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High-technology employment:
a broader view

High technology employment, 14 percent of total employment,

IS projected to grow much faster than in the past due to employment gains
in high-tech services and among suppliers

to computer and electronic components manufacturers

dustry developments are tracked closelgludes all employment in industries defined as high

in the United States and abroad and tHechnology. The second category includes employ-
implications for productivity, international competi-ment in non-high-tech industries, generated by the
tiveness, national defense, and the general standgutichases of goods and services by high-tech indus-
of living are of increasing interesfThis statement, tries for use as inputs to their production processes.
presented in a 1983onthly Labor Reviewrticle, This high-tech-generated employment is included
is still true, as is clear from a number of recent préecause it, like employment in high-tech industries,
nouncements. For example, according to the tegg-derived from the demand for the goods and ser-
mony of Alan Greenspan, Chairman of the Federdgices produced by high-tech industries.
Reserve Board, dramatic improvements in comput- The third category is an effort to account for the
ing power and communication and informatiosubstantial high-tech activity in industries that do not
technology are resulting in higher rates of produgualify, based on generally accepted criteria, as high
tivity growth and higher real wages, and are helech, or are not suppliers to high-tech industries.
ing to control cost3Also, a 1998 National Sci- While itis not possible to identify all employmentin
ence Foundation report describes the successhigh-tech activities, it is possible to count employ-
U.S. high-tech industries in foreign market©ther ment of all scientists, engineers, and technicians—
recent publications report that biotechnology igorkers who create and apply new technologies—re-
revolutionizing medicine, agriculture, and environgardless of their industry of employment. This cat-
mental fields; miniaturization and new materialegory, therefore, includes all scientists, engineers,
are likely to bring major changes in manufacturand technicians in non-high-tech industries, except
ing, and automobiles are incorporating even mofer those already included because of employment
advanced technolodyThese developments, whichgenerated by purchases of high-tech industries.
suggest that high technology is creating many jobs Based on this concept, this article identifies the
in the economy, prompted this review of employaumber of workers employed in high-tech activities
ment trends. in 1996. It also shows high-technology employment

Three previously published articles in tRe- in 1986, its projections for 2006, and its growth over

view presented definitions of high-technology inthe 1986-96 and 1996-2006 periods. Because high
dustries and occupations and analyzed employméeeh is often depicted as a source of “good jobs,”
trends and projectiof8ased on current data, thisnformation also is presented on earnings in high-
article updates the lists of high-tech industries uségth industries and occupations. Much of the data in
in those articles. It also uses an expanded concéipt analysis is based on information developed by
of high-tech employment consisting of three casts in producing the 1996-2006 employment pro-
egories. The first category, similar to the earligections. Those projections are published in a series

I I igh technology enjoys high visibility. In- concept used by the Bureau of Labor Statistics, in-

18 Monthly Labor Review June 1999



of articles in the November 1997onthly Labor Review. pational groups and detailed occupations: engineers; life and
physical scientists; mathematical specialists; engineering and
Definitions and data science technicians; computer specialists; and engineering,
scientific, and computer managers. Individuals who are em-
The term “high tech” is used very broadly to describe nployed in these occupations are collectively referred to as tech-
only industries, but also occupations and products. Thereddogy-oriented workerS. Workers in these occupations need
fairly wide agreement on the general characteristics of high-depth knowledge of the theories and principles of science,
technology industries and the criteria for developing lists ehgineering, and mathematics, which is generally acquired
such industries. A good example is a document from the Céimough specialized post-high school education in some field
gressional Office of Technology Assessnfdihtdescribes of technology—ranging from an associate degree to a doctor-
high-technology firms as those “that are engaged in the dée. Some technology-oriented workers engage in research and
sign, development, and introduction of new products and development to increase scientific knowledge, or to develop
novative manufacturing processes, or both, through the sgsducts and production processes. Other technology-oriented
tematic application of scientific and technical knowledgeworkers apply technology in other work activities, such as in
This document also points out that high-technology firms tyglesign of equipment, processes, and structures; computer ap-
cally use state-of-the-art techniques, and, in terms of quaptieations and systems development; sales, purchasing, and
fiable resources, such firms devote a “high” proportion of ertarketing; productions and operations; and management and
penditures to research and development and employ a “higldministrationt
proportion of scientific, technical, and engineering person- Occupational Employment Statistics survey data were used
nel. A National Science Foundation report on science and teichthe analysis. This survey provides data on occupational
nology resources also refers to the employment of scientigtsiployment of wage and salary workers by industry. It cov-
engineers, and technicians and measures of research anédeall industries except agriculture (minus agricultural ser-
velopment activities as “two of the most important paramices which are covered), forestry, fishing, private households,
eters of innovation,” and uses them “as surrogates for maaed the Federal Government. The survey also provided data
suring the broader concept of innovatién.” on occupational employment of workers in research and de-
Despite general agreement on the concepts of high teedlopment for all occupations defined in this article as tech-
there is no general acceptance of precisely which industniedogy oriented, plus communication, transportation, and utili-
to include, because identifying “new” products or “innovaies operations managers; industrial production mangers; all
tive” manufacturing processes and associated industries is \@her managers and administrators; social scientists; most
subjective. One approach, adopted by the Bureau of the Ceealth occupations; and the residual category all other pro-
sus, uses the judgment of industry analysts to identify prddssional, paraprofessional, and technician occupations. These
ucts embodying new or leading-edge technologies fallimgita were collected for mining, construction, manufacturing,
within 10 advanced technology aréa#\ more widely used communications, public utilities, education, health, and some
approach has been to list high-tech industries based on tileer service industries. Data are from 1993, 1994, and 1995
broad measures of resources used—employment of scientitcupational Employment Statistics surv&ydstimates for
and technical personnel and research and development inteost industries are for the three-digit industry group level in
sity. In this approach, studies specify criteria for these mehe 1987 edition of th&tandard Industrial Classification
sures, such as a specific percent of total employment in sciglanual®
tific and technical occupations and research and developmenkor this analysis, industries are considered high tech if
spending, or both, as a percent of sales or value added. employment in both research and development and in all tech-
dustries that meet those criteria are identified as highttecmology-oriented occupations accounted for a proportion of
This article uses the latter procedure. It uses data on the proployment that was at least twice the average for all indus-
portion of employment in an industry accounted for by scietnies in the Occupational Employment Statistics survey. (In-
tific, technical, and engineering personnel and on the propdustries with employment of less than 30,000 were excluded
tion of employment in an industry accounted for by scientififrom the analysis because of their small size and because data
technical, and engineering personnel engaged in researchamedot available to calculate employment generated by their

development? purchases). Twenty-nine industries, 25 in manufacturing and
4 in the services division, met both critefigSee table 1.)
Identifying high-tech employment These industries have at least 6 research and development

workers per thousand workers and 76 technology-oriented
High-technology occupations are scientific, technical, and emerkers per thousand workers. A subset of 10 high-tech in-
gineering occupations, the same group of occupations usedustries, those with both ratios at least 5 times the average,
define high-tech industries. They include the following occare referred to as high-tech intensive industries. These indus-
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High-Tech Employment

High fechnology employment, 1986, 1996, and 2006
(Employment in thousands)
Employment change i
Employment ploy 9 ZI::L%T
SIC Industry Number Percent wage
1986 1996 2006 1986-1996 | 19962006 | 1986~1996 | 1996-2006| in 1997’
Total nonfarm wage and salary
employment ........ccocccveiiiiiiiiiien 98,727 118,731 136,318 20,004 17,587 20 15 $22,734
Total high technology 14,482 16,366 21,528 1,884 5,162 13 32 —
High-technology industries .. . 8,563 9,307 11,431 744 2,124 9 23 —
High-technology intensive industries..... 4,433 4,549 6,055 116 1,506 3 33 —
281,6 Industrial chemicals 290 263 261 -27 -2 -9 -1 240,976
283 Drugs 208 259 319 51 60 25 23 31,886
357 Computer and office equipment . 469 363 314 -106 —49 -23 -13 37,960
366 Communications equipment .............. 296 269 255 =27 -14 -9 -5 29,494
367 Electronic components
and accessories ... 610 610 700 0 90 0 15 26,187
372,6 Aerospace® . 855 550 596 -305 46 -36 8 438,292
381 Search and navigation equipment® .... 349 161 110 -188 -51 -54 -32 42,661
382 Measuring and controlling devices ..... 312 297 265 -15 -32 -5 -11 30,306
737 Computer and data processing
SEIVICES ..ot 588 1,208 2,509 620 1,301 105 108 40,602
873 Research, development, and testing
services 456 569 726 113 157 25 28 34,882
Other high-technology industries .......... 4,130 4,758 5,376 628 618 15 13 —
282 Plastics materials and synthetics ....... 168 159 145 -9 -14 -5 -9 34,320
284 Soaps, cleaners, and toilet goods ...... 146 154 157 8 3 5 2 26,998
285 Paint and allied products.................... 63 53 52 -10 -1 -16 -2 28,350
287 Agricultural chemicals ............ 54 52 52 -2 0 -4 0 31,824
289 Miscellaneous chemical products ...... 93 93 84 0 -9 0 -10 29,661
291 Petroleum refining .................. . 131 100 80 -31 -20 -24 -20 43,202
348 Ordnance and accessories? 76 48 42 -28 -6 -37 -12 27,248
351 Engines and turbines . 99 84 73 -15 -11 -15 -13 32,885
353 Construction and related machinery .. 224 232 247 8 15 4 6 27,248
355 Special industrial machinery 150 177 175 27 -2 18 -1 30,472
356 General industrial machinery . 234 257 250 23 -7 10 -3 28,392
361 Electric distribution equipment 103 82 68 -21 -14 -20 -17 24,315
362 Electrical industrial apparatus ............ 182 156 122 -26 -34 -14 -22 23,941
365 Household audio and video
EQUIPMENT ..o 82 83 73 1 -10 1 -12 23,546
371 Motor vehicles and equipment ........... 872 963 929 91 -34 10 -4 36,878
384 Medical equipment, instruments,
and supplies .......ccccocvviiiiiiiii 213 268 310 55 42 26 16 26,562
386 Photographic equipment
and supplies .......cccceeeriieniiiin 114 85 65 -29 -20 -25 —24 31,658
871 Engineering and architectural
SEIVICES ..ot 681 839 1,052 158 213 23 25 38.210
874 Management and public relations
SEIVICES ..oviiiiiiiiice 445 873 1,400 428 527 96 60 31,970
Employment in non-high technology
industries generated by purchases ......
of high-technology industries .............. 4,004 4,856 7,488 852 2,632 21 54 —
Employment in technology-oriented
occupations, but not in high-tech
industries or in generated
employment .........cccoeeeiiiicinicne 1,915 2,203 2,609 288 406 15 18 —
! Wage data are for all industries except agriculture (minus agricultural ser-  more than half of employment was defense-related.
vices which are covered) and the Federal Government. Annual rates are hourly ¢ Data shown are for sic 372. Earnings in sic 376 were $43,680.
rates times 2,080 hours.
2 Data shown are for sic 286. Earnings in sic 376 were $37,419. Note: Dash indicates data not calculated.
3 In 1987, the year defense spending reached a post-Viet Nam War high,

tries have at least 15 research and development workersdast on defense spending. In ordnance and accessories, search

thousand workers and 190 technology-oriented workers jp&d navigation equipment, and aerospace manufacturing, de-

thousand workers. fense-related employment was more than half the total in
Employment in some high-tech industries is very depet987—the year defense spending reached a post-Vietham War
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high!® In this article, these three industries are referred toiasluded in the 9.3 million in high-tech industrié$3n addi-
highly defense-related industries. tional 2.2 million technology-oriented workers were employed
Data on employment generated by purchases of high-tecitside of high-tech industries or their suppliers.
industries from supplying industries was developed using the
Bureau'’s input-output model. This model provides informddigh-tech industries.About 5.8 million (or 63 percent) of
tion on the purchase of commodities by each industry as fihe 9.3 million jobs in high-tech industries were in manufac-
puts to its production process. These inputs include raw niaring industries in 1996. High-tech intensive industries ac-
terials and parts and components that are transformed or phgaimnted for 2.8 million jobs in manufacturing. High-tech
cally incorporated into final high-tech products, as well asanufacturing industries accounted for nearly one-third of
supplies and services. The employment data generated byath@manufacturing employment in 1996. High-tech service in-
model include not just suppliers to high-tech industries, kditstries made up a much smaller proportion of employment
their suppliers as well, through subsequent tiers in the phothe services division, 10 percéhtHigh-tech employment
duction procesdData for thesLs model were derived from is fairly concentrated, with the largest 5 of the 29 high-tech
1987 input-output benchmark estimates. Purchase pattanakistries accounting for 4.5 million high-tech industry jobs,
were projected to 1996 and to 2006. nearly half of the total. The following tabulation shows those
five industries and their employment totals:

Employment in 1996 Largest high-tech industries Employment

High-tech employment accounted for 16.4 million wage and

salary worker jobs in 1996 or about 14 percent of all wage Computer and data processing

. . : - SEIVICES ..ottt 1,208,000
and salary jobs in the economy. (See table 1.) High-tech in-\jotor vehicles and equipment
dustries employed 9.3 million workers, 4.5 million of themin  manufacturing ...........ccccoceeeveeeeeeeeeeeeecee e 963,000
high-tech intensive industries. Employment of 4.9 million Management and public
Workers was generated |n non_hlgh_tech |ndustr|es to produce relations SEIrVICES .........veviiiiiiiiee e 873,000

the goods and services purchasedhigh-tech industries. Engineering and architectural

- . ; SEIVICES .ueviie ittt ettt 839,000
(High-tech industries also made purchases from eaph othergjectronic components and accessories
but the employment generated by those purchases is already manufacturing ...........ccccccoveeveveeeeveeeeeeeeeenenn 610,000
I[<[]I-W Employment in non-high-technology industries generated by purchases of high-technology industries, by largest
suppliers, 1986, 1996, and 2006
(Employment in thousands)
1986 1996 2006
Percent change
Industry ~ Percent
Employ- | gank | EMPIOY" | Rank | distiibu- | “TRIOY" | Rank
ment tion 1986-1996 | 1996-2006

Total generated by high-tech industries ................... 4,004 4,856 100.0 7,488 21 5
Wholesale trade ........ccoccoveeiiiiiiiinie e 707 1 889 1 18.3 1,209 1 26 36
Miscellaneous business services .. 157 2 246 2 51 440 3 57 79
Personnel supply services ......... 73 12 238 3 4.9 550 2 225 131
Trucking and warehousing ................ 138 3 192 4 3.9 309 6 39 62
Miscellaneous plastics products, n.e.c. 132 4 189 5 3.9 347 4 43 84
Eating and drinking places .... 109 8 186 6 3.8 319 5 70 72
Metal forgings and stampings ...........ccocceeveennne 131 5 138 7 2.8 116 13 6 -16
Retail trade, except eating and drinking places 62 15 128 8 2.6 176 8 106 37
Industrial machinery, N.e.C. ......cccocvevieiinniennne 118 6 113 9 2.3 81 22 -4 -28
AIr transSpOortation ...........c.eooveereeeneenee e 45 30 88 10 1.8 161 9 96 83
Hotels and other lodging places .........cccoceeieenieenieeninen. 60 16 86 11 1.8 216 7 43 151
CommuNICAtioNS ..........cccorireeeireeen. 82 9 82 12 17 102 16 -1 25
Accounting, auditing, and other services .. 65 14 81 13 1.7 137 11 26 69
Depository insStitutions ...........cccceevvvenieennens 80 10 77 14 1.6 157 10 3 103
Metal coating, engraving, and allied services .. 55 20 76 15 1.6 102 15 39 35
Blast furnaces and basic steel products ... 78 22 75 16 15 69 27 -5 -7
Fabricated structural metal products ........... 47 29 69 17 14 96 19 49 39
Crude petroleum, natural gas, and gas liquids 110 7 69 18 14 48 39 -38 -30
Commercial printing and business forms......... 65 13 68 19 14 98 17 5 45
Iron and steel foundries ........................ 58 18 63 20 13 71 26 9 13
All other iNdUSLEIIES ... 1,633 1,702 35.1 2,682 2 52

Norte: n.e.c. = not elsewhere classified.
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[e[JCRM Output in high technology industries, 1986, 1996, and 2006
(Output in billions of 1992 dollars* )
Output change
SIC Industry Output
Number Percent
1986 1996 2006 1986-96 1996-06 1986-1996 1996-2006
All nonfarm industries ..................... 9,167 11,789 15,252 2,622 3,463 29 29
High-tech industries 1,281 1,988 3,231 707 1,243 55 63
High-tech intensive industries ............ 512 913 1,915 401 1,002 78 110
281,6 | Industrial chemicals 87 89 102 2 13 2 15
283 Drugs 49 74 98 25 24 51 32
357 Computer and office equipment . 26 159 636 133 477 512 300
366 Communication equipment .................. 37 63 101 26 38 70 60
367 Electronic components and accessories 38 141 285 103 144 271 102
372,6|  AEIrOSPACE’......ccevvririerccieeeeieic e 113 94 120 -19 26 -17 28
381 Search and navigation equipment?....... 41 28 31 -13 3 -32 11
382 Measuring and controlling devices ....... 27 43 55 16 12 59 28
737 Computer and data processing services 66 166 403 100 237 152 143
873 Research and testing services ............. 28 56 84 28 28 100 50
Other high-tech industries ............c.ccccc... 769 1,075 1,316 306 241 40 22
282 Plastic materials and synthetics . 40 57 64 17 7 43 12
284 Soaps, cleaners, and toilet goods ........ 36 39 49 3 10 8 26
285 Paint and allied products ............ 14 16 19 2 3 14 19
287 Agricultural chemicals ............. 13 19 24 6 5 46 26
289 Miscellaneous chemical products . 18 22 24 4 2 22 9
291 Petroleum refining .........ccccoooeveeee 125 156 204 31 48 25 31
348 Ordnance and accessories, n.e.c.2....... 8 5 5 -3 0 =37 0
351 Engines and turbines ...........cccccoveeenen. 17 21 26 4 5 24 24
353 Construction and related machinery .... 29 39 56 10 17 34 44
355 Special industry machinery .................. 17 31 34 14 3 82 10
356 General industrial machinery . 28 37 42 9 5 32 14
361 Electric distribution equipment ... 10 12 11 2 -1 20 -8
362 Electrical industrial apparatus .... 17 25 27 8 2 a7 8
365 Household audio and video equipmen 12 15 20 3 5 25 33
371 Motor vehicles and equipment ............. 219 320 372 101 52 46 16
384 Medical instruments and supplies ........ 23 42 59 19 17 83 40
386 Photographic equipment and supplies . 19 22 25 3 3 16 14
871 Engineering and architectural services 70 91 119 21 28 30 31
874 Management and public relations
SEIVICES ...t 54 106 136 52 30 96 28
1 Chained 1992 dollars. See James C. Franklin, “Industry output and  more than half of employment was defense-related.
employment projections to 2006,” Monthly Labor Review, November 1997,
pp. 39-57. NoTEe: n.e.c. = not elsewhere classified.
2 In 1987, the year defense spending reached a post-Viet Nam War high,

Non-high-tech industries. About 18 percent of the 4.9 mil- Techrology-oriented workers. Of the 2.2 million technology-

lion jobsgenerated by purchases of high-tech industsiese  oriented workers employed outside of high-tech industries or their
in the wholesale trade industry. (See table 2.) This indussppliers, about 630,000 were employed in Government (exclud-
includes not just independent merchant wholesalers, but afgp State and local education). The Federal Government ac-
sales branches and offices operated by manufacturers wtanted for about half of this number, 312, 000. Other industries
market their products in establishments apart from theiith large numbers of technology-oriented workers include
plants?* Other industries with large numbers of jobs genewholesale trade, 180,000; public and private education, 139,000;
ated by high-tech industries include the personnel supply smme personnel supply services, 94,000.

vices (primarily temporary help supply services), miscella-

neous business services, and trucking and warehousingEiﬁ.ipbymem trends, 1986, 1996 and 2006

dustries. Miscellaneous plastics products ranks high, largely

because of purchases by the motor vehicle and equipmeéiigh-tech employment increased 13 percent, compared with
computer and office equipment, and electronic componeB@@percent for the economy as a whole over the 1986-96 pe-
industries. Metal forging and stampings and the industrigdd. This accounted for 9 percent of total employment growth.
machinery (not elsewhere classified) manufacturing industri@ee table 1.) During this period, high-tech employment de-
rank high, largely because of purchases by the motor vehidieed from 14.7 percent to 13.8 percent of total employment.
and equipment manufacturing industry and the machinery Rrojections for the 1996—-2006 period show high-tech and re-
dustries. lated employment growing more than twice as fast as employ-
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ment in the economy as a whole (32 percent, compared wdliitectural services—also have and are projected to grow
15 percent). For the same period, high-tech employmenfaster than overall employment in the economy.
expected to account for 29 percent of all projected growth. Cuts in defense spending over the 1986—-96 period caused
In 2006, high-tech employment is projected to account femployment in some high-tech manufacturing industries to
15.8 percent of total employment. decline, and retarded growth in other industffeS.he three
From 1986 to 1996, employment in the 29 high-tech indusost highly defense-related non-Federal industries in the
tries grew slower (9 percent) than total employment growditconomy—aerospace, navigation and guidance instruments,
(20 percent)?? However, over the 1996—2000 period, thesend ordnance and accessories manufacturing—had a combined
industries are projected to increase faster (23 percent), ldss of 521,00 jobs, or a 41-percent decline. The other 26
spite the slowing of total employment growth (15 percent)igh-tech industries grew 17 percent. Defense is expected to
The 10 high-tech intensive industries, which grew only 3 patecline much less over the 1996-2006 period.
cent from 1986 to 1996, are projected to grow by 33 percent.Except for the three highly defense-related industries, em-
Employment generated by purchases of high-tech indygpgeyment in high-tech manufacturing industries, as a group,
tries has and is projected to continue to grow faster than edeclined 1 percent over the 1986—-96 period and a 1-percent
ployment in the high-tech industries. Employment generateéecline also is projected over the 1996—2006 period. Employ-
by purchases of the 29 industries increased by 21 percent fraemt in most of the 25 high-tech manufacturing industries
1986 to 1996. It is projected to grow by 54 percent over thas and is projected to decline, and this is the pattern in most
1996—2006 period. Employment of technology-oriented workzanufacturing industries. Noteworthy is the decline in com-
ers not included in the industry data increased by 15 perceater and office equipment manufacturing, “an industry that
from 1986—96 and is projected to increase by 18 percent frorany regard as havidmegunthe ‘high tech revolution’ of the
1996 to 20063 1970s and 1980<¥ The only high-tech manufacturing in-
dustries with employment growth faster than that for the
High-tech industries. Almost all growth in high-tech indus- economy overall are health-related drugs and medical equip-
tries is in the four service division industries that are consiatent, instruments, and suppliés.
ered to be high-tech. Employment in computer and data pro-
cessing services and management and public relations BlEm-high-tech industries Employmentgenerated by pur-
vices roughly doubled from 1986 to 1996. Over the 1996hases of the high-tech industriess grown and is projected
2006 period, computer and data processing services is poggrow much faster than that in the high-tech industries, them-
jected to double again, while management and public redalves. Such employment makes up roughly half of all high-
tions services is projected to grow by 60 percent. (See tatgleh job growth. Most generated employment growth, both
1.) The other two high-tech service industries—research, gast and projected, is caused by the purchases of just two
velopment, and testing laboratories and engineering andiadustries—computer and office equipment and electronic
components and accessories manufacturing. These industries

|(I-¥'M Median annual wages of wage and salary workers gccouqted for 57 percent of growth generated by h|gh_—tech
in selected technology-oriented occupations, 1997 |  industries between 1986 and 1996 and 88 percent of projected
Median 1996-2006 growth. Purchases grow rapidly to support the
Occupation wages several-fold increase in computer and office equipment and
in electronic component and accessories output. (See table
All 0CCUPALIONS ... S e s22734 | 3.) Most supplying industries, such as wholesale trade and
E”ﬂggﬁ:rg‘rgsv mathematical, and natural sciences 0675 miscellaneous business services, have relatively modest im-
Electricsl and";{_.;C';;ggig;‘;'ng,'i'g,;g;g'_' """""""""""""""""" 59155 provements in labor productivity, so rapid growth in output to
Mechanical engINEers .........c..oocve. 50,606 supply the computer and components industries results in rapid
Computer engineers .........ccccvvvveveeninienienns 58,386 . . .
Systems analysts, electronic data processing «.............. 49,899 employment growth. For the other 27 high-tech industries com-
OF;echfg'Ot“; ;”dufgrstems researchers and analysts, 4075 bined, output growth is about the same as that for the total
Bio|og_i£’a| Sciepmistg"_ """""""""""""""""""""""""""""""""""""""" 43701 economy, and the employment they generate grows slower
Chemlgts ................. B IS RSP RS 43,971 than the average for the total economy
Geologists, geophysicists and oceanographers ................. 52,395
Computer support SPeCialists ........cccoccevriierieiiieneeeenens 35,895
Electrical and electronic engineering technicians
and teChNOIOGISES .....cveveviiiiieiec e 34,237 |-||gh tech h|gh pay
Chemical technicians and technologists ............ccccceveeennen. 29,994 ’

Norte: Data are for all industries except agriculture (minus A number of studies have stated that hlgh'teCh JObS are well
agricultural services which are covered) and the Federal Government. Annual paid?7 It C|ear|y is the case for the industries and occupations
rates are hourly rates times 2,080 hours. . . . . . . .

_ ! - in this study. Median wages in every high-tech industry in

Source: Occupational Employment Statistics Survey. X . X

1997 exceed the median for all industries. (See table 1.) In
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I[c[] XM Varying definitions of high technology

(Xindicates included in definition)
BLS studies of high technology Other studies of high technology
A broader view, Another view, Today and tomorrow,
1999 1991 1983 .
Emerging | . SCIeI‘:jCé High
digital Airond an rooh
. High- econom states engineer- ec
High- | yoch | Levelsl Yl 30 in America
Levell | Group| | Group Group llI 18 oy . Ing g
sic Indlustry tech | jnten- | andll P P PT 1 o909 | 1999 |indicators, 1986
sive 1998
Selection criteria
R&D
and Tech- R&D Both Tech-
technology- R&D oriented ) tech- |, Joment| Judgment| R&D oriented
o,ien,eg employment | employ- | SPending| oriented ° ° spending | employ-
employment ment and R&D ment
Number of three-digit
industries, 1987 sict...... 231 212 40 30 48 6 28 314 313 46 29
Industry coverage
limits none none none none none manufac- none digital elec- manufac- | manufac-
turing tronics turing turing
131 | Crude petroleum
and natural gas ............ X X X
162 | Heavy construction,
except highway ............ X
211 | Cigarettes ......cc.cceeeenueene ® X X
229 | Miscellaneous textile
goods X
261 | Pulp mills .... ®) X
267 | Miscellaneous
converted paper
Products ........cccceereennnes X
281 | Industrial inorganic
chemicals?.................... X X X X X X X
282 | Plastics materials
and synthetics .............. X X X X X X
283 | Drugs....ccoceerirveeeniineeenne X X X X X X X X X
284 | Soap, cleaners,
and toilet goods ........... X X X X X X
285 | Paints and allied
Products ........cccceereennnes X X X X X X
286 | Industrial organic
chemicals ........ccccceenee. X X X X X X X
287 | Agricultural chemicals.... X X X X X X
289 | Miscellaneous chemical
Products .......ccceeeeeniieens X X X X X X
291 | Petroleum refining.......... X X X X X X
299 | Miscellaneous petroleum
and coal products ........ X X
301 | Tires and inner tubes ..... X
303 | Reclaimed rubber®......... X
324 | Cement, hydraulic .......... X
335 | Nonferrous rolling
and drawing ................. X X
348 | Ordnance and
accessories, n.e.C. .......
351 | Engines and turbines ..... X
352 | Farm and garden
machinery .........cccce..... X
353 | Construction and related
machinery .........cccce..... X X X
354 | Metalworking machinery X X
355 | Special industry
machinery X X X X
356 | Generalindustrial
machinery ........ccccoe.... X X X X
See footnotes at end of table.
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Continued-Varying definitions of high technology
(Xindicates included in definition)
BLS studies of high technology Other studies of high technology
A bro?gl‘?e; view, | Another view, Today and tomorrow, sei
1991 1983 Emgr_ging Cyber c:;r:jce .
High- d'g"ﬁ'\ states | engineer- :'Ie'gn
igh- tech Level | eeonmy: 3.0, ing America
':é%?‘ inten- and Il Levell | Group| | Groupll | Grouplll 1999 1999 indicators| “, 0 ™
sIC Industry sive 1998
Selection criteria
Eﬁz Tech- Both Tech-
technology- R&D oriented | R&D tech- | judgment | Judgment| R&D oriented
oriented employment employ- spending | oriented spending | employ-
employment ment and R&D ment
357 | Computer and office
equipment ... X X X X X X X X X X X
358 | Refrigeration and service
machinery ........cccceeeee. X
359 | Industrial machinery,
N.E.C. v, X
361 | Electric distribution
equipment ... X X X X
362 | Electrical industrial
apparatus ............c........ X X X X X X
363 | Household appliances ... X
364 | Electric lighting
and wiring equipment ... X
365 | Household audio
and video equipment ... X X X X X X X
366 | Communications
equipment ... X X X X X X X X X X X
367 | Electronic components
and accessories............ X X X X X X X X X X X
369 | Miscellaneous electrical
equipment ... X X X X
371 | Motor vehicles
and equipment ............. X X X
372 | Aircraft and parts®.. X X X X X X X X X
374 | Railroad equipment . X
376 | Guided missiles,
space vehicles ............. X X X X X X X X X
379 | Miscellaneous trans-
portation equipment ..... X
381 | Search and navigation
equipment .......c..ccceeeneee X X X X X X X X
382 | Measuring and controlling
devices ......cccooeeniennnen. X X X X X X X X X
383 | Optical instruments
andlenses’................... X X
384 | Medical instruments
and supplies ................ X X X X X X X
386 | Photographic equipment
and supplies ................ X X X X X X X
481 | Telephone
communications ........... X X
482 | Telegraph and other
communications ........... X X
483 | Radio and television
broadcasting ................ X X
484 | Cable and other pay Tv
SEIVICES ..ooveviiiieiiiies X X
489 | Communications services,
N.E.C. ot ®) X X X
491 | Electric services X
493 | Combination utility
SEIVICES ..oovvviriieiiiies X
504 | Wholesale professional
and commercial
equipment®................... X X
See footnotes at end of table.
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I[<[] XM Continued-Varying definitions of high technology
(Xindicates included in definition)
BLS studies of high technology Other studies of high technology
A broader view, Another view, Today and tomorrow,
1999 1991 1983 ; Science
Er:gr_g‘;lrlmg Cyber and High
High- ec:)?]lo?ny si:;:::]es engineer- 1ec.h
High- tech Levels | -0, ing America,
1eS<;:h infen- and Il Levell | Groupl | Groupll | Group Il 1‘I)Ié‘; 1999 indicators, 1986
sic Industry sive 1998
Selection criteria
R&D Tech- Both Tech-
and R&D oriented | R&D tech- R&D | oriented
technology- employment | employ- employ- oriented Judgment | Judgment spending | €mploy-
oriented ment ment | ond R&D ment
employment
506 | Wholesale electrical
gOOdS ..ot X
508 | Wholesale machinery,
equipment,
and supplies ................ X
573 | Radio, television,
and computer stores ... X
737 | Computer and data
processing services .... X X X X X X X X
871 | Engineering and
architectural services ... X X X X
873 | Research and testing
SEIVICES ....oovviririicinn. X X X X X X
874 | Management and public
relations ........ccccceeiins X X X
89 Services, n.e.C. .............. X X X
1 Studies prior to 1987 used the 1977 sic system. and because employment generated by purchases could not be determined.
2 This study combines SICs 281 and 286 (Industrial chemicals) and SICs 372 © sic 303 appears in the 1977 sic only; in the 1987 sic, it is part of sic 306,
and 376 (Aerospace). Miscellaneous rubber products, n.e.c.
® Identified industries at the 4-digit sic, and may not include all constituent 4- 7 This industry appears in the 1977 sic system only. In the 1987 sic, it is part
digit SICs. of sic 384.
* The Organisation for Economic Co-operation and Development industries, 8 Inthe 1977 sic, it was part of sic 508, Wholesale machinery, equipment,
on which the definition is based, may not correspond exactly to sic industries.  and supplies.
oecp combines SICs 372 and 376 (Aerospace) and sic 366 and 367 (Electronics-
communications). n.e.c. = not elsewhere classified.
5 Met the criteria for high technology, but excluded because of small size

10 of the industries (6 within high-tech intensive), wages werem the Occupational Employment Statistics survey. This sur-
more than 50 percent higher than the median for all indw®y collects data on employment of technology-oriented work-
tries. However, industries with the lowest wages, suchas ers and on research and development workers primarily for
365, Household audio and video equipmentsa®62, Elec- three-digit industry groups. Therefore, these selection crite-
trical industrial apparatus were not much higher. Median wagesprovide a measure of average intensity for three-digit in-
in 7 out of the 12 technology-oriented occupations showndnstry groups. However, industries identified as high tech
table 4 were more than twice the median for all occupatiomay have establishments employing few research and devel-
and even for chemical technicians and technologists, the laypment workers or other technology-oriented workers and fall
est paid, the median was about a third higher. short of the ratios used as cutoff poifiisese establishments
also may produce low-tech products. For example, the high-
tech industry, Computer and office equipment manufacturing
(sic 357) includes Office machines, not elsewhere classified
Quality. Standard sources of employment and related déa 3579), which has establishments primarily producing low-
were used to identify and analyze high-tech employmenttéth products, such as paper cutters, pencil sharpeners, and
this article. Nevertheless, these data sources have many dé&dple removers, and it most likely employs few technology-
ciencies when used in this manner. For example, ratios of sriented workers.

entific and technical employment to total employment used Conversely, industries not identified as high tech may have
to measure technologic intensity in an industry were derivedtablishments that individually do meet the high-tech crite-

Data issues
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ria. Obvious cases are Government research and developmastbased on the ratio of research and development expendi-
laboratories, college and university research and developmenes to net sales, and the other combined the two criteria.
laboratories, and personnel supply firms specializing in tecFhe 1991sLs analysis used data on research and develop-
nology-oriented workers. None of these are separately identent employment, then newly available from the Occupational
fied in the Occupational Employment Statistics survey. Holmployment Statistics survéy.More recently, the National
ever, as indicated earlier, the inclusion of all technology-o6cience Foundation used a definition from the Organisation
ented workers within high-tech employment, regardless of fior Economic Co-operation and Developmestdp) which
dustry, at least captures the key technology-oriented workesss based solely on an industry’s research and development
in these activities. spending to value addedoecp experimented with various
other criteria for that study, including employment of all sci-
Judgment. In addition to data quality issues, clearly therentific and technical personnel, but because of the absence of
are judgmental issues that have a bearing on the analysidaté for some countries, it did not use any other criteria, and
high-tech employment. For example, as indicated earlier, the coverage was limited to manufacturing industries. Another
proportion of employment in technology-oriented occupatiostudy, published in 1986, also covered only manufacturing
that was used as the cut off for defining high-tech industriesnglustries®? In that analysis, employment of all technology-
very subjective. Using only scientific and technical occupariented workers was the only criteria used to define an in-
tions as technology-oriented occupations to include in higldstry as high tech. One analyisysthe American Electronic
tech employment also is somewhat subjective. A contentidasociation in 1999, and another, prepared by the U.S. De-
could be made to include many other occupations involvedaartment of Commerce in 1999, relied on judgment to iden-
repairing or operating the products of high-tech industrig#fy high-tech industries, rather than statistical measures of
Although these workers usually require a more limited knoviechnologic intensity derived from survey déta.
edge of technology than do scientific and technical workers,
their work may have more technologic content than maffiye LisT oF 29HiGH-TECH INDUSTRIESUSEd in this study is simi-
workers employed in high-tech industries. In 1996, an ed#r to lists in otheeLs studies. Using the most inclusive list in
mated 2.4 million workers not included in the industry totathe 1983 study would identify high-tech industry employment
were employed in occupations that repair products produé¢ed 996 at 13.3 million, and using the more inclusive list in
by high-tech industries. Half of the workers repaired the otite 1991 study, would put employment at 10.2 million. This
put of the motor vehicle and parts manufacturing industigompares with 9.3 million for the 29 high-tech industries in
Other workers, such as aircraft pilots, telephone operators, #nd study. The 1983 study-definition is 3.9 million higher and
radiologic technologists and technicians operated the outtheg 1991 study is 0.9 million higher than the definition of
of high-tech industries as their primary duty. Workers sellinfggh-tech industries in this study. The 1983 study-definition
high-tech products also are related logically to high tech, batludes several wholesale trade industries, which had 2.1 mil-

available data do not permit a count of them. lion workers in 1996. These industries include establishments
that sell the output of high-tech manufacturers. In addition,
Comparison with other analyses 812,000 were in communications and utilities industries,

534,000 were in heavy construction, and some were in smaller
The industries meeting the definition of high tech in this studlydustries. However, the 1983 study does not include man-
are very similar to those in previoeis analyses and, like theagement and public relations services or ordnance and acces-
othersLs analyses, are more inclusive than most other stugbries. The 1991 definition counts 240,000 high-tech work-
ies. (Seetable 5, pages 24-26.) The Ea8analysis devel- ers in miscellaneous converted paper products, 168,000 in
oped three high-tech industry lists based on different definenferrous rolling and drawing, and 153,000 in miscellaneous
tions?*® One was based on employment of technology-ogtectrical equipment, however, it does not include construc-
ented workers as a proportion of total employment, anothim machinery or electrical distribution equipment. [
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