tech industries has not been thoroughly docu-

9 “sic” abbreviates “Standard Industrial Classification”; Standard mented. (See Maleckiechnology and Economic Developme®aunders
Industrial Classification ManualExecutive Office of the President, Office (‘Defense spending in the 1990s” and “The rise and fall in defense spend-
of Management and Budget, 1987). ing”) researched the national employment effects of reductions in defense

10 Employment and Earningdjay 1996, p. 192. expenditures, irrespective of the technological intensity of the industries in

1 See, for example, E. Appelbaum, “High tech and the structural emhich the reductions occurred. Other studies of defense-dependent indus-
ployment problems of the 1980s,” in E. L. Collins and L. D. Tanner, ed¥igs have been carried out primarily in the fields of economic geography
American Jobs and the Changing Industrial B&Sambridgewa: Ballinger ~ and regional development. For example, both Annalee Saxenian (“The gen-
Publishing Co., 1984), pp. 23-4R:chnology, innovation, and regional eco-esis of Silicon Valley,"Built Environmentyol. 9, no. 1, 1983, pp. 7-17)
nomic developmenP. Haug's two articles, “U.S. high technology multinaand R. W. Wilson, P. K. Ashton, and T. P. Egam¢vation, Competition,
tionals and silicon glen,Regional Studiesvol. 20, 1986, ppl03-16, and and Government Policy in the Semiconductor Indu@itexington, ma,

“The location decisions and operations of high technology organizationd-gxington Books, 1980)) documented a rise in Federal research and pro-
Washington State,Regional Studiesvol. 25, pp. 525-41; An assessmengurement spending for experimental electronic devices during the Cold
of U.S. competitiveness, D. Lyons, “Agglomeration Economies Amondar that was concomitant with the development of the microelectronics
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Riche, Hecker, and Burgan, “High technology today and tomorrow” all egomputers, and communications equipment for the military. Markusen, Hall,
amined employment in computer and data-processing services, along @itd GlasmeierHigh-Tech Americaresearched the post-World War 11 ef-
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tanks and tank componentsc(3795). The Division then adjusts the aggreturing has been virtually uninterrupted since 1964. (See Stephen Hefiler,
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miscellaneous chemical productsc(289) and communications equipmentduction worker data were unavailable for 7372.
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sions, our distinction between defense-dependent and ciRitiprintensive  Educated Workers in Implementing New Technolod3gview of Econom-
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16 Dale Whittington,High Hopes for High-TeckChapel Hill,nc, Uni-  versity Press, 1993).
versity of North Carolina Press, 1985). 2 See three papers presented at a conference titled “The Effects of Tech-
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