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ABSTRACT . N
In 1980 1,455,000 persong worked in computer

occupations. Two in five were systems -analysts or programmers; ore in

five was a keypunch operator; one in 20 was a computer service

technician; and more than one in three were computer and peripheral

equipment operators. Employment was concentrated in major urban

centers in four major industry divisions—-manufacturing;‘Services;,

finance, jnsurance, and real estate; and wholesale and retail trades.

Between 1970 and 1980, employment of computer workers more than

doubled. Educational requirements ranged from high school graduates

to those with a college degree and beyond. The shortage of qualified

computer workers is dud to the relative newness of the field, its -

rapidly changing technology, 'and lack of qualified teachers. Overall
employment is expected to increase by nearly one-half from 1980 to

#1990, New technologies that will affect employment are in three major )
areas: hardware, software, and applications. Employment of computer

and peripheral,equipment operators ‘and computer service technicians

is expected to increase, while the demand for keypunch opefrators will
decrease. The shortage of computer personnel is expected to continue,
resulting in higher wages, more job mobility, increased job security, ‘
and greater opportunities. (Appendixes include data tables and a

glossary.) 3}LB) 3 ’
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This bulletin presents the results of a Bureau of La-

bor Statistics study of employment of workers in five

computer-related occupations. It includes information
on education and tramning for computer occupations,
the impact of advancing teckmology on employment
and education, and projected employment requirements
through the 1980’s. The study wgs conducted as part
of the Bureau’s program to provide information about
occupations for use in career counseling and education
planning. ’

The bulletin was prepared in the Division of Occu-

A -7

t
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pational Outlook under the direction of Michael Pilot
Patrick Wash supervised its preparation H Philip
Howard and Debra E Rothstein conducted the re-
search, analyzed the data, and wrote the report Vidella
H. Hubbard prepared_the manuscript \The Bureau is
grateful to the many individuals who provided infor-
mation-fox the study and who reviewed and commented

" on the draft report. .

Material in this publication is in the public donain
and may, with appropriate credit, be reproduced with-

but permission. . N

L]




\

>
Contents >
- ] 1]
, . Page
[} -
Highlights. ................ S R R R RREEE T it i 1
Chapters: . )
1. BIPIOYIMEN . . . oe e et tetunenne et taaaanaassaaateteestttnuiamaieteaeeeesenes 3
" Geographic distribution ... .... Jeveeeeeenanniannns e 3
Industries of concentration ..............00u P 3
Industry trends, 1970-78. .. ... e P PR R 3
Occupational trends, 1970-80 ...... R U 7
2. Bducation and training .. .........coeeeviiriraeiieaaes gorrreveneeneenanaateaaas 11
Curfent requirements ....... e ey e SO 11
Post-employment training ................ J P e 12
%, Current status of education and training . ..........coouiieieerieriiiiaien. e 12
Bvolution of education and training . . ... OV e U DU k)
3. Projected employment requirements .............cooiiins ety 18
Technologxml factorsaffecting growth ........co.oiviiiiiiiiiiiiiiiii i 18
Expected employment growth by OCCUPALION ....viviiuvnrinronrasssnseenans Creeae 22
Expected employment growth by major industry d1v1swn ...................... >....23
JOD OPEMUIES + . v v vvveeeneensvaneiseneraeaseaeauernnsastuestestaatttiannnns 26
Implications of cmploymcnt pro;ecnons ................ P 26 -
Charts:
1. Employment in computer occupations, 1970, 1980, and projected 1990. ............. )
2. Employment of computer workers by industry dmswn, 1970and 1978 . .....cceiiiiinn 5
3. Percent change in employment of computer workcrs ‘and all workers by industry
T division, 1970-78 ...« ouutiiit it e 6
4, Percent change i employment of computcr workers by occupatxon, 197080 ............ 8
5. Distribution of computer workers by occupation, 1970and 1980 .............cccevneen 9
. 6. Number of college programs m the computer sciences by degree fevel, 1966-67,
1973-74, and 1978-T9 ..ttt inet ittt e 16
7. Number of bachelor’s, mastets, and doctoral degrees in the computer sciences,
5 1970-71 through 197879 ...\t utu ittt ie i iiaanis e tieeeaanas 17
8. Employment Pf computer workers’by occupauon, 1970-80 and projected 1990 .......... 19
9. Value of gomputer systems produced by U. S. manufacturers by type of computer,
1974-78 and projected 1979-83 ... .. .t 21
Tables:
Y. Description of duties Of COMPULEr WOTKErS. .. ... .civuuuuniiererrieinneiieirennns 4
2. Employment in computer occupations, 1970-80 ...... ... . ciiciniiiiiiiiieieen 4
3. Enlisted strength in Department of Defense computer specialties, 1971-79 .............. 13
4. Number of college degrees conferred in the computer sciences by degree level and
curriculam, 1970-71 through 1978-79 ... .. .. Peerieereeieen P A 14
5. Assotiate degrees conferred in data processing technologies, 1971-72 through
BT 725 L T R R R PR RPRERR 15
6. Total enrollments and completions in public and private voeatxonal programs,
U 70 2% 1. S R R R R R 15
7. ’ 22

Employment in computer occup&txons, 1980 and 1990 ........ erneebiesaeaaaeas e
_/




: : , ;
|
1
Contents—Continued .
b 3
Page
P . 8. Employment in co'mputcr occupations by industry division, 1978 and projected 1990 . .... 24
2. Projected average annual job openings in computer occupations, 1980-90 .............. 26
Appendixes: ) ' - N
A . Methods..................... O e it i L 27
B. Industry distribution of computer employment by occupation, 1970, 1980, and
projected 1990 . ... ... S I 29
© C. Census occupational tiIes . ..o ...uuuure i T 39
D. Glossary of computer terms. /....;...... L e 40

-




—

-RIC

Aruitoxt provided by Eic:

\

N\

The use of computers has become widespread in oir

society. . .

* The number of computer systems has risen dramatically

in the last decade. In 1980, more than 600,000 computer ,

systems were in use, compared with only about 100,000
in 1970, The number is expected to continue to increase
rapidly through tHe 1980's.

o At first limited to only a few industry apélicatiops,
computers are now used in many indusiries. New
applications are expected in the years ahead as rapid
access t% information becomes’ increasingly important.

»

The computer occupations are expected to be the most

rapidly growing in the economy over the next decade.

* Employment in computer occupations is expected to
rise from 1,455,000 in 1980 to 2,140,000 in 1990, an
increase of 47 percent (chart 1). This is nearly three
times as fast as the expectetl rate of growth for all
occupations in the economy.

’ v

o Systems analysts are expected to increase from! 243,000’

to 400,000, or by 65 percent. . .

* Programmers are expected to increase from 341;000 to
500,000, or by A7 percent. '

» Computer -and penpheral “squipment operators are
, expected to increase from $22,000 to 850,000, or by(63
Tpercent. i o~ y T

« Keypunch operators are expected to decline from
266,000 to 230,000, a decrease of 14 percent.

*

'
« Computek service technicians are expected to-increase s
from 83,000 to 160,000, or by 93 percent. -

~

-
The increasing sophistication and complexity of com-

puter operations will require workers with more and better

training. ‘

 Education and training for computer occupations have
not kept up with needs. !

_* If future, needs for trained computer personnel are to

" bé met, major improvements are required in at least
two areas— attracting qualfied teachers and
standardizing program content.

o Despite current shortcomings in education and training,
improvements have been made. The number of
computer degree programs is sncreasing rapidly, and
there 1s a 'strong trend toward infusing computer
training into curnicula besides computer,_science

Advances in all major areas of computer technology will

. supply the user with more computer capability per invest-

ment dollar.

. » Hardware—Advandées 1n microprocessor technology
have stimulated the development of smaller, more
efficient, and less costly computer equipment. Newer
hardware is expected to have a significant impact on

omputer employment. . -

o Software—The  development  of  easier-to-use
programming languages and packaged ‘programs is
expected to continue. These developments, along with
the trend toward incorporating systems programming
functions into hardware, will permit more direct
interaction between the user and the computer, and in
some cases may simplify pregrammer job‘duties.

o Applications—The number of applications made
practical by hardware and software advances will make
the computer accessible to more users. This "ﬁéreascd
use due to new applications will be the most significant
factor causing rapid growth in computer cmploymcfn
over the next decade.
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This study discussés-employment in five computer
occupations: Systems analysts, programmers, computer
and peripheral equipment operators, keypunch opera-
tors, and computer service technicians.' Although a
wide vanety of other workers, from engineers to sales
clerks, routinely use the computer in their daily tasks,
this report focuses only. on those occupations whose
very existence depends on computers. Table 1 presents
a bnef description of the major job duties for each of
the occupations studied.

In 1980, 1,455,000 persons worked in computer 0cs,
cupations. Two out of five worked witiPcomputer soft-
ware, either n systems analysis or programming. Near-
ly 1 in 5 entgred data as a keypunch operator while 1
in 20 mantaned and repaired computer hardware. By
far the largest single occupation was computer and pe-
nipheral equipment operater, which accounted for more
than 1 of every 3 computer workers in 1980 (tabft 2). )

Geographic distribution

Employment in computer occupations is concentra-
ted 1n the major urban centers where the majority of
companies owning general-purpose computer-systems
are located. The 25 metropolitan areas with the largest
concentrations of general-purpose computers ac¢ounted

@g;bout 56 percent of the total value of these systems

n#978, and the top 100 metropolitan areas constituted
84 percent of this total. '

However, as the use of minicomputers increases and
as distnbuted data processing (DDP) networks become
more widespread, computer systems will become less
concentrated. This trend is expected to result in in-
creased opportunities for computer employment outside
metropolitan éreag.

“

LFifty-five dlffcrcnt?)ccupanom] titles, shown in appendix C, were
subsumed by the Bureau of the Census in the 1970 Census and n the
Current Population Survey f8m 1971 to 1980 under six occupation-
al categories: Computer programmer, computer systems analyst, com-
puter specialist not elsewhere classified, computer and peripheral
equipment operator, keypunch opeérator, and data PI:OCCSSmg machine
repairer. The BLS 1970 industry-occupational matrix paralleled the
Census classtfications. This study, however, combihes two of these

* classifications, systems analyst and computer specialist not elsewhere
classified, because of the similiffily of the work. This study also uses
the term “computer service techinician” in place of the Census title
“‘data prdcessing machine rcpalrj” n order to better reflect the job

duties these workers perform.
rl

ol

Industﬂ:s of concentration -

Although computer workers are found throughout
the economy, 8 of every 10 are in four major industry
divisibns (chart 2).’ In 1978, the greatest concentration,
about 30 percent, was in the services division—primar-
ily in computer programming services, colleges and
universities, and accounting and auditing services The
second largest concentration, about 28 percent, was in
manufacturing, predominantly,in firms manufacturing
durable goods. About 13 percent of all computer work-
ers were in finance, insurance, and real estate, the great
majority of whom worked in banks and insurance com-
panies—orgapizations that have become heavily com-
puterized in order to handle the large volume of trans-
actions. éj'other 12 per%cnt of all persons in computer
occupatigfls worked in”wholesale and retail tradg es-
tablishments. Most of these were concentrated in whole-
sale trade, where firms generally are large and where.
computers have been used for years for inventory and
distribution functions. .

The remaining five major industry divisions ac-
counted for less than 20 percent of computér employ-
medt n 1978. Tragsportation, communications, public
utilitieg, and government employed most of these work-
ers, only 2 percent of all ggmputer workers were found
in miming, construction, ‘or agriculture, forestry, and
fisheries.

3

Industry trends, 1970-78 '
Employmer® of computer workers increased dramat-_
ically over the 1970-78 period, about two and one-half
times as fast as the rate of growth of employment for
the economy as a whole (chart 3) Computer employ-
ment grew rapidly in all industries, even in those that
experienced little or no overall employment growth in
the 1910’s. In manufacturing, for example, total employ-
ment rose only 5 percent between 1970 and 1978, but
computer employment rose 34 percent. /q'
. The growth of computer dccupations is unlike the

v

-

+ usual pattern of occupational growth whereby employ-

ment increases as a result of growth in the industries in
which the occupations are concentrated Employment
of secretaries, for example, has grown rapidly in recent
years, due in large part to the rapid growth of the

?Data on the maustry dlvlgn of computer workers are based on
the 1978 indystry-occupational matrix, the most current matrix avail-
able when thiystudy was prepared.

~




Tabie 1. Description of duties of computer workers .

Occupation

Duties

. B

Cc;mputcr programmers . , . .,

Computer and peripheril equipment
opefgtors. . .. ..... .

) \Kcypunch‘opemors

Computer service technicians

[

f

Z

!

Analyze business, scientific, and engineering problems for application to
.clectronic data processing systems. These workers are classified acco‘r'?mg to
their specialty. In business, they analyze business procedures and problems
such as devélopmcm of integrated production, inventory control, and cost
analysis systems, to refine data and convert them to programmpble form for
electronic data processing. /n scientific and technical aress, they perform
logical analyses.of scientific, engineering, and other technical problems, and
formulate mathématical models of these problems for computer solution.
Systems enginegrs analyze electronic data proces$ing projects to determine
equipment requirements. After determining equipment requirements, they
may plan the layout and implementation of computer systems to achieve
efficient operation. .

. Convert business, scientific, and engineering problems to logical flow charts
for coding into computer language. These workers are classified according to
their specialty. They analyze all or part of a workflow chart or diagram to
develop a sequence of program steps. To do this, programmers must apply
their knowledge of computer capabilities, subject matter, mathematics, and
symbolic logic. They then convert the steps to language that can be processed
by the computer.

»

Computer (console} operators monitor and opérate the control console of

2 computer to process data according to operating instructions. They set
control switches on the equipment, select and load the input and output
units with materials—such as tapes and printout forms—and then clear the’
system and start the equipment. During the run, they observe the machines
and control panel for error signals. Peripheral equipment operators operate
on-line or off-line peripheral machines, according to instructions, to transfer
data from one form to™another, print output, and read data into and out of

* Operate alphabetic and numeric keypunch machines to transcribe data from
source material onto punchcards, paper-or magnetic tape, or cards.

Install, repair, and periodically service computer equipment, following blue-
prints and manufacturers’ specifications. These workers test faulty equipment
and apply their knowledge of electronics to diagiiose defects, They replace
ot repair defective components. On occasion, they consult with customers

/,/whcn planning the layout for installation or in diagnosing system malfunctions.

b

3
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the computer. .
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Tsble 2. Employment in computsr occupstions, 1970-80°

Year

Totsl

Sy:;cfm
nmly:p

Programmers

Compyter snd
peripherasl
equipment
operators

Keypunch
operators

~
~Caomputar

service
technicians

676,037
709,000
798,000
803,000
857,000

986,000
1,000,000
1,003,000
1.1b8000 |-
1,352,000
1,468,000

93,200
76,000
88,000
100,000
113,000

140,000
168,000
150,000
182,000
213,000
243,000

4

161,
168,
186,000
187,000
199,000

223,000
229,000
221,000
247,000
321,000
341,000

R

117,222
156,000
196,000
216,000
246,000

296,000
287,000
302,000
393,000
453,000
522:000

272676
290,000
283,000
263,000
249,000

250,000
276,000 - »
280,000
273,000
274,000

- 266,000

31,708
30,000
45,000
47,000
60,000

67,000
60,000
60,000
63,000
91,000
83,000

SOURCE: Buresu ¢f Labor Statistics.
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Chart 2. Employment of computer workers by industry
division, 1970 and 1978 -
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| Chart 3. Percent change in employment of computer workers
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finance, insutance, and real estate sector and the ser-
vices sector, which togethepamploy almost one-half of
all secretaries. As output ‘rms in these sectors €x-
panded, more secretaries were needed to handle the
greater number of support functions. Employment of
computer workers, however, reflects an industry’s
capital expenditures for technology as employers install
computers, to increase efficiency and productivity,
whether or.not their output is eypanding.

Not all industry sectors have Computerized their op-
erations at the same pace. These investment decisions
are based on price and the adaptabihity of computer
hardware and software to the needs of poténtial users.
Prior to 1970, computers were generally limited to or-
ganizations whose size would justify the cost of a cen-
tral mainframe Many manufacturing firms, banks and
insurance companies, wholesalers and large retailers,
and colleges and universities maintained their own com-
puter for batch processing of personnel records, pay-
roll, mventory, and records of student enrollment, to
list just a few standard applications. In addition, proc-
ess control computers were applied to industrial proc-
esses that already had a high degree of control, such as
steelmaking, petroleum refining, chemical production,
and electric power generation. Organizations that could
not afford to operate their own computer systems con-
tracted with computer services firms to meet their data
processing needs. Many others stayed completely out
of the computer market. ’

Technological advances during the 1970°s presented
potential users with an array of more efficient and more
flexible hardware and software at steadily falling prices
that made 1t cost effective for a growing number of or-
ganizations to nstall a computer. More affordable main-
frames, highly efficient minicomputers, small business
computers, and a greater variety of software packages

4

all contributed to the explosion 1n computer employ-

ment during the 1970’s.

As previously noted, employment of computer work-
ers m manufactyring firms grew almost seven times as
fast as overall Iindustry employment as smaller manu-
facturers installed less expensive mainframes and many
others adapted computers directly to the production
process. One technique that developed over the period
was the utilization of minicomputers 1n distribufed data
processing networks throughout a plant to enable work-
ers tq better control operations such as the flow of raw
matenb:; and the precision measurement of manufac-
tured items.

Computer employment in the services sector grew
almost three times as fast as total industry ‘employment
as computer equipment became more affordable{ Em-
ployment of computer workers grew rapidly in the
types of establishments that already were computerized
by thé beginning of the decade—colleges and umversi-
ties as well as firms providing accounting, ayditing, and

1
"

: &

computer programming services Even more rapid em-
ployment grow th occurred 1n hospitals and other health
services and in muscellaneous business services Com-
puter employment 1n health services increased as more
flekible computer systems were increasingly adapted to
medical diagnosis and patient care Firms providing
business’management services, those doing commercial
research and development, and private employment
agencies were three of the more sigmficant sources of
growth 1n computer employment during the 1970%
These and other types of relatively small service firms
were able to suc cessfu]l), incorporate small business
computers into their operatlon

Computer employment in wholesale and retail trade
grew more than twice as fast as total industry employ-
ment as wholesalers installed distributed data process-
ing networks to give themselves better control over
their inventory and distribution functions Employment
in retail firms increased even faster as single-store op-
erations installed a small business computer to handle
their inventory and other business rgcords and retail
chains nstalled point-of-sale terminals linked to a cen-
tral computer. Finance, insurance, and real estate expe-
rienced relatively moderate gains 1n computer employ-
ment between 1970 and 1978 This reflected the rela-
tively slow growth of the insurance industry, which
accounts for about one-third of total employment in
this industry division, and the fact that operatlons in
the insurance industry already had.been 1argely com-
puterized prior to 1970. Ths left only modest gains to
be made in the 1970’s.

Computer employment in government grew more
than twice as fast as total government employment
throughout the 1970%s. This reflected the slower than
average growth in government during this period, and
the increasing use of computers to manage the enor-
mous amount of récordkeeping that government pro-
grams require. Growth of computer occupations was
strongest 1n State and local governments, where gov-
ernment employment growth was concentrated

The smallest increase in computer employment oc-
curred 1n transportation, communications, and public
utiliies. These are large, centralized industries that
could afford the larger, more expensive computer Sys-
tems available prior to 1970. It should be noted, how-
ever, that even this relatively modest increase exceed-
ed the average growth rate for all occupations

Computer employment in agriculture, forestry, and
fisheries; mining; and construction combined increased
faster than 1n any other sectors as the relatively smail
firms in these indudtries made substantial use of small-
er, less expensive computer systems -

Occupational trends, 1970-80
Employment of computer workers more than dou-
bled between 1970 and 1980, grgwing from 676,000 in

12
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Chart 4 chent change in employment of computer workérs
by occu‘patlon 1970-80 ;
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1970 to 1,455,000 in 1980. This was nearly five times
the average rate of growth for all occupationps in the
economy. - .
Technological advances and changes 1 methods of
operation have resulted in vastly different rates of
growth among the individual 'computer occupations
(chart 4). All of the computer occupations except key-
punch operators grew much faster than the average for
all occupations. Programm:y employment, for example,
mncreased by about 111 percent, and employment of
systems analysts increased by 161 percent, as industries
in all sectors sought to dgvelop and refine apftware for
an increasing number of applications. Decreasing hard-
ware costs ard the resultant nse in the ameount of com-
puter equipment 1n use contnbuted to a 162-percent in-
crease 1n the pumber of computer service technicians.
The largest increase, however, was for computer and
penipheral equipment operators. whigse employment

3

10

grew three and one-half umes 1n respanse to the rap?'d
increase in the number of computer systems m use. Em-
ployment of keypunch operators declined 2 percent as
more efficient forms of data entry were developed.
The differing rates of growth expenenced by the in-
dividual computer dccppations signficantly changed the
distribution of computer employment by 1980 (chart 5).
Keypunch operator, for example, was the largest com-
puter occupation in 1970, with about two-fifths of total
computer employment. As technological innovations
made their functions less important, their propurtion of
employment fell to less than one-fifth in 1980. By con-
trast, computer and peripheral equipment uperators—
who constituted less than one-fifth of computer em-
ployment 1n 1970—grew to becom¢€ the largest of these

.occupations in 1980, representing over one-third of all

computer personnel.
v




Chapter 2. Education " R
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Current requirements

Educational requirements for computer workers
range from high school to a college degch’and beyond.
The most professional computq work, which involves
systems design and analysis and systems programmmg,
generally 1s done by pefsons having 4 years or more of
college tramming. The middle range of computer work,

-

involving scientific and complex business applications
. programming as well as equipment maintenance, 19-3

typreally performed by those with training from a 2- or
4-year gollege or from a program operated by a com-

" puter vendor. The work requiring the 12ast formal ed-

ucation involvesbasic applications programming, equip-

) ment operat)6n, and keying functions. This work is usu-

ally carried out by high school graduates, many of
whom have received some formal training from a.pub-
lic or private school or on-the-job training from a com-
puter manufacturer or other source.

Regardless of educational level, however, the
desirable qualifications for programring and sysr%q
personnel are a background in computer science and
data-processing-related subjects and a knowledge of the
business the computer operation is serving. Education-
al requirements for the individual computer occupations
are as follows:

A

Systems analysts. A bachelor’s degree—including
courses in computer science—generally is the minimum
educational requirement. However, the type of degree
employers prefer depends on the type of work done in
the organization. For a job with a bank, insurance com-.
pany, or business firm, a college degree in accounting,,
business, economics, or information systems is appro-
priate. For work 1n a scientific or technical organiza-
tion, applicants need a degree in the physical sciences,
mathematics, engineering, or computer science. In ad-
dition to the bachelor’s degree in a suitable field, some
employers prefer applicants to havé Telated work
experience. {

Some employers require systems analysts to have a
graduate degree. A growing number of employers seek
applicants who have a degree in computer science or
information systems. Regardless of college major, most
employers look for people who are familiar with pro-
gramming langudges. Courses in computer concepts,

n

fer good preparation for a job in this field.

In addition, most employers prefer applicants who
have some experience in computgr programmmg Be-
cause of the importance of programming expenence
many who begin as programmers are promoted to an-
alyst trainees. Employers, computer manufacturers, and
colleges and universities offer formal training in sys-
tems analysis.

Because technological advances occur so rapidly in
the computer field, continfious study is required to keep
skills up to date. Usually employers and “software”
vendors offer 1- and 2-week courses. Additional train-
ing may come from professignal development seminars
offered by professional computing societies

An indication of experience and professional compe-
tence is the Certificate in Data Processing (CDP), con-
ferred by the Institute for Certification of Computer
Professionals upon candidates who have completed 5
years’ experience and passed a 5-part examination

Programmers. There are no universal training require-

ments for programmers because employers’ needs vary. ,

Most programmers are college graduates; others have
taken courses in programming to supplement their ex-
perience. Firms that use computers for scientific or en-
gineering applications usﬁlally require programmers to
have a bachelor’s degree with a major in computer sci-
ence and a minor in'a physical science Somie of these
jobs require a graduate degree Although some employ'-
ers who use computers for business applications do not
require a college degree, they prefer applicants who
have had courses in data processing, agccounting, and
business administration.

Public and private vocational schools, community
and junior colleges, and universities teach computer
programming and data processing Instruction ranges
from introductory, courses to advanced courses at the
graduate level. High schools in many pargs of the coun-
try also offer courses in computer programming.

o An indication of experience and professional compe-
tence at the senior programmer level is the Certificate
in Computer Programming (CCP), conferred by the In-
stitute for Certification of Computer Professionals upon
candidates who have passed a 5-part examination

systems analysis, and data base management systems of-'/COmputer serwce technicians. Employers usually re-
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quire applicants to have 1 to 2 years of post-hugh school
traifiing in_basic elevtronics or electncal engineering
from a eomputcr school, technical nsutute, jumor cof-
lege, or 4-year coHege. A few technuclans are trained
v through apprenticeship programs. Electronics training
in the Armed Forces also s gxcellent preparation. Gen;
erally, 6 months to 2 years of on-the-job expenence are
required before newly hired technicians are considered
competent to work independently on more complex
systems. High school courses in mathematics, chemis-
try, and physics are considered good preparation. Com-
*thunication /Skl“S also are important. ,

Computer operating personnel. Hg ' school gradu;ngn
is the mimimum educational requirement for computer
operating Jobs such as keypunch operator, auxihary
equipment operator, and console operator Many em-
ployers prefer console operators who have some com-
mumty or jumor college education Beginners usually
are trathed on the job, the length of training varies
Auxlhary cqulpmcnt operators can learn their jobs in a
few weeks, but console operators require several months
of trammg before they are sufficiently familiar with the
equipment to be able to trace the causes of bregkdowns.
Formal computer training 1s desirable because most
employers look fo’ applicants who already are skilled
in operating data ‘entry equipment or computer con-
soles High schools, vocational schools, computer and .
business schools, and commumty and’ junior colleges
" offer this type of computer training. Computer vendors
1/ also offer structured training programs for many of ’
these workers. "

Post-employment training

With the rapid changes in computer equipment and
technology, there 1§ a great need for continuing educa-
tion programs for computer personnel. The extent of
Job-related supplementary tramning varies widely. Some
employers have regularly scheduléd, in-depth training
programs in areas such as computer languages or data
proccssmg operations. Others provide this type of train-

only when changes are made in computer proce-

durd"or equipment. Many tompanies also maintain a

twition refund plan or pay for employee attendance at

v professional seminars. Regardless of the type or length
of tramng, 1t 1s usually paid for by the employer.

The most common types of supplementary training
include computer vendors’ course offerings, in-house
training programs, on- -the-job training, professional sem-
inars, and reimbursement for college, correspondence,

, and vocational school courses. The length of post-em-
ployment training ranges from a few hours to more
than | year, but tramning usually is completed in 1 to
12 weeks—with the higher level complter jobs gener-
ally requiring the more engthy training.

Among computer Oc,cupatlons, systems analysts most

&
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frequently take computer science courses as well as sys-
tems, programmng, and management training Pro-
grammers usually train 1n programmung languages and
techniques and, to a lesser extent, in systems analysis
and design. Training for cumputer service technicians
often involves computer electrunics and related courses.

, Console, peripheral equipment, and keypunch opera-

tors train 1n data preparation, production control, com-
puter equipment operation techniques and, oucasional-
ly, Programmmg

Current status of educatior and trainipg

As described 1n the previous sections, farious types
of computer education and training curpently are avail-
able Because uf the relative newngss uf the computer
occupations and the shortage of skilled computer work-
ers, however, some problems exist in training comput-
er personnel )

One major problem that has persisted from the be-
ginning of the computer era is a shortage of qualified
teachers in this field. Educational institdtions find 1t

ry difficult to keep their experienqed teachers or to
attract quahfied teachers because salaries and research
facilities often are not comparable with those offered
by private industry. Many ingfitutions are unable to of-
fer more computer sciencyf courses because there are
not enough instructors,
ortage of qualified teachers and
programs, the number of people receiving college de-
grees in computer science, although rising rapidly, 1s
falling short of employers’ needs. Graduates of pro-
grams in computer science are only filling 1 out of 4
jobs at the bachelor’s level, 1 out of 10 jobs at the mas-+
ter’s level, and 1 out of 4 jobs at the doctorate level.” -

Due to the unique nature of-the computer. field— o

technological advances afd applications are increasing
at a very rapid rate —educational institutions find it dif-
ficult to design and implemer® courses that disseminate
the latest developments in a timely manner. Thus, the
subject matter in similar course offerings from different
schools is not always consistent.

Despite the shortcomings of computer education and
training in its current form, a number of positive devel-
opments have occurred in the bast few years.

One development in computer education is the trend
toward infusing computer training at the college and
university level into other curricula besides compu r
science. For example, most schools now offer comput
er courses m their business and engineering programs.
Furthermore, one college administrator has estimated
that 1 out of 3 undergraduates and 1 out of 2 graduates
now use a computer in their coursework.

In order to make programs more relevant and (9

by States, 1981 (Information Sysfems Consultants)

'John W Hamblen, Corﬁpul?Manpower—Supp/y and Demand—
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encourage consistency among computer cugricula, the
Association for Computing Machinery hasissued revis-
ed recommendations for computer education programs.
These guidelines include detailed course descripfions as
well as recommendations on program organization and
implementation. : .

Steps also have been taken by colleges and universi~
ties to meet the needs of those already in the labor
force. Many schools now offer night courses .in com-
_puter science, most of which are tailored.to meet spe-
cific job requirements. 1 )

Computer vendors and others have refined: their
“canned” learning -programs to meet employers’ needs.
These tourses now cover a variety of computer con-
cepts and practical applications. The programs, which
utihze a number of learning techmques, are especially
useful for occupations with high turnover because they
are self-paced and relatively inexpensive. .
- As the computer becomes more prevalent in all as-
+ pects of our economy, it is increasingly important for
‘people to become famuliar with this tool. Towards this
end, a growing number of high schools are offering

computer educatiorf courses. These provide the student .

with some programming knowledge as well as an un-
derstanding- of the logic of computing, and are,excel-
lent preparation for use of the computer’in any career.
In summary, educating and training enough comput-
er personnel to meet employer’s needs still present a
number of problems. The relative newness of the field,
its rapidly changing technology, and, the inability of
educational institutions to compete for skilled «teachers
have 2ll been contributing factors to the shortage of
qualified computer workers in computer occupationsb
. For a better understanding of the current situation, a
brief look at the evolution, of computer education and
training is provided below. .

Evolution of education and training ,
The dramatic nse in computer use during the 1950’

outstripped the availability of personnel with data proc-

essing skills. As opportunities in the computer field ex-

panded rapidly and the demand for skilled computer
workers increased, many people sought training in this
field. But schools were not yet providing courses in
data processing. The educational system, of course, re-
quired a certain amount of time to develop programs
to meet ghe specific needs of employers. Additionally,
the implementation of educational programs was de-
layed by two factors. First, computers were needed to
provide practical expenence for the student, and this
equipment * was ﬁpohibitively expensive during* the
1950's. Sécondly, the relatively few people who were’
qualified to teach at that time could earn considerablx
more money 1n the business world. ,
As equipment costs gradually declined and as more
instru%tors became available through the 1950’s and
1960’s a growing number of public and private col-
legegf universities, and vocational schools began to in-
cjede data procéssing in their quriculums. Neverthe-
less, the number of graduates with specific training for
computer jobs continued to fall further behind the ra-
pidly growing demand. To fill this widening gap, a
large number of private vacational schools were estab-
lished that offered computer training. Some of these

Nools, however, were criticized for providing poorly

qualified teachers, limited subject matter, and obsolete .
computing equipment.

Thus, the major sources of training in the 1950’s and
1960’s became the computer manufacturers. Many per-
sons trained iri this way acquired only limited skills be-
cause their traiging ually focused on the operating

rocedures for their company’s computer system. Em-
ployees trained in this fhanner, therefore, found it dif-
ficult to transfer or advance to jobs requiring knowl-
edge of different types of computers and related
equipment. -

Computer manufacturers continued to provide train-

. ing as part of the overall computer sales package until -

\the early 1970s. As a result of antitrust settlements,
manufacturers thereafter considered training a separate

( service that required a separate charge Thus, the grow-

ing awareness of computer education costs led many
~ e

‘ .
Table 3. Enlisted strength in Depattment of Defense computer speciasities, 1971.79 4
Total. ADP support
. Year computer ":.?::"' and
4 . specialties administration?
1971 + v v v v v m st s s 31,780 9,168 22,612
1972 + v v v v s v s s 29,691 8,616 21,076
1973 + v v v v v v v e 28,326 8,625 19,801
1974 + v v v v vt s s e ~ 26,736 7,860 18,876
1976 v v v v s s s e 26,238 8,184, 18,064
1976 + v v v s v v v s s s r il 22,843 7,683 15,160
1877 « v v v s v s s v s s s s s s s s 20,760 7,284 13,476
1978 « + v - s v s s s s 20,433 7,363 13,080
1979 « v v v vt s s s s s s s 20,609 7,419 13,090
and SOURCE: U.S. Department of Defense, Defente Man-

§ Includes computar operators, analyata, prog

¢ P
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computer users to look for and closely evaluate alter- » with 2 higher level of specific computer skills. The

native training methods in order to get the most for

their computer education dollar

One alternative for computer users was to train their

own computer personnel These *
\,\\}rogrm generally took place at the user's site and
were tailored to meet the specific needs of the compa-

ny's computer operations The programs wetc usually
-administered by company personnel.or an educational”
services firm, and included instructional tools such as

‘in-house”

training

number of computer information science programs
offered at every degrée level more than doubled over
the period 1966-67 to 1978-79 (chart 6). Bachelor's de-
gree programs expenenced the most spectacular
growth—554 percent. Associate degree programs in the
computer fields grew 225 percent for the period.
Growth 1n master’s and Ph.D. programs was not as
rapid as at the undergraduate levels—reflecting the
strong démand for computer workers and the rising

e
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* S - .
videotapes, cassettes, and self-paced computer manuals.  wages—but the number of programs still increased 162
Another source of training for computer personnel  percent and 117 percent, respectively.
was the Armed Forces Although occupation-specific Along with the growth in degree programs, the num-
data are not available for years prior to 1971, the Armed  ber of persons receiving degrees 1n the computer sci-
Fosces are believed to have been a major source of  ences also increased sharply From 1970-71 10 1977-78,
computer training during the 1950's and 1960's. As may  the total number of bachelor's, master's, and dodoral
be seen 1n table 3, however, the number of military per-  degrees 1n these fields grew from 4,104 1o 12,084—a
sonnel 1n computer-related job specialties declined  194-percent increase (chart 7).'Historical data by g%-
sharply over the 1970'. - gree level for six computer curricula are presented in
) Computer education and training continued to evdlve  table 4.
throughout the decade. In addition to the growing num- The number of associate degrees awarded 1n data
ber of in-house training programs, the number of for- processing technologies fluctuated considerably 1n the -
mal degree programs offered by college’and universi- 1970’s (table 5). The number of associate degrees 1n all
ties increased dramatncall) in response to rising student  data processing technologies fell over the first half of
interest and to requests from’ employers for graduates  the decade, then increased stea/dlly over the remainder ,
< . .
o . .
* ' «
Table 4 Number of coilege degrees conferred in the computer sciences by degree level and curriculum, 1970-71 through 1978.79 /
\ ' Total, Computar Information 1 E Computoﬁlnd
] computer and information Data Computer Systams informatlon
Degres leval and yurv\\ information _sciances, scl:n;:lma‘nd processing programming anslysis "scloncn,
N , o sciences general v P other
8achelor’s: '_ s
197071 .. .. 2388 - | o 1624 177 409 32 88 58
1971.72 3,402 2,451 268 A 504 8 72* 99
197273 . .. . ... 4,304 3,278 233 566 | 14 97 118
1973.74 ... .. 4,756 3,761 338 539 ° 16, |, 54 49
1974.75 5,033 4,127 308 410 5 138 ° 45
- 1975.76 5,652 4,530 493 ag3 | 3 89 54
: 1976.77 6,407 5,229 553 465 - 20 105 |V ., 35
1977.78 . 7.201 5,940 742 395 24 61 39
197879 ... .. .. 8,769 7,350 840 442 56 - tag | 33
Master’'s” & -
197071 . i 1588 1,131 143 - 171 5 88 50 -
197172 .. ., .7 1,977 1,572 142 131 7 110 15 .
197273 .- .. . 2,113 1,627 115 144 0 153 74
197374 . . . 2,276 1,801 198 113 8 124 32
197475 . ..... 2,299 1921 147 114 0 79 38
1975.76 . . . 2,603 2,349 +166 1 0 87 0
197677 . . . . ... 2,798 2,580 © 149 . 6 0 60 3
197778 ... .. 3,038 2,713 234 53 0 30 . 8
1978.79 . 3,085 2,773 183. - 51 0 23 25
Doctorate: * -
1970,71 ... .. .. 126 110 11 .0 0 6 1
197172 . ., 167 145 16 0 0 6 0
197273 ... . . 196 165 17 0 0 qQ 14
197374 . ... ... 198 178 13 0 0 0 7
- 197476 . . . . . 213 1986 17 0 0 0 .0
1975.76 . . . . 244 221 ) 20 0 0 3 0
197677 . . ... .. 216 195 20 0 0 1 0
. 197778 . .. .... 198 183 13 0 0 0 0
1978.79 . .. ... 236 227 9 0 0 0 0
SOURCE U.S. Dapartment of Education, Nationai Centar for Education Statistics.
Q 14 l J
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of the decade. Only two eourses, ::omputer program-
ming and data processing equipment maintenance, reg-
istered any net growth over this period. This reflects
the higher training requirements for programmer train-
ees and computer service technician trainees—some for-|
mal training generally 1s required—than for console and
penipheral equipmemt operators, keypunch Operators,
and related workers. The decline 1n the number, of de-
4 grees n these latter areas reflects the ability of many
Jobseekers to take entry level positions without any for-
mal traning. Some of those who chose to take formal
training may have opted for public or private vocation-
al programs that generally can be completed in less time

’

than an, associate degrefiand at a lower cost

Public and private vocational schools provide anoth-
er source, of training. Because historical data are not
available, it is difficult to determine whether vocatfon-
al schools are growing In importance as a source of
trained computer workers Nevertheless, over 235,000
students were enrolled 1n these schools in 1978, with 9
of 10 enrolled in public vocatiqnal education programs
(tablé 6). The number of persons —58,000—who com-
pleted these programs in 1978 was about 6 times the
number of associate degrees awarded that year, great-
‘ly expanding the pool of jobseekers with at least some
formal training.

' 4
kS - . ' ~o/
>
» D 'ty
. ; - 14 v
Table 5. Alociate dogrn‘ conferred in data processing technologies, 1971-72 through 19%8.79
‘ curricutum H:;S.IS Assoclltodo(gues lwn‘rdod
i / AP € 1971-72 | 1972-73 { 1973-74% 19{4-75 1975776 | 1976.77 | 1977-78 | 1978.79
. , . Total, data processing technologles. . 5100 . 8,971 7,640 6,998 6321 7,176 7,993 9,339 10,833
} . . 5
Data processing t.chnolog'y, general , . ... < 5101 5,669 j3 4,584 4,360 3,921 3,981 4,671 5,095 5,974
Keypunch operator and other’input ] ] .
preparation technology. « « « ¢ ¢ ¢ v o ¢ ¢ o s 5102 402 327 133 . 237 202 131 264 230
Computer programmer technology . . . . . 5103 2,198 2,118 t 2,018 2,199 2,547 2,618 3,368 3,797
Computer operdtor and peripherai .
squipment operation technology . . 5104 431 249 205 240 229 304 263 475
Data Processing squipment maintgnance . .
-~ technology. « « ¢ ¢ v ¢ v v o o S e e e 51b5 104 103 226 179 188 1241 319 299
OUNOr. v v v v v v oo oo ne e e 5199 167 259 . 56 54 21 28 30 8

1HEG|S codes are from the Higher Educ-nlon q.nonl Informa-
tion Survey, see A Taxonomy of Instructional Programs in Higher
Education (U.S. Department of Heaith, Education, and Welfare,

"SOURCE. U.S. Dopanmon&of Education, National Center for
Education Statistics. ~

1970).
«
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Table 6. Total enroliments and complstions in public and private vocational programs, 1977-78

0.E instructional code and title

Public vocational

Private vocational

« 14,0201 Computer and console operator . .

14.0202 Keypunch Operator. . . . « «+ + -« «
. ' 14.0203 Computer progmmmer
14 Q299 Other business data processing . . .

education
Enroliments | Compistions
218,160 45,599
50,666 11,519
83,479 11,165
.84,015 22,915

education
Enroliments | Compietions
18,737 12,188
785 627
7,674 5,171
6,913 4,776
3,365 1,614
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SOURCE U.S. Department of Education, National Center for Education Statistics
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xChart 6. Number of college programs in the computer sciences
by degree level ; 1966-67, 1973-74, and 1978-79 |
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Chapter 3. Projected

Employment Retjuirements
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“Even ffter the spectacular gains registered in the

1970’s, overall employment in the computer occupa-

tions s expected to increase by nearly ope-half from
1980 t0'1990 (chart 8). K

Technological factors affecting growth .
Rapid techinological pfl?;_rcss i\expccted to continye
over the next decade—aflecting the types of comput-

- ers available, computer applications, and the size and

composition of computer occupations. New tecRnolog-

" jes that will affect employment can be divided into three

Q
ERIC
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major areas: Hardware (computer mainframe and pe-
ripheral equipment), software (computer programs and
languages), and applications: These areas are all inter-
related; advances in any one area generally have major
implicatibns for the others. The development of thore
cfﬁc'fnt hardware, for example, can generate a whole
spectrum of new applications. Elements in each of these
three areas that are expected to have a significant’im-
pact on employment in the computer field are discussed
in the following sections.

Hardware. Recent advances in semiconductor tech-
nology have spurred the development of computer com-
ponents that are smaller in size but have greater mem-
ory and more available functions. Jn addition, prices
have declined to the point where hardware costs are
less than computer personnel costs in most data proc-

‘essing department budgets. These technological ad-

vances have led to new types of computer hardware as
weH as'major improvements to existing hardware. Three
major technologies that are expected to have a signifi-
cant impact on computer employment are discussed in
this section: Computer terminals, optical character rec-
ognition equipment, and minicomputers.
Improvements in the efficiency of computer termi-
nals have resulted in a rising utilization of this type of
equipment. The number of installed terminals is’expect-
ed to increase from just over 2 million at the end of
1978 to almost S.iillion by the end of 1983.* Terminals
can be applied to many present computer systems, im-
proving glaent applications or making possible new
applic3tions involving the transfer of data from one lo-

cation to another for processing.
v ’ '
*International Data Corporation, Special Report. Computer Industry
Review and Forecast 1974-1983 (Waltham, Mass.).
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Among the computer J¢cupations, uncreased termi-
nal use will have its greatest im;}aut on keypunch ‘op-
erators. Fewer of these wo s will be needed, as data
entry operations continugeto move from card pungh to

«mnore efficient on-line data entry systems. Airlin %, for
example, routinely use termihals at their ticket sales lo-
cations that are linked by data-sommunications systems
to a central computer. Data are entered directly into

the central computer by #eservation and ticket agents.

instead of keypunch operators who traditionally have
worked at the central computer site. This example il-
lustrates another important*facet of cpmputer terminal
" usage—terminals are expected to haVe\a greater impact
on noncomputer occupations than on computer occu-

pations. As new applications are developed for termi- ]

nals,.more and more workers in noncomputer jobs will
have to adapt to using terminals. Bank tellers and loan
officers, for example, increasingly will operate termi-
nals connected to the bank's central data base, and
newspaper reporters and editors will use terminals in
their, work as well.
ket Qétical character recognition equipment (OCR) pro-
vides another form of computer data entry. OCR equip-
ment “reads” printed information in varioys forms and
translates that information into computer input form.
These machines can enter data into a-computer system
at.a very high speed. This equipment, however, was
slow in gaining acceptance due to its high cost and the
limited number of typefaces it could recognize. Recent
advances in microprpcessor technology have reduced
_the cost of this equipment. Additionally, OCR equip-
- ment gained greater acceptance in the marketplace with
the introduction of hand-held scanners, which have ex-
posed more users to the accuracy and ease of use of
this data-entry technique. )
Although applications for this equipment are still
somewhat limited, an expanded product line that now
includes three types of OCR equipment has contribu-
- ted to the dévelopment.and acceptance of a growing
number of new applications. Each type of equipment,
of course, has applications for which it is best suited.

¢ Page readers can identify characters at various locations

on a sheet of paper. Page readers originally were used -

inthe printing and publishing industries, but applications
now have been developed for other businesses, such as
insurance, where forms are sent in for procu;ing toa

1 ) ~
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' Chart 8. Employment of computer workers by.sgccupatnon,
’ 1970-80 and projected 1990 , ,
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central location from poikls all over the country.

* Document\ readers can recogmze a few lnes of
information‘on a single pass. The major application of
document readers is for billing purposes. Major users
include credit card companies and public utilities..

* Hand-held scanners, which are mainly used 1n
department stores in conjunctiom with point-of-sale
terminals, are passed over an item mangally to pick up
pricing and inventory information Other users include
libraries, where these scanners are used to check. out
books, and businesses, for inventory and production
control.

Although not technically considered OCR "equip-
ment, other forms of character recognition equipment
have gained increased acceptance in recent years. ,

-

® Bar code readers recog,mzc printed verticl bars ¢
varied sizes. This equipment 1s mainly used in grocery
stores to read the Universal Product Code.

* Optical mark readers (OMR) detect the presence or
absence of marks at specific locationson a document.
Their most common aPplication js in educational
testing. Utilities also use this technique for reading
meters.

* Magnetic ink character recognition equipment (MICR)
senses characters printedgin a magnetic ink. The best
example-is found in banks, which use MICR for check

' clearing.
In general, the widespread use of these character rec-

ognition technologies will not have a major effect on

the overall employment of computer workers. The im-
pact on keypunch operators, however, almost certain-
ly will be negative as these data entry techniques in-
creasingly replace card punching.

Minicomputers {(minis) are yet another rapidly grow-
ing techﬂology in the computer field. The value of
minicomputer shipments by U.S. manufacturers is ex-
pected to more than triple between 1978 and 1983—in.
creasing from $3.1 billion to $10.3 billion (chart 9).
These machines, once defined as inexpensive, single-
purpose computers, now encompass a wide range of
capabilities and functions.

Small businesses—relative newcomers to the comput-
er market—will increasingly'use minicomputers as hard-
ware costs continue to decfine and more applications
are developed. Small businesses use minis for general
applications such as personnel administration, invento-
ry control, payroll, and general business planning, as
well as for industry-specific applications such as op-
timizing fertilizer and other crop input requirements
and projecting insect activity in agricultural production.
l Large businesses, especially those with widely scat-

tered field offivgs, such as insurance companies, alsq
will utilize more Ininis—often in conjunction with their
cenffal computer.\These distributed data processing sys-
tems give processihg capab#lities to data users who can
immediately use the information. They permit data en-
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try and manipulation by workers at different locations,
thus increasing the efficiency and flexibility of field
operations.

Increased minicomputer utilization wifl have employ-
ment implications for all the computer occupations. A
greater amount of equipment. in operation can be ex-
pected to spur demand for computer and peripheral
equipment operators and computer service technicians.
More systems analysts and programmers also will be
needed to design systems using this equipment and to
develop programs for the ever-increasing number of
applications. Keypunch operator employment, howev-
er, will b‘e negatively affected as mims increasingly are
used for on-line data entry.

v

Software. ‘Computer software will continue to evolve
rapidly in a number of areas, resulting 1n increased pro-
ductivity for many computer users. These software ad-
vances also will affect specific computer occupations,
especially programmers and systems analysts. While
there will-be continued strong demand for these work-
ers, their specific job duties may be affected. Software
developments also will continue to make the computer
more accessible to workers in such fields as publlshmg
and medicine.

One trend in software téchnology has been the in-
cqrporation of systems programming functions into
computer hardware. If this trend continues over the
next decade, it may curb the demand for some systems
programmers. Overall demand. for programmers, how-
ever, will remain strong—allowing these workers to
shift to other types of programmmg |

Packaged programs are another software pptlon avall-
able to computer users. These programs, which are be-
ing developed for an ever-increasing nymber of appli-
cations, simplify programming operations, reduce pro-
grammer skill requirements, and may require fewer pro-
grammers at a computer site. In some instances, certain
programniing operations may be s:mpllﬁed to the point
where they could be performed by computer operators,
These packaged programs also will permit program-
ming to be done by noncomputer personnel in many
cases. - :

Another promising area for software improvement is
in the development of user-oriented, high-level com-
puter languages. Thus far, research in this area has not
produced all of the desired results. COBOL, for exam-
ple, was a lanéuage 'developed for use by managers in
business apphcgtlons but in practice it has proyed to
be too complex for this purpose. Advances havq been
made in this area, however, that allow noncomputer
personnel to bypass programmers and have d:ree\t ac-
cess to the computer. Table Producing Language
(TPL), for example, now allows noncomputer workers
such as social scientists to use computers in their daily
work Improved hardware and further advanccs in

~D \1
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software technology may lead to the dcvclo;;incnt of
even more high-level languages.

4pp1ic7uion& Increases in the number of applications
will be the main stimulus to computer employment
growth over the next decade Although progre® in
hardware and software technolagy may temper the de-
mand for computer workers at some computer sites,
‘these same technological advances dre ex'pected to bring
the computer within reach of an increasing number of
users. .

Some new applications will be made possible with

the continued development and refinement of new com-'

puter hardware For example, computers can be applied
to point-of-sale operations in supermarkets or depart-
ment stores through the use of computer terminals,

character recognition equipment, and other types of ’

data communications equipient Data communications
networks also will permit traditional computer users to
develop and, implement new comptiter. applications.
Banks, for example, will increasingly use terminals for
electronic funds transfe tems (EFTS).

Along with the intr ion of new hardware, the
cost of computer equip}
in recent years. These rtv Afctions in hardware costs are
expected to continue, allowing more relatively small
orgamzations to utilize computers. These newcomers
wil} use the computer. for traditional functions,.such as
agCounting and inventory control. Additonally, they
will have new, industry-specific applications, creatin
more jobs for computer personnel over the next dec-
ade. Small o1l and gas exploration firms, for example,
are increasingly using computers for such specialized
applications as production statistics, land lease data, and
geologicsand engineering applicat‘ionsq.

New software developments, such as higher level,
easy-to-use languages, will continue to make the’ com-
puter more accessible This will increase the number of
potential computer users,. especially small businesses.
Also, more industries will become tomputerized as
packaged programs are developed for their specific
applications. ) .

As may be seen from the above, hardware, software,
and applications are all interrelated. While hardware
and softwarede&welopments may appear to curb the de-

-

has dropped dramatically

mand for some computer workers due to increased pro-
ductivity, this is only a small part of the overall story.
Far more important in terms of employment impact will
be the expanding number of applications malle pract-
cal by these hardware and software advances. As the
computer 1s made accessible to more users through these
developments, many more computer workers will be
need

Expg¢cted employment growth by occupation

In'general, a greater vanety of applications, advanc-
ing software technology, and more efficient computer
hardware all Tead to a greater utifization of computer
equipment, which will result in a growing demand for
computer personnel over the next decade. Table 7
presents employment projections for each of the com-
puter occupations. Increasing applications and greater
amounts of hardware, for example, are expected to spur
the employment of computer and peripheral equipment
operators and computer service technicians. At the sama,
time, changes in data entry methods will reduce the
demand for keypungh operators. A summary of thg em-
ployment outlook for each computer occupation
follgws ’ '

»
Systems analysts. Employment of systems analysts 1s
expected to increase from 243,000 in 1980 to 400,000 m\\
1990, or by 65 percent.,

The history of computers has been marked by many
unsuccessful attempts to solve problems, redyce costs,
and increase productiyity. A major cause of su¢h failures
has been the lagk of adequate systemrs analysis and de-
s1gn to take full‘ad\antage of computer capabilities. As
she requirements of computer users confinue to esca-
late, they will demand greater efficiency and increased
performance from their computer systems. Similarly,
con;puter.hardw'ﬁre and software advances will increase
computer application possibilities and the compatibility
of equipment from different sources. These advances
also will permut “networking™ or other equipment in-
terrelationships, such as distributed data processing, in
new and existing computer systems. As a result, sys-
Lems analysts, who have alwayS'Fée‘n in great demand,
will continue to be sought to réduce computer systems

3 3

Table 7. Employment in computar occupations, 1980 and projected 1980 . )
' Occupation l 1980 Pr719°9c(tl.d Z::ﬁ;:t

P employment requirements | 1980.90

/ Total,alloccupations. . . . . .. ... s - 1,455,000 2,140,000 47.1 £
»
Systemsanalys®l . . .+ .00 v L. LN 243,000 400,000. 64.6
. Programmers. W NN . . v . v v v v v s s s e s 341,000 500,000 - 46.6 '

Computer end perigheral equipment operetors . . . . . 522,000 860,000 62.8 -
Keypunchoperstors . . . ... .......:... . 266,000 230,000 -13.5 ‘
Computer servicetechnicians . , . . ... ........ 83,000 160,000 928 | . -

["]
¢ SOURCE: Buresu of Labor Statistics.
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problems and develop more sophusticated and complex
computer operations.

Programmers. Computer programmer employment is
expected to graw from 341,000 in 1980 to 500,000 in
1990, an increase of 47 percent. The overall demand
for programmers will increase as less /cXpensive and
more. sophisticated computer hardWare d software
attract new computer users and inCrease the number
and type of computer applications among eXxisting users

More systems programmers will be needed to devel-
op the complex operating programs made necessary by
higher level languages and co plicated computer con-
figurations, as well as to link or coordinate the output
of different programs from different systems. As in-
creasing applications expand the computer market, the
need for applications programmers also will increase,
although not quite as rapidly as in the past as more
people use “canned” programs to process data without
the direct assistance of a programmer. Continuing de-
velopment of programming instructions bilt.into com-
puter hardware, user-onented languages, terminal pro-
gramming by non-EDP personnel, and more standard-
1zedgbftware packages are expected to simplify some
job duties of applications programmers.

Computer and'p.eripheral equipment operators. Employ-
ment of computer and peripheral equipment operators
is expected-to increase from 522,000 in 1980 to 850,000
in 1990, or by 63 percent. The major cause of this

growth 1s the increasing use of computer hardware. The

increased utilization of .distributed data processing sys-
tems, and the concomitant rise in the number of mini-
computers and other types of peripheral equipment, also
will require increasingly large numbers of computer
operating personnel.

Similagly, recent advances in minaturizing circuits
have enabled manufacturers to reduce both the size and
cost of computer components. As the technology is fur-
ther developed, a continued expansion in the use of
compuers is expected, especially by small businesses.
As small business applications increase, many of these
organizations are expected to install their own comput-
er systems, thus generating additional demand for work-
ers to operate the equipment.

Keypunch operators. Employment of keypunch opera-
tors is expected to decline from 266,000 in 1980 to
230,000 by 1990. This .14-percent decrease is the only
projected employment decline among the computer oc-
cupations studied.

Data entry has long been considered a bottleneck in
data processing operations. Cardpunch-oriented data
entry systems in the past have produced slow, error
prone, and increasingly costly performance in many
computer operations. Further, the gap between machine

v

speed and the time required for manual card input has
widened due to advances in internal data processing
capabilities of computers. These problems, along with
expected Increases in the volume of data to be processed,
have spurred technological advances in alternative
methods of data entry. These methods include comput-
er terminals and other forms of direct keying, along
with other data communications input systems Users
are expected to continue to employ these more efficient
data entry methods, thus diminishing the need for key-
,punch operators.

Computer service technicians. Employment of comput-
er service technicians is expected to show the largest
increase of all the computer occupatiohs—growing from
83,000 in 1980 to 160,000 in 1990, or by 93 percent.

The rising demand for computer service technicians
1s related to the growing number of computers in use
and the geographic distribution of these computers.
Continued reductions 1n the size and cost of computer
hardware will bring the computer within reach of ara-
pidly increasing rfumber of small organizationg Asmore
and more of these small systems are installed, the amount
of time technicians must spend traveling between cli-
ents also will increase, further intensifying the demand
for these workers.

Expected employment growth by major industry
division

Although computer employment is expected to grow
substantially in all industries over the next decade, con-
siderable variation is expected. Table 8 presents 1978
and projected 1990 computer employment by major in-
dustry division. The following sections describe the fac-
tors underlying computer employment growth in each
of these industry groups.’

Manufacturing. Computer employment in manufafctur-
ing 1s expected to increase rapidly - by about 70 per-
cent—over the period 1978 to 1990. Because comput-
ers are readily adaptable to manufacturing processes,
this industry division had already made extensive use
of computers by the early 1970's. Over the next dec-
ade, the manufacturing sector will continue to apply
computers to procéss control, quality control, business
forecasting, and management information functions
such as accounting and personnel management. In ad-
dition, more intensive use will be made of existing 8ys-
tems; many of these will require additional computer
personnel. Also, minicomputer systems will continue to
_be developed for specific manufacturing functions, such
as product design and precision measurement. Some of

i
s As ndicated earlier, the latest idustry-occupational matrix avail-
able when this report was prepared presented employment of com-

puter workers by industry for 1978 This section, therefore, describes
cmploymcmc\hzﬂy)l:ctwccn 1978 and 1990
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Tabie 8. Employment in computer occupations by industry division, 1978 and projectsd 1990

Total, el occupations Systsms enalysts Computer programmers
Industry division Percent 1 Percent Percent ™
1878, 1990 change, 1978 1990 change, 1978 1990 changs,
¥ 197880 1978 90 1978-90
Total, ell Industries . . . ., 1,157,883 | 2,140,000 8458 181,988 400,000 1198 | 246,998 500,000 102.4
2
Agriculture, forestry, and fisheries 1,079 1,786 | ' 65.4 45 200 344.0 269 ¢o0 123.0
Minlng . . ... ............ 13,107 24 860 89.7 2,354 5,000 112.4 3,176 6,300 98.4
CONSTrUCHiON * * « « + v ¢ v v v 0 v W 10,213 17.526 71.6 1,423 3,000 1108 2,481 4,500 81.4
Msnufecturin® -+ - - . . . oL, 320,270 562,400 72.5 61,9156 119,600 93.0| 73830 129,000 74.7
Transportstion, communication, and -
publicutlifties. . . ... ... .. 65,505 107,130 635 |. 8,215 17,700 1165 '12,44,5 23,000 848
Whosesale end roteil tradde . . . . ., 141,665 242,000 708 18,782 356,000 86.3]| 19,409 35,000 80.3
Finance, Insurénce, and real estate . ‘462,498 286,900 75.0 14,358 30,100 109.6 | 26,300 51,000 93.9
Services. . . . v . e, 343,769 719,900 109.4 | - 50,800 | 147,500 146.7 ] 84,366 | 204,000 1418
Govetnment. . . .. ......... 116795 207,500 778 21,914 4ﬁ.000 ~491.7| 24,722 46,600 88.56
-, Computsr service Computer and peripheral
. / technicians equipment operstors Keypunch operetors
4 Percent Percent Percent
1978 1990 chenge, 1978 1990 | change, | 1978 1990 change,
197890 1978 .90 \ 1978-90
#otal, el industriss . . 63,001 160,000 { 164.0] 392,993 | 850,000 116.3 272,993 \qg,ooo -15.8
Agricuiture, forestry, end fisheries . 5 10 100.0 337 | . 625 86.5 423 350 -17.3
Mining . .. ... e i e 87 210 141.4 5,397 F 11,650 115.9 2,093 1,700 -18.8
Construction. + . .+ . . . v+ v . 96 200 110.6 3,641 7.725 112.2 2573 2,100 -18.4
Menufacturing. . . . ... ...... 15,914 44,000 167.6 103,093 215,000 108.5| 65518 47,900 -26.9
Trensportation, communicstion, and
public utilities . i'. . .. ... .. 816 1,680 3.6 26,057 62,300 100.7| 17,972 12,550 -30.2
Wholesale and retail trade . . . . . . 18,737 46,000 145.5 44,455 90,000 102.5 | 40,282 36,000 . —10.6
Finencs, nsurence, and real estate . 527 1,300 146.7 69,026 147,500 113.7 | 42,287 37,000 -12.5
Servicss. . . . .. ... 0. 25,132 66,000 162.6 103,647 236,000 127.7] 70814 66,400 ~-8.2
Government.: . . .. .. ..., 1,683 3,700 119.2 37.340 89,200 138.9| 31,031 26.000 -16.2
SOURCE: Buresu of Labor Statistics. '
] ' -
f
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the job functions traditionally carried out by computer
personnel will be performed in the future by engineers,

machinists, and other personnel using minicomputers.
Finally, computer terminals will be used more exten-
sively but will have a mixed impact on computer em-
ployment. For example, terminals are used in wardhouse
inventory control and in research and development.
Some data input will be handled by warehouse person-
nel and research scientists or engineers, decreasing the
demand for keypunch operators. Greater terminal use,
however, should increase the demand for S)fstems ana-
lysts and programmers. Also, the larger amounts of
computer equipment in use will further spur the need
for additionaﬂcomputer service technicians.
Transportation, communications, and other public utili-
ties. This industry division has been intensively com-
puterized since the late 1960’s. Consequently, it is ex-
pected to experience the smallest increase in computer
employment "through the 1980’s, about 65 percent. In-
‘stalling new computers and upgrading present comput-
er systems—especially in the cammunications sector—
will result in sharp employment increases for comput-
er service technicidns, systems analysts, and computer
'progr;mmers. Theudemand for computer and peripher-
al equipment operators also is expected to increase with
the greater utilization of computer terminals. The num-
ber of keypunch operators, however, is expected to de-

cline, partially offsetting the gains registered 1n other
occupations.

Wholesale and retail trade. Computer employment in
wholesale and retail trade is expected to increase by
about 70 percent, less than the average for all industries
through the next decade. During the 1970’s, both
retailers and wholesalers increasingly adopted such
practices as computerized ordering and inventory sys-
tems, as well as integrated point-of-sale credit authori-
zation systems. These applications will gradually extend
to theé smaller establishments in the industry division,
creating iti mand for computer workers.
Employment of systems analysts, programmers, and
computer and peripheral equipment operators will all
increase as small retailers and wholesalers increasingly
computerize their operations. The largest percentage
increase, however, is projected for computer service

- technicians due to the expected growth in the number

of data processing terminals and associated communi-
cations devices. Employment of keypunch operators
will decline as new data are captured at the source by
noncomputer. personnel such as sales clerks, or keyed
in via terminals connecting branch outlets to the organ-
ization’s main data base. .

Finance, insurance, and real estate. Computer employ-
ment in this major industry sector will increase

*
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sharply through the 1980’s—by 75 percent—as more
small and medium-sized companies adopt computer
techmques alreadly widely used by larger firmsin thein-
dustry. Most of this employment increase will occur in
the finance sector. More banks are expected to
automate their teller operations, participatc" in
automated check clearing facilities, and offer 24-hour
banking services through the use of on-line terminals. In
addition, rapidly emerging banking applications such as
electronic funds transferagystems (EFTS) will generate
expansion of computer staffs in financial institutions.
Increased participation in centralized credit checking

and authonization systems will spur the demand for

computer workers 1n credit agencies. Within financg,
the group expected to show the smallest employmemt
gamns are secunties firms. Thesg, firms were extensively
computenzed 1n the 1970’s, with the implementation of
fully automated stock quotation facilities and a national
system for clearing securities transactions.

Although overall employment in finance, insurance,
and real estate 1s expected to increase rapidly, growth
rates for the individual occupations will vary. Employ-
ment of computer service techmcians will increase the
most rapidly, due to the large numbers of terminals,
minicomputers, and other data communications equip-
ment in operation. The demand for systems analysts,
programmers, and computer and peripheral equipment
operators also will remain very strong as the industry
continues to increase the number and types of applica-
tions as well as the volume of computer equipment.
Keypunch operator employment will decline as more
efficient metths‘gf data entry are adopted.

Services.© Services, the fastest growing industry divi-
sion 1n the economy, are expected to show the greatest
increase 1n computer employment through the 1980's,
employment is expectéd to more than double over the
period. An expanding market.for data processing in
hospitals, educational institutions, and, especially, com-
puter service orgamzations will account for most of the
increase. Demand for programmers and systems ana+
lysts will be strong as hospitals continue to computer~
1ze their medical information and communications sys-
tems, as well as automating the services they provide
to patients. Employment requirements of these systems
and of those for medical diagnosis and instruction will
assure the need for computer specialists in hospitals.
Similar growth 1s expected 1n educational services as
more computer-assisted nstructional systems are devel-
oped, library operations such as acquisitions and
cataloging continue to be automated, and administra-
tive tasks including clgss scheduling and maintenance
of student records are handled by computers. Because
many medical and educational applications are expect-
ed to feature direct data entry by users, such as hospi-
tal record clerks or students, employment requirements

-
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for keypunch operators should decline.

The growth of computer service organizations also
will contribute heavily to the overall increase for com-
puter workers n this industry Service firms will con-
tinue to need large numbers of computer and peripher-
al equipment operators as well as more systems analysts
and programmers to design and implement systems for
the growing number of applications for small businessés
and other organmizations At the same time, computer
maintenance companies will need many more comput-
er service technicians to service the increasing stock of
computer equipment Several factors will contribute to
a growing need for contract data processing services
and the resulting demand by service firnds for trained
computer personnel. These sources of demand include
a growing number of applications featuring computer-
to-termunal interfacing or minicomputers, and the grow-
ing populanty of franchised data processing services
that are expected to enlarge the market.

Several other sectors within this broad industry di-
vision will experience growth in computer employment
Hotels, for example, will continue to install computer-
ized reservation systems; and business services such as
accounting, credit reporting, and research will become
increasingly computerized.

Government. Computer employment requirefnents in
government will increase by about 80 percent through
‘the 1980’s, as new information systems are installed and
existing ones expand their capabilities. State and local
government agencies will experience the greatest
growth in computer personnel as their potential
computer applications is realized. Growth4
computer employment will be somewhat slower, but
steady nevertheless, as data processing requirements’
continue to expand.

Currently, most State and local computér systems
have been developed around a single functional area
such as revenue collection and disbursement, payroll,
or medical and insurance information processing. In the
future, however, consolidated systems serving a great-
er variety of information processing needs and using
terminal networks and other data communications tech-
nology will be developed. .

Within government, employment of computer serv-
ice technicians will grow dramatically—keeping pace
with hardware sales and installations. Larger amounts
of equipment in use will also spur the demand for com-
puter and peripheral equipment operators. Require-
ments for programmers and systems analyss, especial-
ly at the State and local level, will also rise rapidly as
law enforcement, voter registration, and traffic-oriented
applications continue to be computerized. Keypunch

_operator employment, however, will decline as more

efficient methods of data entry continue to be utilized
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Agriculture, forestry, and fisheriesAmining, and con-
struction, The number of people employed in the com-
puter occupations in these industry divisions is so small
that accurate employment projections cannot be made.
It is expected, however, that computer employment in
these industries will exhibit the same trends as in the
overall economy.

Job openings

In addition to openings resulting from growth in the
demand for computer workers, many jobs will become
available each year as workers retire, die, leave the la-
bor force for other reasons, or transfer to other occu-
pations. Data on estimated annual job openings between
1980 and 1990 are presented in table fl‘otal openings
for each occupation consist of those rdulting from em-
ployment change in that occupation and those stem-
ming from the need to replaée workers who leave the
labor force for a variety of reasons. Although keypunch
operator employment 1s expected to decline, for exam-
ple, there will be many job openings in this large oc-
cupatian as workers die or retire.

Sufficient data are not available to develop estimates

_of openings resulting from transfers of workers to oth-

:I‘EK
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er occupations. The limited data that are available, how-
‘ever, indicate significant mobility both within the com-
puter field and for computer workers who: transfer to
other kinds of jobs. Programmers, for example, often
advance to systems analyst jobs and many systems an:
alysts become managers. To a lesser extent, a career
ladder exists for computer operating personnel, with
some of these workers advancing to programmer
positions.

Implications of employment projections

The extremely rapid employment growth projected
for the computer occupations will have a significant
impact ofi education and training, wages, and other as-
pects of the labor market for computer workers. Some
foreseeable trends are:

« *The educational system will need to develop more
programs to meet the continually nsing demasd for
computer workers. Additionally, as computer use
becomes more widespread, the trend toward infusing

x

Tabls 9. Projected average annual job openings in computer occupstions, 1980-80

o

computer-related training into more curricula will
accelerate.

* Shortages of computer workers are expected to become
increasingly pronounced in the years ahead. As more
and more workers are required to bring new computer
applications on-line, competition among employers for
skilled computer personnel will become increasingly
intense. Thus, firms are likely to continue using

* aggressive recruiting techniques to fill their computer
staffing requirements.

* The shortage of trained computer personnel 1s likely to
result in a continued escalation of wages for these
workers. Not only will entry salanies be driven up, but
also the salanes of experienced workers in order to
maintain an orgamzation’s internal salary structure.

* The great demand for computer personnel will make
it more difficult to hire and retain workers in
occupations requinng sumlar aptitudes. Math teachers,
‘for example, are being lured away from public schools
by the higher salaries in computer specialties. Colleges
and umiversities also are finding it difficult to compete
with business and government organizations to attract
and retain computer science professors who may earn
less than a beginning programmer. As the continuing
upward pay spiral further discourages graduate study,
schools will find it increasingly difficult to alleviate the
teacher shortage.

* As electronic data processing operations grow in
importance across all industries, the importance of and
opportunities for skilled computer workers also will
increase. Many companies, for example, now include
data processing managers on their executive boards, a
practice almost unheard of a decade ago. As data
processing budgets expand and the coordination of
computer operations becomes more complex,
opportunitigs of this type are expected to become more
Prevalent.

In summary, the shortage of computer personnel 15
expected to continue, resulting in higher wages, more
ipb mobility, increased job security, and generally great-
er opportunities for these workers. At the same time,
this labor §narket imbalance will result in serious prob-
lems for {ployers as they attempt to maintain a jtable
computet?stafT, .

. Total .
’ Occupati '.‘:;:27 Employment Replacemant
ccupation . .
) . openings, change needs .
Y 1980-90
TOtal . o i 93,700 68,600 26,200 |
Systems analysts . . . . .. v e 0 Nve o 19,000 16,700 . 3,300
PrOgrammers. . ..« oo oo s N 20,550 15,900 4,660 .
Computer snd peripheral equipment operators . 41,800 , 32800 9,000 -
Keypunch OPerators . . . « « « s « o ¢ s s a0 0 oo - 3,900 ~-X600 7,600
computer servicatechnicians . . .+ co ¢ o 4 RN 8,460 7,700 , 750

’smmlom from the lsbor forcedue to deaths and retirements.

SOURCE: Bursau of Labor Statistics.
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Apgendix A. Methods

Sources of data .

Data for this study were obtamed m several
sources. First, interviews were conducted with officials
of the American Federation of Information Procéssing
Societies, the International, Data Corporation, and oth-
ers. Various experts, including educators and govern-
ment officials, also were interviewed.

Next, a search of existing literature was made to ob-_

tain available information on the employment and train-

ing of computer personnel, In addition, information was
sought on computer use by specific industry, types of
computer applications, and advances in computer
technology. ‘

These sources were supplemented by data from the
Bureau of the Census and BLS, especially the BLS na-
tional industry-occupational matrix that provides de-
tailed information on the distribution of occupational
employment by industry. The employment projections
presented in this report represent an interim revision of
portions of that matrix to reflect the results of the study.

Framework for projections

* Projections of employment for the economy as a
_whole.and by industry were prepared by BLS and de-
scribed in Ermployment Profections for the 1980s, BLS
Bulletin 2030. A brief description of the assumptions
that underlie these projections is presented in Occupa-
tional Projections and Training Data, BLS Bulletin 2052.

Computer employment projections presented in this

study were developed within the framework of the lat-

est BLS industry-occupational matrix. The most recent-
ly developed matrix Presents data on occupational com-
position of all industry sectors for 1970, 1978, and 1990.
Matrix staffirig patterns reflect the 1970 Census indus-
try-occupational employment estimates, updated by the

Bureau’s Current Population Survey that provides cen-'

sus-based occupational estimates for the years between
the decennial censuses. '

In-depth analysis of the computer occupations and
evaluation of trends in the computer field led to an up-
wird revision of the 1990 matrix employment projec-
tions for each of the computer occupations. These re-
vised projections were then applied to the 1990 esti-
mates of total employment for each of the 200 indus-
tries included in the matrix to yield new ratios show-
ing the concentration of each somputer occupation in

» each mndustry. The total number of computer workers

-

b

N
.

per industry'was obtained by summing across all of the ¥

computer occupations.

Charige in matrix data base

The BLS is in the process of converting fror‘n an in-
dustry-occupational matrix based on census data to one
based op the Occupational Employment Statistics
(OES) survey.' These two data sources differ in sever-
al maj,or respects:

Respondents. The census-based Current Popula-
tion Survey (CPS) is a household survey, com<
pleted by an individual who responds for all mem-
bers of the household. Persons who hald two or
more jobs are only counted once, based on where
they work the most hours each week. The OES
survey is an establishment survey in which an of-
ficial of the responding firm completes a question-
’ naire based on company records. Data from the
OES survey count all jobs in each surveyed
mdustry .

Time frame. Industry staffing patterns are avail-
able from the Census only every 10 years. The
OES surveys are updated on a 3-year‘{::ycle, with
staffing patterns benchmarked to the third year of
the cycle: .. -~

Occupations. The CPS collects employment data
for approximately 400 occupations. The data are
categorized according to job titles that were used
in the 1970 Census. The OES survey cqllects data
for more than 1,800 occupations. Each occupation
to be surveyed in a particular industry is defined
on the questionnaire for that industry.

.

Industries. The CPS does not collect occupation-
al employment by detailed industry. Staffing pat-
terns from the latest decennial Census are updated
. based on estimates of ogcupational employment
from qle CPS and on estimates of industry employ-
ment from the Industry Employment Statistics
(IES) survey. This produces occupational employ-
ment data for 200 industries. The OES survey:col-
lects occupational employment by detailed indus-
try. Data are not collected in the agricultural. or

"A bnckground discussion of the OES survey may bé f gund in the
BLS Handbook of Methods, Bulletin 1910 (1976), pp 57-5
S
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private household industries—these are estimated.
Thxs procedure generates Ou.upatlonal employ-
‘ment data for 378 industries.

Preliminary findings indicate that the two surveys
reported comparable levels of employment in 1978 for
all of the computer occuptions except computer and
penpheral equipment operators. Preliminary OES sur-
vey results shgw substantially fewer of these \Ivorkers

than were reportéd in the 1978 CPS. Dufferences in oc-
cupational classification are the most likely explanation
for the different employment estimates. The 1970 Cen-
sus lists general job titles (some of which are now out-
dated) that the respondent has to fit to job duties,
whereas the OES survey has a specific definition in-
cluded on each questionnaire that probably eliminated
a number of workers from this category.
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. Appendix B. Industry Distribution of
/.. Computer Employment by Occupation,
1970, 1978, and Projected 1990
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Teble 8-1. lmwmmammommm1m 1978, and projected 1900
« Tota, dlmﬂfoewwbm

1970 1978

Employ-1 0 Employ- °
industry | - e ‘mdumv_

H

o
3

Total. alt inchustrios . . Cae 765,183 1,164,791

Agricultygly, forestry, fisheries . , 687
Agriculture . . 419°

Agriculturaf production . , “ . 154

40

149
19

8328

2

2388 38838 88°8.,°

Crude molu-m and ratural ons .
Nonmetallic mimng, QuanTying

Construct -
Gcmalbuadlng aomncmu .o
3, exc. bud
Special trade cantractors

2282 R8%3:8

w
=

Mandfactuning

Durable goods .

Qrdnence

Lumber and wood prod\ms
Logging
Sawmills, punu\q m-lh
Misc. wood products .

Furniture and lixtuces . .,

Stone, clay, and gisss products
Glaes and

35

. Pottery and related products .
" Misc. nonmetailic stone .
Prsmacy matel industries . .
Blast furnecses, yteed works &
Other primary stefl . e
Pomary umioum
Other primary nonferrous .
Fabricated metal products
Cutiery, other hardvwace . ..
Fabricated metal producty . .
Screw machine products
Metat stampPing
Misc, metsl products
Machjoery, except electrical
Engines and turbines . .
Form machinery, equipment
Corstruction machinery . ,
Mewlworking machinery
Office, accounting machinery
Elec(vomc computing tqummcn(
Machinery, ne ¢
Electricat machinery
Household appliances .
Radi0, TV, communications squipment
Etectricat machinery. n.e.c. .,
Transportation squipment , »
Motor vehicle equipment
Aircraftand perts . .
Ship, boat building, vmn .
Railroad equipment ., ..
Mobile dweihings . .
Cylces, muc, mmpormmmquxpmem
Pr and fic instr
Screntific instruments . .
~  Optical, hesith service supptm
*  Photo equipment and supplies |
Watches and clock devices
,Mm.m!munng [

Nondurable goods

Food and Kindred produc(s
Meat products .,
Deiry products . oy
Canning ang puurvmg
Grainmill products ., ,
Bakery products .
Confectionery pvoducts .
Beverages . ieeee
Misc, food pvtpnmmm

Tobecco manufacturing .

Textite mut products
Knsttingmills . . . . .
Dywing, finithing textiles . .
Floorcoverings . .....
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Yarn, fabric milis

Misc. textile mitl Dvodum
Apperel, textile products , , .

Appere! and aécensories | ..

Misc. fabricated products .
Paper and allied products . .

Pulp, peper, psperboard milh

Paperboerd conteiners, boxes

Misc. paper and pulp products

See notes et end of table
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Table 8-1 Continyed—Industry distribution of computeér employment by occupstion, 1870, 1978, and projected 1990

See notes at end of table

Total, sil computer occupstions Computer Programmerns
. 1970 1978 1990 1970 1978 ,, 1990
Industry P«e':ht Puc'om Pe:em' t Ptvg:m P«c’om Perc'cm
[+ [ [+} [+ [+
EmPIoY-Lindustry | EMOY" | industry Emplo¥: lindustry Emolov- | Ooiry Employ- | incustry | ETIOY" | industry
employ- employ- employ- employ* employ- smploy
. ' ment ment ment ment mant ment
Puntingandpublishung . . . . . .. - . 12,220] 1.05 15,921 1.26 25,7401 , 1.92 2199 | 019 3.101 025 5,590 042 ‘
Newspeper publshing, printing 2,281 55 3,223 .70 5570 1.05 440 1 552 12 1,050 20
Pnnting, publishing, exc. newspeper 9.939| 1.34 12,698 1.58 20,170f 2.48 1,769 24 2,549 32 4.540 56
Chemical and allied Prodk . . 13,734{ 1.33 18,144 1.68 31,020| 2.33 3.193 31 3,851 36 6,400 48
industriai chemicsis 4389| 1.38 6526 1.70 10,010| 2.54 1.317 41 1,493 48 2,700 69
Plastics, synthetics 1,042 1.02 1,361 .9 2,370| 2.8 272 27 {, 298 31 410 38
Synthetc fibers, ~ . . ... ... 1 1.04 1,425 1, 2,530 1.40 226 21 2N .23 520 29
Orugs snd medwcings . . » 2, 1.94 4,438] 239 78801 3.57 614 34 912 49 1,560 .70
Sosps and cosmetics . . 2. 183 2577 1982 40401 2,43 345 28 . 416 31 590 35
Puntsendvarnshes . . . . .. ... 1.018 1.49 1,278 1.77 2,000 217 127 a0 161 22 230 25
Agnculturalchemicals . . . .. ... 5571 100 77 127 1,220 2.14 124 .23 156 % 190 33
Misc. chemucals . . . - - S 796 72 764 39 970 85 168 15 144 17 210 18
. Petrol 3nd coal Prodk PP e 5,141 2.70 6,883 3.30 9,750 5.48 1,280 .67 1,503 ] ‘1.950 110
, Petroleum refiing . . . ‘e 4807 313 6,449 3.92 9,090 748 1,250 81 1,464 .89 1,890 156
Maoc, petroleum, coal praducts . 334 E:)) 434 9 117 30 08 39 .09 60 1
Rul , mac. plastic products . 52941 92- 6,957 93 10,760 134 1,000 17 1,231 16 1,800 22 N
products . . - 36741 1.28 4 4,162 1.41 °5,750{ 1.70 760 26 822 bre] 1,010 30
Musc, plagtic products 1.620 .56 2,795 .62 5,010 108 240 .08 409 03 790 17
Leather products .., . .. 1,897 .59 1826 A 2,040 95 289 09 283 1 310 14
Lesther B3anung, fintshing 109 42 108 47 140 102 7 .03 7 03 10 07 .
Footwess, exCe0t rubber 1.319 .58 1,217 n 1,200 91 223 10 211 2 220 17
Alt other leether products 409! - 68 79 700 102 59 09 65 0 80 12
Traneportation, other public utilities 4860681 .97 65,505] 113 107,130 1.69 . 9,345 19 12,445 22 23,000 36
Transportation, totsl . 20,130 70- ,966 .13 32,780 93 3,095 Bl 3,894 12 5,500 16 L
Rsitroads, raiway Oxp'm 8,186 . 133 6,9377 136 6,226|] 145 768 12 689 13 650 15 |
Local, interurben transit 540 14 695 a3 880 18 60 02 73 02 100 02 |
B Street ratlways, bus hines 516 18 558 .16 845 .20 56 02 65 02 20 02
Taxicad service . 24 03 37 03 35 03 4 - 8 01 {0 01
Trucking snd w.rahousmo 4,343 37 5,739 39 8,035 52 554 05 814 .06 1,300 08 ‘
Trucking services 3829 .38 . 5129 .38 7.195 .50 490 05 730 05 1,160 08 |
Warshousing end uorm 514 58 610 85 " 840 81 64 07 84 09 140 14 ‘
Water tranmportgtion . .. . . -1,106 A7 1,293 53 1,720 .81 258 11 368 15 450 21
Air trsneportstion . 4,522 3 68221 1.63 11,0801 210 1,155 34 1,486 .36 2100 40
Pipefines . R PR 367 297 |, 537) 281 850| 532 113 67 147 77 160 100
- Tnnopormton unnca vl s k. 1066f 1.00 [ ¢ 2043f 1.20 3990 157 187 17 317 19 740 29
Communications, utilities, samtary services . . .| 28475| 132 41539 169 | 74350| 265 6,250 29 8,551 35 17,500 62
Communications . 16,286 | 1.51 23,9921 1.99 48,525|- 350 3,300 3 4,628 .38 10,400 75
Telsphone (wire and radio) .| 14680 1.62 21,097 219 450 | 402 2,887 32 3,985 -4 9,100 84
. Telegraph, musc. COMIM. SRIVICES + + v .« . 1,004 211 1,931 3.05 3160 5.7 276 |© S8 445 70 850 1.39
Radwo broadcssting, TV . 622 A8 964 54 1,825 .75 137 1 198 Bl 450 18
Utilities, sanitacy services . 12,190 113 17,547F 139 25,825 !.82 2,950 27 3.923 31 7,100 50
Electric ight and power . . , , ,343 1.33 7.080 161 10,505 1,069 33 1,710 .39 3,400 81 R
Electric—ges vtilities . ., . 3 2.04 4847] 236 7.210 3.08 832 42 989 48 1,700 73
Gss, steam supply systems 2854 1.72 3,507 21 4,725 283" 858 52 975 59 1,500 .90
Water supply . 758 57 060 .69 1,600 .85 141 1 185 12 300 16
Senitacy services - . 152 .06 950 33 1,460 .36 28 01 37 (1] 110 03
Other utilities, n.e.c. . . N 84| 1.25 103 1,45 225 221 2 33 27 .38 80 88
- Wholessie and retad trade 93,137 57 141,665 69 242,000 95 13,550 08 19.409 09 35,000 14
Wholessts trede 62,738 1.59 g94.614) 1,96 164,640 | 3.08 9,695 25 13,083 28 24,000 .45
Whoiesale, except misc. wholessle 50,254 | 1.90 78,236 235 140,950 | 3.77 7.955 30 11,347 .34 20,100 64 .
Motor vehicies and equipment 4,309 1.30 6.441 1.50 9,180 1.76 6543 16 810 19 1,450 .28
Drugs, chemicals ailied products 5008| 2.15 6,250 232 8,220| 282 670 .29 832 3 1,250 43
Dry goods and appere! 2,041 1730 2,444| 146 33701 176 300 19 369 22 450 23 A
Food and related products 5927| 1.02 7,767 1.16 680 1.49 865 15 1155 17 1,550 22
Farm products=raw matersais 633 60 1,138 73 16201 1.61 118 n 208 13 300 30
Eiectrical goods . 47661 1.50 6,6M 1.78 10,120 220 664 21 908 24 1,400 .30
ledwua plumbmg 1,762 1.03 [~ 2131 1.02 .7 1.23 267 16 378 18 500 22
Mach , suppt 25,810 | 3.46 45394) 428 | 98,190 7.99 4,528 .61 6,687 63 13.200 1.07
Misc who‘mh ludt 12,484 97 16,378 1.10 24,150 1.50 1,740 A3 +2,316 16 3,900 4 L
Metals and minerals, n e.c 1,362 1.01 1,673 1.19 2,415 148 « 170 a3 200 g4 350 2
Pstroieum products . . 3361 117 2,527 1.08 3,015 1.26° 458 23 622 27 1.100 46
Scrap and waste materiat 82 .08 155 J2 315 27 15, .01 26 .02 60 04
Alcoholic beverages 1,352 137 2,042} 156 2,760 222 118 12 183 14 250 20
Paper and its products . . 1,343 1.01 1,601 1.22 2,270 140 146 Bl 168 13 200 12
Lumber, construction materials 708 A4 955 54 1,A40 67 92 06 110 06 150 07
Wholesale trade, ne ¢ 5299 1.14 7.425{ 137 > 11,9401 2,01 741 16 1,007 19 1,800 30
Retail trade . 30,399 .24 47,0511 .30 77,360 38 3,855 03 5,746 .04 1,000 05
Buitding materiels . 937 16 1,311} 18 1,940 24 149 .03 215 03 360 04
Lumber, building materials 549 15 s .19 1,450 .30 87 .02 139 03 200 04 .
Hardware and farm equipment 3a8 17 J16 . 490 15 62 .03 76 03 | o 100 03
General mechandise, totai , 15,537 .61 22,727 27 37.420 87 1,956 08 2.819 10 6,200 14
Depectment, mait order . . .. . . 11,845 76 18,570 96 31,6157 106 1,498 10 2,327 12 5.550 19
Lumned price stores . . . . 1,001 32 1,065 .38 .490 45 95 .03 1 .04 150 .05
Vending machine operators . 273 40 324 43 505 39 25 04 . 25 03 50 04
Direct selling _ ., PR . 724 22 782 22 850 .25 168 .05 165 05 200 08
Misc, merchandre slorn PRI 1,694 .56 1,964 66 2,960 .60 170 .06 < 196 07 250 05
Food and dawy stores . o 3,996 20 6,553 28 11,500 .39 476 .02 733+ .03 4,350 05
Grotery stores Cas 3676 22 5,975 .30 ‘10,400 40 452 .03 698 <03 1,280 05
Deiry productstores . .. . ... 124 34, 219 A9 350 84 12 03 19 04 30 07
Retsil bekenes = .. .. . s e 115 10 <)) 117 5301, .35 8 01 13 01 20 01
Food stores, nec. .. .. 81 07 , 128 .09 220 15 4 - 3 - 10 01‘
, Auto deslers, gas statlons . . . . . " 1,308 07 2,034 10 3.100 14 103 01 155 0 |0 200 .01
Motor vehicle dealers . SN e e 752 10 1,064 12 1,585 16 72 0 100 0 15 01 4
Tire, bsttary, accessory stores . 515 -28 915 35 1,460 40 3 .02 55 .02 75 02
Aopud and accemories, . . 2,220 .29 3,303 .38 5,080 45 208 .03 292 .03 450 .04 .
Apperel, accessory stores 1,643 27 2,40 33 3,840 43 135 .02 181 02 300 03
Shoestores . . ... .. 577 38 822 A7 1,240 53 3 .05 m .06 160 06 -
Furniture end applances ., . 1421 .26 2,237 33 3940 .49 2654 | .05 401 08 - 750 09 4
Home furmshing stores . . . . . 658 19 943 23 1,620 32 86 .02 123 03 240 .05 ‘
Apphisnces, TV, radw stores . 783 36 1204] A2 2320} 7% 168 | .08 2781  tho 510 7
Eating and dnnking places . . .. 1,108 04 2,738 .06 4,310 08 103 - - 166 {. - 250 ~
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Table B-1. Continued—Industry distribution of computel smployment by octupetion, 1970, 1978, and projected 1990

Total, 8! computer occupstions Computer programmers
1970 1978 1990 1970 1978 1990
" Industry Percent Percent Poccant | | Percent Percent Percent
. Employ- md?v:uv Employ- lndgl'try Employ- ud;:t';y Emaioy- md::uy Employ- md::uv Employ- md:s'uy
. ment |empioy-] ™™ lemploy-| ™" smploy- ment employ-] ™Mt emoloy | ™"t _ | emoloy
\ ment ment, - meng ment Jment ment
Mesc. retait trade stores . . . 3874 02¢ 6,150 Rk} 10,070| » 042° 606 004 965 005 1,500 008
Orugstores . . ... .... . 1028 2 1338 27 2,050 31 174 04 245 05 400 .06
stores L ..., .. * 103 08 147 09 210 10 12 (U] bl 01 40 o2
Farm, garden supply stores . * 235 20 447 27 720} .39 49 04 66 05 120 .07
Jewslry storss . . . %0 24 401 30 680 42 27 03 47 03 90 06
Fusl and e desiers . 577 50 €57 60 895 86 50 04 | 52 05 50 .05
Retad floeists . . ... . 12| .M 16 01 20 01 - - - - — -
Muc. retail trade stores . 1669 36 3044 45 5495 62 %4 06 514 07 800 09
Finence, ingurance, resl estate . . . . ... 103868 2.72 152,498 3.03 268 411 20.430 53 26,300 52 51,000 79
Finsnce, totsl . . e 62,796 3.27 90813] 4.23 172890 566 9,039 56 13,440 63 28,300 93
Banking . ... .. , . 398781 4.02 3681 5.20 135890 702 6,656 67 9915 74 22,100 1.14
g«m sgences .. . ... 6,306 1,76 12,138) 238 20,700 2868 1,153 32 1,997 39 4,200 54
ock brokers, investment . 6,612 249 9,309 3.09 15 441 1,230 46 1,528 51 2.000 58
inurancs .. .. e e 49211 364 68,871 366 89,780 458 11,078 82 12,388 77 22,000 112
Reslestate .. . - .o 1851 22 2814 22 4,230 29 N3 04 472 04 4 700 .05
toted ... ... L., P N 164,994 90 343,759 126 719900 208 50,531 24 84,366 31 | 204,000 58
Hotelsand lodgingplaces . . ., .. . 688 07 17 09 2,220 12 99 01 152 01 270 01
Hotsls and moteis N 586 08 1.110 12 2,)55 16 99 o1 152 02 270 '02
Lodging places, except hotels 102 03 61 02 65 01 - - - - ~ -
Other personal services 809 06 587 04 610 04 51 - 42 . - 40 -
Laundry. tissning 804 13 578 13 : 610 20 51 01 42 01 40 01
MisC. business sorvices 901262 | 5.52 169570 636 376610 902 26071 | 159 44,023 165 | 112,300 269
13ing 854 656 1,063 n 1560 105 214 17 258 17 360 24
Butiness Menagemant tervices 6849 383 13062{ 472 28,050| 608 1,938 | 109 3,399 123 8,600 186
Commerciai R&AO 4,029| 460 83N 615 20.930| 9.23 1,797 205 3,297 243 8,800 3.88
Compiter programming , 58,681 | 52.28 110,361 5745 255580 7099 19,366 | 1726 31,799 | 1655 79660 | 2213
Detective and protecteve 407 937 33 2,180 46 82 06 181 06 480 10
Employment, temporary help 6,725 312 9412| 244 10,410 166 307 14 640 17 1,800 25
Services to buidings 0 01 150 02 - - - - - -
Other mixc. services 12,701 268 26.336| 336 57,750 540 2,367 50 4,449 57 12,800 120
Automobde ervices 780 16 1,232 17 2,190 25 105 .02 . 151 02 310 03
Auto repa Ce 39 0 166 '03 390 07 ~ - - - - -
Auto , SXCRPT repair R 741 A4 1,066 49 1,800 60 105 06 151 07 310 10
Other copair . 2128 87 4,244 04 12,700 257 - - - - - -
Eisctrical reparr shops . . 993 79 13391 102 4 229 - - - - - -
Other repait services 1,135 59 91 8500 274 - - - - - -
Motion pictures, thesters ., . 862 36 |- 827 40 - 1070 35 189 %8 181 0 |- 210 07
Moc. sntertainment . . . .o 291 07 |/ 741 10 1,280 15 44 01 121 02 340 04
Medical, other hesith P 13,554 29 26,371 39 57,970 53 2,495 05 4,642 07 13,500 12
Hospitals . . - 11,538 3 21,232 54 48,430 83 2016 07 3,499 09 10,710 18
Convatescent inttutions 156 [0) 501 06 1,790 08 27 01 66 01 390 02
Health services, n.e c. 1860 58 4,638 857 8,750 94 452 16 1,077 16 2,400 %
. 201 05 365 06 690 09 3 01 64 01 160 02
33.927 ‘56 58,066 77 102,840 128 11,785 20 17.13 24 33,000 41
» 4,461 n 7,596 15 r 11,430 2 1,048 03 1,620 03 3.000 06
26,507 1.68 45,196 224 80,720 358 10,047 64 14,887 74 27,500 122
. 160 20 435 42 1,270 84 54 07 124 A2 400 26
. 2,798 112 48401 13 9420 19 636 | ¢25 1.082 29 2,100 43
47 16 19 23 320 35 16 06 30 06 70 08
. 6,372 AS 9615 5 15,350 62 950 07 1,495 08 2800 1
Religious orgenuzations + 587 10 924 13 1,070 14 - - - - - -
Weifare services . - 2837 56 4,191 B85 @670 71 423 10 686 n 1,200 13
Nonprofit membership orgénizstions 2928 77 4478 91 7590} 125 527 14 809 16 1,600 26
Other professions!, relsted services 35073 4.26 70850 547 146.0850| 894 8696 | 106 15,752 122 | 41,000 251
Enginsening and architectursi secvices 3470 109 8,169 166 20210, 322 1,317 41 2,462 50 8,100 129
Misc. professionsl services 5,002 242 9943| 276 23840 551 96 95 3,449 96 10,900 252
Government. total . 82,343 J.04 116,695 23 207500| 349 18,260 43 24,722 49 46,600 78
Federst public sdmintstration . . 52551{ 232 68,319| 3.01 101,675) 426 12,785 57 15,277 67 20,600 86
Postol service .. . . 712 10 1,637 24 3.800 57 143 02 278 04 600 09
Other Federat public sadministration 51869| 335 66.682| 4.9 97875 568 12,642 82 14,999 94 20,000 116
Stats public sdministr . - 18504| 300 30099 333 63,025| 556 3,185 52 5,629 62 14,000 124
Locat public administration . . . 11,288 82 18,277 99 42800{ 176 2,290 17 3816 2 12,000 49
Ses notes at end of tabls . -
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Table 81 Continued—Industry distribution of computer smployment by occupstion, 1970, 1978, and projected 1990

" incustry

Computer systams enelysts

Computer end peripheral equipment Operetors

1970 ., 1978 1990

Total,'sll ndustnies

.
wulture, forestry, fisheries
Agriculture
Agrecultural producuon
Services, except hortcuiture
Horticuitural servaices
Foresuy .. .
Frheries . . P ~

Mining ..
Metst mining
Coal mining
Crude petroleum and nnunl ps
Nonmetaihic mining. Quarfying

Construction . .
General busding oontnct
Generel cONtractor, exc bl.uldmg
Special trade contractors

Manufacturing “ . *

Dursbie goods
Ordnanca
Lumber end wood oroducu

Logging
Sawmulls, planing mills
Misc. wood products
Furniture and fixtufes .
Stone, cley. and glass products
Glass and glaes products
Cement, concrete, Plaster . .. ..
Structural clay products
Pottesy end related products
Mus¢. nonmetallic stone
Pnmary metal industries
Blast furnaces, steel works
Other primary steel
Poimary sluminum |,
Othex primary nonferrous
Fabncated métal products
Cutlery, other hardware .
Fabricated matal products
Screw mechine products
Metal stamping . .
Misc. metal products . . .
Mechinery, except electnicsl
Engines and turbines . PP
Farm machinery, equipment .
Construction machinery ,
Metaiworksng machinsry
Otfice, accounting machsnery
Ei i g equip
Machinery, n.e c.
Etectrical machinery .
Household spplances . . . . . . .
Radio, TV, communications equupmmt
Electricat machinery. nec .
Transportation equipment . .
Motor vehicle equipment
Asrcraft and parts PR .
Ship. bost buiiding, upm »
Ralroed squipment . . . . e
Mobiledwseilings ... . ....

Cycles. mxc. tumponﬂuon nqunpfncnt o

£ ta nst
Scientific snstruments . . .
Optical, health service supphies

Photo equipment end supplies . . ...

Watches and clock devices 1
Misc, manufactunng . .. .. .

Nondurable goods
Food and kindred producu .....

Meet products . . .

- Deiry products . .. ..
Canningmdptmmng e
Grainmill products .
Bakery produgts . . o

. Conlmlon«ypvoducu -
Beverages . .

th.loodmpau'uom ,

Tobecco manufacturing . . . . . .

Texule mdl products . - - - - -

Knittingmdls . . . .. . e e

Dysing, finishing texutes, .. .. ...

Floorcoverings . . ... .....

Yan. fabnemidls . . .. ... o

Minc, textile mifl products . . .
Apperel, textile products . . . . . .

oCCOHISONNE . . . . .. .
Mhsc. fal { -] e

Pulp. peper, peperboerd olls Ll ’
Paperbosrd containers.boxes . . .. .. ..
Misc. peper end Pulp products . . . .. ..

Ses notes at end of table.
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1978
. | Percent
E of
m‘:” industry
employ*
ment
“hsrge8| o620
45|y -
1 e
17 [
28 04
©2,354 26
129 a4
35 02
2,132 47
58 05
1.423 03
164 01
1,106 07
153 -
61,915 30
50,977 41
1951 114
293 04 -
m 05
82 06
242 05
705 10
249 13
10
14 03
18 04
188 a2
1878 15
v 803 a7
242 07
508 | 29
326 14
1.620 10
333 19
508 10
124 R}
156 | , 06
499 09
244901 106
447 34
362 24
1,283 35
515 15
1.254| 174
19,206 720
1,343 14
9,362 A5
41 23
3,804 83
5.147 40 .
7.504 36
2219 23
4,655 20
452 16
130 21
35, 03
18] o3
2490 A4
1.0 53
485 .23
966 74
28 09
442 09
10,938 a3
1279 07
106 03
195 e
207 .os\;
128 .08
54 02
64| 08
163 07
382 a9
87 a3
748 08
, 98f 04,
77 10
104 17
403 09
e8| .10
689 .04,
509 D4
.. 80 04
* 975 14
A82 A8
104 05
3§ 18

Percent Percent
t of
Empioy- md:m Employ-| .4 Employ
Y ndustry
ment | ooigy.| TN employ rent
Jnent ment
149,995 019 392,993 042 | 850,000
122 - 337 o1 628
89 -~ 2116 [} 380
35 - 61 - 120
47 03 136 06 220
7 - 19 01 40
23 .05 97 12 190
02 24 03 55
1634 2 5397(° 61 11,650
84 09 182 19 400
60| " 04 208 10 450
1,361 A9 4,707 104 | 10,150
129 n 300 24 650
1,432 03 3,641 06 7.725
155 01 03 1,100
112 08 2,576 17 5.300
156 (1]} 656 02 1,325
45967 | " 23 103093 50 |215,000
]
30,262 27 68,915 145,000
1.631 55 1,995 116
+286 658 10 1,450
14 01 37 03 80
136 04 3N 07 670
136 n 310 24 700
$00 n 1,187 23 2,370
959 15 2,152 3N 4,400
X3 12 523 1,150
336 15 747 30 1,500
37 06 68 13 - 120
61 14 152 32 380
22 662 44 1.250
2417 19 5.061 40 11.000
1965 |- 1 2,216 A48 4,500
4 13 1,062 29 2,300
306 20 766 43 1,600
462 i) 1.017 44 2,600
2,258 16 5,520 .36 12,080
274 18 686 38 1.500
591 14 1,499 30 3.380
175 17 409 38 850
426 18 1,010 A1 2.250
792 17 1918 37 4,100

25 736 56 1,900
395 N 974 85 2500
679 23 1822 49 4,100
7113 22 1,764 51 3800

88 20 4535 47 | 10.400
6,641 35 | 14,525 71 | 31,000
21 8 . 45 2.100
29N 47 5,591 93 9,900
3,278 30 8.105 64 | 19.000
30 | 1919 58 | 20800 |
1937 24 5,054 51 9,590
3115 47 5,477 .93
483 18 « 972 34 1.900
76 15; 4 " 203 .33 450
25 037 88 .08 250
32| 13 12 29 310
1518 33 3,96 70 7.400
5. 30¢ | 1.255 64 2,160
335 25 1,087 53 2,100
615 56 | 1,546 118 3
32 10 77 25 140
710 18 1.770 38 3.000
15,705 19 | 34.718 70.000
2,851 16 6177 ° 36 | 11,800
447 13 1,055 30 2,050
382 16 663 36 1,020
455 16 1,008 34 2,100
279 .20 837 44 1,200
281 10 599 26, 750
137 a7 276 .36 510
47 20 1,012 44 2,040
399 22 929 .50 1,800
209 .28 367, 53 430
1284 13 2,656 .30 6.500
.09 483 .20 1.250
182 .22 369 A7 700
236 M 545 89 1.300
609 12 1,196 26 2,100
31 04 |. 63 09 150
1146 | .08 2826 .20 6,900
1016 08 2,286 .20 6.150
130 .08 340 17 750
1,335 19 .76 39 5800
75| .26 1443 .54 2,900
2000 .09 18 700
370} .20 887 A1 2,200

- -



Computer systems anslysts Combuter snd peripheral squipment operators
——
1970 1878 1990 1970 1978 1990
A
Industry Percent Percent Percent Percent Percent Percent
Empioy- of mploy of Employ- of Employ- of Einploy of Employ of
1 ment industey ment maustry ment industry ment industry ment industry | 7L industry
. employ- 1 empioy- employ- n empioy n employ* employ-
ment ment ment ment ment ment
Printing and pubhishing 918 008 1694 013 3.3%0 025 3,029 026 6,756 054 13,900 104
Nevspeper publishing, pmmng 109 02 147 a3 280 05 778 19 1.781 39 3,600 68
Printing, publishing, exc newsDsper 309 .10 1,547 19 3.070 .38 2,251 30 4,975 62 10,300 127
M - Chemical and allied prock 2,053 20 3,333 31 6,610 50 3,076 30 6,737 62 14,900 112
\h industriat chemicals 700 22 1,044 32 2,140 54 043 30 1,934 59 4,430 114
Plastcy, synthetics . 139 14 24 420 39 n3| 610 63 | 13%0| 128
Vi Synthetic fibers . . . . N 185 16 wn 23 32 209 19 473 40 1,130 62
4§ Orugs and medicines . *. . v 609 Al 1137 82 2,250 102 546 38 1,478 .80 3,300 150
i Sosps and cotmetics 212 a7 320 24 610 37 448 36 1.002 75 2,200 132
Paints and varnishes o . . 85 13 2139 19 270 29 247 36 554 77 1,200 1.30
Agricultural chemicals . 7, . " 49 09 80 a3 150 26 157 29 363 .60 740 130
Misc. chemicals [N 104 o8 102 12 190 A7 213 19 322 37, 450 40
[ Petroleum and cos! prock 919 43 | 1373| e8 1950 | 190 | 48] B0 | 2596 125°| 4900 | 27
' Patroleum mmmq 884 57 1312 80 1830 151 1,094 n 2444 149 4,520 372
4 Misc. patroleum, coal p'odvcu 35 09 61 14 120 21 55 15 152 35 380 68
Rubber, mnc. plastic products . . . . 403 07 704 09 1,330 A7 1,248 22 2860 38 6,100 76
Rubber products 282 10 402 14 710 1 869 30 1,656 56 3,300 97
f, Misc plastic products . s 2 04 302 07 620 13 379 13 1,204 27 2,800 60
Leather products 123 D4 156 06 250 12 378 12 697 27 1,100 51
Leather enning, finishing - - - - - - - 28 1 57 25 100 73
Footwear, except rubber 591 ° 02 65 03 90 o7 257 1 458 27 650 49
[ Al other leather products 64 09 21 14 160 23 93 13 182 28 350 51
f Tumponn&)n. other public utilities 4,788 09 8.215 14 17,700 28 10834 22 26,057 45 52.300 83
A Trankportation, total .61 06 2,642 .08 4,700 13 4,232 15 9,256 28 17,100 49
Rairoads, ra.lwey express 457 08 596 12 800 19 1,624 26 ° 2,619 51 3,200 75
Locat, interurban transt 35 0 50 01 75 01 130 03 0 06 600 1
Strest raiways, bus Lines N ol 41 01 60 01 130 04 290 08 600 |, 14
i © Taxwcabtervice 4 - g 01 15 o1 - - - - - ¢ -
,‘. Trucking and warshousing . 212 o 392 02 725 05 803 07 2,143 15 4,200 27
/ Trucking sermces 188 3] 365 02 685 05 688 06 1,863 14 3,700 26
] Warehousing snd storage 24 03 27 03 40 04 115 13 280 30 600 48
/ Water transportation 122 05 205 08 400 19 144 06 296 12 600 28
‘/ Air transportation 609 18 1017 24 1,800 34 1,228 36 2956 7 6,000 114
. Pipelines 39 23 60 3 100 63 94 56 222 1.16 500 313 ¢
", Transportation services 137 13 322 19 800 31 209 20 730 43 2,000 79
Communications, utihities, sanitary services 3177 15 5,573 22 13,000 46 6,602 N 16,801 68 35,200 125
Communications  « 1970 18 35 29 9,000 65 3,960 37 9,936 83 | 24,1000 174
Teiephone {wiure and radio) 1,726 19 3,026 3N 8,050 75 3,558 39 8,805 N 22,000 204
Telegraph, misc comim services 184 39 3718 60 700 115 261 55 738 116 1,200 197
Radio broadcasting, TV . 60 05 126 07 250 10 141 1 393 22 900 37
Utilities, sanitary services 1,207 1" 2,042 16 4,000 28 2,642 25 6,865 55 11,100 78
Electric light and power 382 12 807 19 1,900 45 937 29 2,525 57 3.400 81
Electric-gas utilities 470 24 693 34 1,300 56 785 40 1.67 82 3,300 142
. Gas, stesm supply systems 274 16 390 24 550 33 667 40 1,354 81 2.200 132
Water supbly 36 03 66 04 100 05 193 15 469 n 800 48
. Sanitary services - 35 Ju| 74 02 120 03 37 o0 793 28 1,200 30
Other utilities, n e C 8 A2 12 17 30 29 23 34 53 75 100 98
Wholesale and retal trade 9,942 06 18,782 09 35,000 14 16,595 10 | 44,455 22 | 90,000 35
Wholesate trade 78N 20 14,789 3 27,540 51 9,666 25 24,948 | 52 49,000 92
i . Wholesale, except mic wholesaie 6856 26 13,126 40 600 68 7,526 28 19,926 60 38,500 103
Motor vehicies and equipment 190 05 345 08 580 1" 1,069 32 2,792 65 4,800 92
Drugs, chemicals allied products 236 10 397 14 660 23 1,088 47 2,599 97 4,650 159
Ory goods and spparei 157 10 257 16 410 21 394 25 881 53 1,700 88
Food and related products 274 05 426 08 760 1 1.381 24 3,314 50 6,300 88
Farm products —raw materiais 45 04 108 07 200 20 135 13 478 N 800 80
Etectrical goods 568 18 992 26 1,550 34 888 28 2,183 58 4,400 96
Hardware, plumbing 50 03 89 05 140 06 280 .16 727 35 1,300 58
Machinery, g 5,336 72 10,452 99 23,140 188 22N N 6,952 68 14,550 118
i Muc wholesale trade 1015 08 1,663 1 2,400 15 2,140 17 5,022 34 10,500 65
Metais and minerats, nec & 166 13 250 18 380 23 23 17 497 .35 9 58
Petroleum products 330 16 565 24 770 32 8 - n - 15 4]
. Scrap and waste material - - - - - - 30 03 90 07 235 20
Aicoholic beverages 3 03 82 05 90 07 270 .27 757 58 1,500 2
Paper and 1ts products 173 13 265 20 - 390 24 252 19 527 40 1,100 68
+ Lumber, construction matenals 40 02 60 | 03 M 90 04 183 1 430 |, 24 900 42
Wholesste trade, nec 273 06 461 08 680 q 1166 | 25 2,110 50 5.800 97
Rewat rade ., . N 20N 0 3,993 02 7460 04 6,929 18,507 12 41,000 20
Buwniding matérials ¢ 48 01 87 (1]} 150 02 03 563 08 1,100 14
. Lumbe' building materials 35 [v1] 63 (1]} 110 .02 163 .04 474 .10 910 19
H. ¢ and farm P 13 [} 24 .01 40 1]} 41 02 89 04 190 06
Gemml merchandise, total . . ., 1,162 05 2,138 08 4,100 Jgo 3,537 14 9,363 32 19,100 45
tment, mail order s 809 06 1628 .08 3,360 n 2,661 17 7.626 39 15,720 ]
Limted price stores . v 98 03 147 05 220 70 205 07 424 15 860 26
4 Vending machine opefators . R 2 03 «35 04 T 50 04 34 15 104 14 280 il
Owectseliing ., . . . 37 .01 41 .01 50 01 200 06 340 10 440 13
Misc merchandise ﬂofﬂ . . 196 06 287 09 420 [+ 437 14 867 29 1,800 36
Food and dary stores . 184 0 378 02 740 03 1,099 06 3,008 13 7.200 24
Grocery stores 169 o0 343 02 670 03 1.007 2,724 14 6,420 25
Dairy product stores . . 5 01 1 02 0% 26 07 75 17 210 50
Retad bekerses . . e - - - - - - 50 04 161 12 460 30
Food $iptes, n ec. o PR 10 01 24 03 50 t o3 16 .01 46 03 110 07
Auto dealers, gas stations 45 - 73 - 110 - 295 .02 832 04 1,900 .08
Motor dehucte deslers 18 - 20 ~ 25 - 176 02 434 © 05 980 10
Tue, battery, 3cc3s01Y stores 27 01 53 02 85 .02 19 07 398 15 920 25
Apperst and sccessones . « . . PRI 64 fol 144 01 290 03 512 .07 1,400 15 2,900 2%
Appare!, accessory stores [P 40 01 98 01 200 02 . 397 06 1,076 14 2,220 25
#Shos stores . . AP 24 0 46 03 9 ( 04 15 08 324 19 680 .29
Fusmiture and apphances [ . 8 01 190 03 390 05 278 05 801 12 1,800 22
, Home furnishingstores ., ... ... 2 01 65 02 150 03 151 04 402 |" 10 . 900 18
) Apolisnce, TV, radio stores 83 03 125 05 - 240 .08 127 06 399 15 900 .30
Eaungand drinkingplaces . ... ....... 100 - 17 - 220 - 286 .0i 1518 04 3,100 06
| See notes at end of table. B
Q
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Table B-1. Continued—Industry distribution of computer smployment by occupetion, 1970, 1978, and projected 1990

Computer systems snalysts Computer and perpherai equipment operatons
4
* . 1970 1978 1990 1970 1978 1990
Industry Percant Percent Peccent Percent Percent Percent
N ’ Employ- md::trv Employ- md::lry Employ- md:::uv Employ- md:mv Em;;lqv- mdzznv Employ- md?::uv o
. - ment emoloy- | ™" | employ: ment Logoioy-| ™™ |emotoyt ment employ mant | . ooy
. ment ment ment ment ment ment
Eating and drinking places 100 - n - 220 - 86| 001 1518 004 3,100 008
Misc, retall trade stores .. 3an3 02 812 05 1,450 06 Fatk:] 05 2,024 n 3,900 16
R Drug stores 58 0 9% 02 140 02 208 04 0 n 1,100 16
. _Liguor stores - - - - - - 8 01 40 02 80 04
Farm, garden supoly stores [:] 0 18 .01 40 02 58 05 196 12 410 22
Jewelcy stores 17 02 36 03 70 04 44 04 170 13 380 4
Fuet and o deslers . 36 03 51 05 75 07 180 16 352 32 €40 62
Retass Honsts . . - - - - - - - - - - - -~ \
Misg retand trade storés . . . 266 06 612 09 1135 13 220 05 736 n 1,280 15 I
Pl Al
. Finance, inysance , nal state 8,352 22 14,358 29 30,100 A8 26,229 69 69,026 1.37 {147,500 227 \
_ Finance,towd . . o L. 3949 25 7846 36 19,100 .62 16,038 99 46,527 |, 217 |103,000 3.37
Banking . PR . 2933 30 5957 A0 15,600 80 12,452 1.26 36,245 272 81,000 418 -
Credst agencies I 454 12 990 A9 2,000 26 1821 51 5,978 117 11,500 1.49 ~
Stock brokers, investment . 562 2 899 .30 1,500 43 1,765 .87 4,304 143 9.500 2,75
tnsurange .. . . . . 4,261 31 6,204 38 10,400 53 9,751 72 21,374 1.33 42,500 217
Real estate . . . . . 152 02 08 02 €00 04 .05 1.126 09 2,000 14
Services, total . L 26,240 A3 59,800 22 147,500 42 32,498 [, 16 [103647 38 |236.000 67
Hotgis and todging plm . . a3 Ei)] 100 01 170 01 01 0 04 1,400 07
’ Hotels and motels . . 42 - 62 - 125 01 430 02 540 06 1,400 n
Lodging places, except hotels ' 51 02 38 ()] 45 (1)} - - - - - W~
Other personyl services 46 - |+ 62 - 50 - 110 01 153 0 190 01
Laundry, clesning . . 48 01 52 mn 50 02 110 02 1 .03 190
Nisc businets services .{ 14,768 90 33,675 1.26 89,420 214 13,208 81 42,133 158 99,560 239
Adverusing 79 06 N 09 18 169 13 25 740
Busingss Management services 1,404 77 3166 1.4 6,900 150 1.024 57 3,402 1.73 8,400 1.82
Commercisl R&D . 958 1.10 2211 183 5,200 229 78 2,137 158 6,100 269
Computer progrsmming .{ 10888}, 870 24640 1283 . 66,560 18 49 8903 7.94 27,219 1497 61,520 1709
‘ * Detactive and protecine . 7 0 2 o0 90 .02 m 08 445 16 1,300
Employment, temporary help 56 02 154 04 510 08 - - - - -
Services to buildings - - - - - - - - - -
Other misc services . . 1376 2 3,360 43 9,900 a3 2,318 49 8,548 109 21,500 2.01
Automobiie repsir 3ervices . 109 02 202 02 420 05 157 03 494 07 1,100 12
* Autorepdir . . . . - - - - - - 35 ,01 162 .03 3 07
. AUto ervices, eXCEOLIEDIT . .. - .. 109 06 202| a0 |. 420 14 122 07 332 15 710 24
Other repasr services . . .. - - - - - - - - - -
Electrical cepair shops -1 - - ~ - = - - - - - -
Other repair sernces . . - - = - - — - - - - -
Motion pictures, thesters . 89 04 <] 04 150 05 162 07 289 14 510 A7
Mssc. entertainment .. 5 - 10 - 20 -~ 89 02 347 04 690 08
Medscal, other health . 1,345 02 3,307 05 8,600 08 3,174 .07 10,809 16, 28,500 26 '
Hospitals . . .o 1,014 04 2518 Q07 - 7,250 12 2,866 10 9,187 24 24,470 42
Convalescent Institutions 38 01 124 01 650 03 33 01 03 630 03
*Health services, n.e.c. 293 a0 ~685 10 1,700 18 2715 10 1.413 2 3,400 36
Legal services . . 5 - 10 - - 26 0 134 02 3 05
Educational services . . . e . 3679 06 7,292 10 15,200 19 7,700 13 22,147 29 44,500 55
Elemnentary, ucondav . . 478 01 1,152 02 2 05 97 02 3,002 06 4,300
Colleges and unveesities N L] 2720 a7 5. 26 10,710 A7 6,205 39 17,429 K 35,450 157
‘ Libraries . . e 03 06 1 13 34 04 2 20 6 43
Eduﬁuonal serv'cos n oc PP . . 358 4 784 22 1,700 34 492 20 1511 41 4,100 83
Museums, art gelleries, 2oos . . . 5 02 14 03 05 18 08 13 190 21
Nonprofit organizations . - PN 555 04 1,087 06 2,200 n 1,162 .08 3.247 17 6,500 26
Rehgious organizations. . R . - - - - - - 1 02 375 - 05 510 06
* Welface services e v . 364 08 706 11 1.450 16 453 RA 1,236 19 2450 26
Nonprofit membership oroamnnom 190 05 -3 7 12 581 15 1,636 33 3.540 59
- Olhtv professional, related services 5,639 58 13,958 107 31,200 191 6.581 .80 3,288 1.80 52,500 k¥il
1ng and sorv-ccs 761 24 2.1 43 4 72 602 19 2,382 48 5,
Acoounllng. suditing A ‘e 3,847 1.29 9.387 212 22,000 367 5,139 1.72 18,380 415 39,900 665
Misc. professtonat services . .- 1,031 50 2,450 4,700 109 840 41 2,526 70 6,7 155
Government, total ., . . 13,547 32 0,94 43 420001 - 7N 14,684 34 37,340 74 89,200 1.50
Federat public administration. . . . 10,448 46 15,094 66 23,500 99 9,432 42 20, Nn 42,000 176
Postal service . 143 02 1 339 .05 1.000 18 213 .03 7154 N 2, 30
her Federal public admmmranon .1 10,333 87 14,755 23 22,500 123 9,219 .59 19,910 125 40,000 232
N T Stfie public administration . 1,989 32 49 11,000 97 3.157 51 10,135 112 29,000 2.56
Lodal public administration 08 7.500 pi | 2,095 15 6.541 35 18,200 75/

Sef notes at end of table
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3 Keypunch ogerstors

Omdn pctvohum and naturst o

Nonmetallic mining, quarrying
Comstruction

General contracton, exc. budding

Spectal trade contractors

Manufacwrnng
Oxrable goods
Ordnaice
Lumber and wood products
Logging
Sawmalls, planeng mitls
Misc wood products

Furnitute snd fixtures
Stone, ciay, and glats products
Glass and glass products
Camant, concrete, plaster
Structural clay products
Pottery and related products
Musc, nonmetallic stone
Primary matal industnes v
N Blast furnaces, steel works
Other primary steel
Primary sluminum |
Other primary nonferrous
Fabescated mets! products
Cutiery, other hardwere
Fabricated metal products
Screw machine products
Metal stamping
Misc, metal products .
Machinery, except slectrical y
Engenes and turbines . , .
- Farm machinery, equipment,
Corstruction machinery
Metaiworking machinery v
Otfice, accounting machinery
Electronic computing equipmaent
Machinery, ne c
-..Esectrical machinery .
Howsehold sppliances

Radio, TV, communications equipment

Elsctncal rmdurwry nec
Transportation squipment .
Motor vehicle squiynent
‘ Asrcraft snd perts .
Ship, bost burtthing, reparr
Railrosd squipment e
Mobuls dweilings .. .

hJ

netr

Scientific istruments ., . ..,

Optcal, health tervice supplies

Photo squipment and suppliss

Watches and clock devices |
Mesc. manuiactunng

Nomdurstie goods .

Food and kmdnd pvoducn .
Meatproducts .. . ..., ‘e
Dary products . . . . .
€anning snd Duurvmq .
Grainmuli products ., P
Bakery products N
Confectionery products

Toxtle midjproducts . . . . ... ..
Knitting mills ‘J PN

Dysing, tinishy

Misc, l-bnandploducu e
Paper and sllisd products . .
Pulp, peper, peperboerd milts
Papacbosrd continers, boxes .
Misc, paper snd pulp products . .

See notes st end of table,
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§ahie B-1, Continued—Industry distribution of computse smployment by occupetion, 1870, 1978, and projectsd 1960
v Keypunch opecstors Computer Service Techacians
1970 1978 1990 1970 1978 1990
. Incuctry Pore'-m Percant Percant P«e'om hrc'om . Poccant
of of of | o of of
Emeton | snory | ETIY | ey | S04 | sy | EPELOW naomy | ETY ey | ETERY | oty
employ- smploy- smoloy* smploy- smploy: smploy:
' ment ment ment ment ment ment
Punting and publahing . . 5997 052 4250 034 2,600 0.19 77 001 120 001 00 002
publshing, pmm-q . 830 22 693 15 500 09 24 01 80 01 140 .03
. 6.067 58 3562 K 2,100 .26 53 01 70 01 ~ 180 .02
i . 6,389 52 4,174 39 3,000 23 43 - 49 - 110 01
1,407 A 1,032 32 830 16 22 (0] 23 o0 80 .01
311 3 m 22 130 J2 7 01 8 01 20 02
528 A9 404 35 300 17 - - - = - -
1009 n 908 A9 780 35 - - - - - -
1,021 a2 828 82 810 37 01 1 01 30 02
559 52 424 59 300 433 - - - - - -
21 A0 m 28 130 .23 6 .01 ? 01 10 02
313 28 19| 2 120 KT - - - - |7 -, -
1,778 M ‘%388 57 800 51 15 01 23 o0 50 1<}
1.02 1,208 73 800 66 16 .01 23 o0 50 04
214 58 182 41 100 18 - - - - - -
2828 A5 2,148 29 1,500 19 15 - 18 - 0 -
1,758 81 1279 43 720 21 5 - 3 - 10 -
820 0 867 19 780 17 10 < 13 - 20 -
products . . . . . 1,100 34 632 26 3%0 17 ? - 8 - 20 01
Lesther tanning, finshing 74 28 42 19 30 2 - - - - - -
Footweer, except rubber . . . 780 35 483 28 240 18 - - - - - -
All other tssther products 246 38 157 25 90 13 ? 01 8 .01 20 .03
Transportation, other public utdat 23,113 48 12,972 31 12,550 20 526 01 818 01 1.580 02
Transportstion, totad & 11,09 39 8,039 24 5:250 15 101 - 135 - 230 01
Rallroeds, railwey express 5,304 86 2993 58 1,500 36 33 01 40 01 7% 02
Locst, interurben transit 310 08 178 04 100 02 5 - 4 - 5 -
¢ Street raiiways, bus lines 294 10 168 05 90 02 5 - 4 - -] -
Taxscad, sorvice . . 16 02 20 02 10 01 - - - - - -
Trucking snd wershousing 2,769 24 2,383 16 1800 Jg2 5 - 7 - 10 -
Trucking sernces 2,463 23 2,171 16 1850 R - - - - - -
Warshousing and storage 308 35 212 23 150 14 5 01 7 o1 .10 .01
Watar transpoctation 582 25 424 17 270 13 - - - - - -
Asr transportstion 1,479 A3 1,287 31 1,050 .20 51 01 76 02 130 .02
Pipelines . . . [ . 114 57 100 52 80 50 ? 04 ‘8 04 10 08
Teansportation services .- 533 50 674 40 450 18 - - - - - -
- 11 -
Communicstions, utilities, ssnutary services | 12,022 56 9,933 40 7,300 26 425 .02 81 .03 1,350 06
Comwmunications . ..... N 6687 [ 82 5,284 44 3800 27 369 [e<] 613 .06 1,226 .08
Telsphone (wire and radwo} 6,241 £9 4,880 51 3,440 32 248 03 401 04 950 .08
Telograph, misc. comm, services mnm 368 173 2?7 160 28 112 24 198 .31 250 41
Radio brosdcasting, TV . 275 21 1 13 200 .08 9 .01 18 .01 5 01
’ Utilities, tanitary services . . . . PPN 5,336 50 4,649 37 3500 25 68 .01 68 o0 125 1
Etectric light and power . . . s 1915 59 1979 1,800 43 45 .01 69 0 105 03
. Electnc—ges utilities . 1,902 97 1490 73 900 39 ] - 4 - 10 -
Gas, steem supply syﬂm 1,049 83 83 47 465 .28 ] - 5 - 10 o1
Water supply . 386 29 340 22 300 18 - - - - - -
Sennaryservices . .. ... 52 02 46 02 30 .01 - - - - - -
Other utilities, PP 3 A8 1 15 -] 05+ - - - - - -
42579 26 40,282 20 36,000 14 10,471 .08 18,737 09 48,000 18
25, 85 23,263 48 20,000 37 10,080 (- 28 17,961 37 44,100 82
wnomm axcept mic. wholessle 18279 83 | 18,542 50 14,000 37 9,638 38 | 17.288 52 42,750 114
Mator vehicies and equipment 2,507 25 2494 58 2,350 45 - - - - -
. Drugs, chemcals sified products 3,004 129 2415 | 90 1,650 57 8 - 7 - 10 -
Dry goods and spperel . 1,190 726 937 56 810 42 - - - - - -
. Food and related products 3,391 58 2,798 42 2,050 29 18 - 18 - 20 -
arm products—raw mnmau . o 335 32 344 22 320 32 - - . - - -
E"““ﬂ‘ goods .. 2,388 .75 2,153 57 1800 39 278 .08 435 12 970 21
Hardwers, plumbing . 1165|¢ 88 ¢ 937 A5 820 .37 - - - - - -
¢ Machinery, squipment, WPD"“ 4,319 58 4,473 42 4,200 34 9.338 126 8830 | 1 69 43,100 4.5
Misc. wholetale trade 7167 55 6,704 45 6,000 37 422 03 823 .05 1350 .08
Metsls and minerals, n ec 773 58 678 A8 825 38 22 02 48 03 110 .07
Petroleum products 1528 76 1311 56 1,100 48 12 .01 18 01 30 .01
Scrsp and waste materisl 37 04 39 03 0 03 - - - - - -
Alcoholic beverages 924 94 1,028 79 800 72 ? .01 12 o1 20 02
Paper end (1 products . 755 57 . 618 Al 550 34 19 01 2 02 30 02
~  Lumber, construction materials 393 24 355 .20 300 14 - - - - - -
/oo Wholemle trade, n.e.c 2,757 59 2675 49 2500 42 382 08 672 b 1,160 19
, Retadl tracie . 17,133 14 12,029 1 18,000 .08 411 - 778 A 1,900 .01
¢ Building motnruu e 538 09 448 .08 390 05 - - - - - -
/ Lumber, buldding matersals. . . . .. .. 264 07 245 05 230 .05 . - - - - S -
Herch and farm ce e s F 13 12 201 08 160 05 - - ., - - - -1
General merchandise, totat . .. .. .. 8,882 35 8,407 29 8,020 BE - - - - - -
Depertment, meil order . 8,877 A 6,989 36 6,985 23 - - S - - -
Limited price stores . . . . . 603 19 338 14 260 .08 - - - - - -
Vending mechine optnton 192 28 160 21 125 10 - - R N - -
Direct salling . . P 319 10 238 07 160 05 - - - - - -
Misc. merchandise nom . 891 29 834 21 490 10 - - - - - -
Food and deiry stores . . .. .. 2237 N 2A38 10 2210 .07 - - - .- - -
Grocerystores .. . ...... 2,048 12 2210 1 2020 .08 - - - - - -
Dsiry product stores . e 81 2 114 26 - % 22 - - - - - -
Retsi! bekeries .. . ......... 67 05 57 04 50 .03 - - - - - -
Fooxistorm, n@cC. . . . ... .. s 61 04 « 55 04 50 03 - - - - f - -
Auto deelers, ges stations 830 05 044 05 ,-850 .04 33 - 30 - 40 -
R Motor vehicie deslers . .. . . . . 483 08 489 .08 426 .04 23 - 21 - 30 -
Tire, Dettery, sCCessOry stores. . . . . . . . . 333 18 404 15 375 10 5| , - 5 - 1 -
Apparel end sccssories . . . . . 1438 19 1467 18 1,440 13 - - - - - -
Appersl, sccessory stores . . 10N A7 1,128 15 1,120 13 - - - - - -
Shosstores . ... .......... . . 365 24 341 20 320 14 ~| - - - = -
Fumniture mdapdm e PR 738 13 724 N 700 .08 (.73 .01 121 .02 300 .04
Home furnuhingstores . . ... ..... 399 12 363 09 330 .07 ~ - - - - -
Applince, TV, radiostores . . .. ... 339 18 an 14 370 12 es 03 121 04 300 106
Esunganddrinkingplaces . . . ... ..... 819 ford 881 02 740 01 - - - - - -
See notes st and of table, . N ’
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' .- 1970 1978 1990 1970 1978 1990
Industry Percant Percant Percent Percent Percent Potﬁm
’ emptoy- | O NEmpioy-] O | Empicy. o o [Emoior- O | Emotoy| O | Emoicy !
industry nckstry industry industry ndustry ' t
- A ment m mant WW ment WW ment WW ment snploy- ment m

ment ment ment ment ment mant

Retad Trace—Continued
Misc. reted tragle stores 1856 01 1,724 (S ] 1,650 007 312 002 625 03 1,560 007
Orug storm 588 13 468 09 410 08 - - - - - -
Liquor siores 8 97 88 05 - o] .04 - - * - - - -
Farm, gaecien supoly stores 12 10 147 09 150 08 - - - - - -
Jewelty stores 162 15 148 1" 140 09 - - - - - -
Fust and ice deshers . 305 26 195 18 120 12 6 1] ? 0 v 10 01
Retadl fomts . ~ 12 M 16 M 20 ()] - - - - - -
¢ Mesc. rrtad trade stoces 583 A3 oc4 10 720 308 0?7 618 09 1550 18
Funance, msunna read sstate 48,564 127 42,287 34 37,000 57 283 3} 627 0 1,300 02
Finence, totad . . 2,592 146 2815 105 21,500 70 178 0 85 | 02 990 03
Banking | 17,678 1.78 16908 | 127 16400 85 159 02 341 03 890 [+
Credit agencres 2878 80 3173 82 3,000 39 - - - - - -
Stock brokers, investment 3,038 118 2,534 34 2,100 81 19 01 44 .01 e 100 03
Insursnce . 028 1.78 18,763 117 14 600 74 105 ()] 142 ()] 280 ()]
Real estate . 48 - 909 27 900 06 - - -1 - - -
_Sarnices, ot / 63,038 k3 0814 28 668400 19 12,887 08 25,132 09 66,000 19
~ «- Hotsls snd loaging places 383 04 377 a3 370 02 3 - 2 - 10 -
. Hotels snd moteis 312 04 354 04 350 03 3 - 2 - 10 -
Lodomg Places, except hotets 51 02 23 0 20 - - - - - - -
Other personal services 595 04 337 02 320 02 5 - 3 - 10 -
Laundry, cleanmng 590 10 07 320 10 5 - 3 - 10 —
Muc. busineis sernces 22,718 1.69 32,490 | 1.22 30,200 72 8497 52 17,249 £5 45,130 108
Advertising R 0 289 19 190 13 4 - 3 - 10 )]
Buuness menagement sernces 2,149 1.20 2,407 87 2,350 51 334 18 698 26 1.800 39
Commarcial R&D . 511 58 538 40° 470 3l 80 09 148 1" 360 18
Computer programnwng 12,963 1155 13852 71 12,900 358 6541 5.83 12,851 889 34,940 N
Outective and protectve 192 14 09 340 05 15 0 N 0 70 0
Employment, temporary help 6,382 298 8818 | 223 8,30 132 - - - - - -
Services 10 busidings . - - - - - 36 0 €8 (3] 150 02
Other musc, services . 5,153 1.09 6529 83 5,750 54 1,487 3 3,450 4“4 7800 73
Automobtaie repair ternces 409 08 05 360 04 - - - - - -
Auto repair 4 - I 4 - - - - - - - - -
- Auto services, except repar 405 24 331 18 360 12 - - - - ’ - -
< QOther repair services - - - - - - 2,128 87 4,244 o4 12,700 2.57
Elsctrical repeir shops - - - - - - 993 el 1,339 102 4,200 229
rep8Ir servicey - - - - - - 1135 59 2,905 N 8,500 274
Maotion pictures, thesters . 414 17 %59 13 190 06 8 - 5 - 10 -
) Misc entertainmant . 173 04 283 03 230 03 - - - - - -
Mechical, other hesith - 8512 14 7,585 n 7,300 07 28 - 28 - 70 -
Howontals 5,614 19 6,000 15 5930 10 28 - 28 - 70 -
Convalescent m:munons 58 o 102 0 120 01 - - - - - -
Heelth serices, h e c. 840 31 1.483 22 1,250 13 - - - - - -
Lagel services 140 04 157 03 150 02 - - - - - -
Educatonsl unnen N 10,504 18 10,532 14 9620 12 268 - 382 01 520 01
Elernentary, facondery 1,943 05 1,799 04 1510 03 - - 23 - 20 -
Colleges snd urirversities 7,344 AT 7,343 36 6,780 30 191 .01 248 01 280 ()]
* Libraniss 49 06 0 04 30 02 - - - - - ~
Educstional services, n t: 1,258 50 1,350 37 1,300 .26 55 02 13 03 220 [+
Museurms, art galieries, 2008 8 03 9 02 10 01 - - - - - -
Nonprofit orgsmizations 3,852 28 3,702 19 3,700 15 53 - 85 - 150 [}
, Religrous ovwmuuom 459 +08 549 08 560 07 - - - - — -
' VWelfars services , 1,591 3 1555 24 1,550 + 17 8 - 8 - 20 -
Nongrofit membwsrnp orwnuuom 1,582 Al 1575 32 1570 el 47 .01 77 02 130 -
Other professions, related services 12,460 1.61 14,718 1.14 13950 - 35 1,697 21 3134 24 7.400 45
Engineening and srchitectural services 669 21 893 18 820 13 \F3 .04 3n .08 890 14
Accounting, auditing 10,716 3.58 12451 281 11870 198 1490 50 2879 80 6,230 104
Misc. professional tervicss . , . 1076 52 1,374 38 1,260 29 86 o4 144 O4 280 08
Government, totad . 34,757 82 31,0 82 26,000 44 1,005 o3 1,688 03 3,700 06
Federal public pdmmnmnon 18849 A3 15,080 59 12,000 50 1,039 .05 1824 07 3.575 16
Postal tervice . 213 03 266 04 200 .03 - - - - -
Otner Federal public sdminstration . . | 18,638 1.20 15,394 97 11,800 68 1,039 07 1,624 10 3,575 2
State public sdrministration . 10,181 185 9912 | 1.10 9,000 .79 12 - 15 - 2% -
Local public administration . L 5,747 A2 5,459 30 5,000 i) 44 - 49 - 400 -

n.e.c-* not elsewhere claasified.
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NOTE A desh denotes zero or less than 0 005 percent
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- Ap‘pendix C. Census -
Occupational Titles
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The 1970 Census of Population lists national”totals
for computer occupations in six categories. The six cate-
gories are designated as follows: Computer Program-
mer, Computer Systems Analysts, Computer Specia.liﬁ
n.e.c., Computer Peripheral Equipmen‘ Operato
JKeypunch Operators, and Data Processing Machine
Repairers. The BLS industry- occupational matrix has
adopted exactly these census computer occupational
categories. However, for purposes of this BLS comput-
er study, two of these common census and matrix_oc-
cupational categories have been combined. Data for
computer specialists, n.e.c., are combined with “systems
analysts” because the occupational titles that comprise
the “computer specialist, n.e.c.,” category seem over-
whelmingly to involve systems analysis functions. The
jo@ titles included in each of these six categories are as
follows: v

Computer Programmers
computer programmer
digital-computer programmer
electronic data programmer
programmer, computer
Univac-programmer

Computer Systems Analysts
computer analyst .
computer-systems planning .
computing-systems analyst
data-processing-systems analyst
digital-computer-systems analyst
engineer, systems
health-systems analyst, computer
manager, computer programming
systems analyst, computer systems
systems analyst, dita processing

Computer Specialists, n.e.c.

computer scientist

data-processing systems-project planner
engineer, computer application
methods analyst, computer

t software specialist

Computer and Peripheral Equipment Operators

card-tape-converter operator
computer-console operator
computer operator
computing-machine operator
console operator, clerical
digital-computer operator
high-speed-printer operator
K.S.T. operator

key station terminal operator
peripheral-equipment operator
tape-to-card-converter operator

Keypunch Operators

card puncher
card-punching-machine operator
encoder

encoder clerk

1.B.M. machine operator

1.B:M. operator

1.B.M. puncher

1.B.M. supervisor

1.B.M. verifier

key pugcher

~ keypunch operator

punch-card operator
punch operator, office machine
verifying machine operator

Data Processing Machine Repairers

computer’s service man—
data-processing-machine rental

data-processing-machine serviceman

engineer, customer’s

1.B.M. installer
mechanic:

computing systems
data processing
electronic computer
1.B.M. machine

”




Appendix D. Glossary of
Computer Terms

ADP—Automatic data processing.

ALGOL—A higher level programming language used
for scientific applicatiogs.

Alphanumeric—A set of characters that includes letters,
numbers, and special symbols such as punctuation or
mathematical notations.

Analog computer—A computer that operates on data
represented by measurable physical quantities (speed,
temperature, voltage, etc).

Applications programming—Development of pngr'ams
to meet specific user needs, such as inventory control,
payroll, and reservations systems.

Assembler—A computer program that converts the
user’s instructions written in alphanumerics into a form
that the machine can understand.

Automation—The development and application of
methods of making a process self-moving . or
self-controlling.

Auxlliary storage—Any devnce that supplements the
main storage area of a computer.

BASIC (Beginners All-Purpose Symbolic Instruction
Code)— A programming language that is relatively easy
to learn and can be used for a variety of applications.

Batch processing—A method that uses one program to
process accumulations (batches) of similar data.

Binary—A numbering system based on 2’s rather than
10’s. Only the digits 0 and 1 are used.

Bit—A binary digit (0 or 1). »

Byte—A sequence of eight binary digits usually
operated upon as a unit.

Canned (packaged) programs—Programs prepared for
users in machine-readable form by vendors or software
firms’to meet specific applications.

Card punch—A machine that encodes data_ onto
tabulating cards m patterns of round or rectangular
holes. Card punches may be activated by computer or
from a keyboard.

Card reader—A machine that franscribes data from
punched cards to main computer storage or auxiliary
storage devices.

Centralized data processing—Data processing organiza-
tion in which the user places all computing powgr at one
site. ,

Character—One of a set of elements that may be
arranged in ordered groups to express information. Each
-character has two forms: 1) A form that can be read
by humans—the graphic, including the decimal digits
0-9, the letters A-Z, punctuation marks, and other
formatting and control symbols; 2) a form that can be
read by computers—the code, @isting of a group of
binary bits. :

COBOL (Common Business Oriented Language)—A

higher level programming language designed for
business applications.

Coding—Prepaning a set of computer instructions from
a detailed flow chart to perform a given action or solve
a given problem.

COM (Computer Output on Microfilm)—An auxlllary
computer device that produces microfilm records from
computer-generated data.

Compiler—A computer program that converts a higher
level language into a machine language pr%gram.

Computer—A device capable of accepting a series of
logical operations, applying prescribed processes to the
sequence, and supplying the results of these processes.

Computer, off-line—A computer not actively monitor-
ing or controlling a process. ‘
Computer, on-line—A computer actively monitoring or '
controlling a process. .
Console—The part of a computer used for manual
control and observation of the computer system.

Core storage—The main storage area of a computer
containing arrays of magnetic cores, which hold
instructions and/or data to be processed.

CPU (Central processing unit)—That portion of a
computer containing the arithmetic, logic, control, and,
in some cases, main storage devices.

CRT (Cathode ray tube)—A device similar to a television
screen upon which data can be stored or displayed.

Data—Basic elements of information—facts, numbers,
letters, symbols—that can be processed by a computer.
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Data collection—The act of bringing data from one or
more locations to a central location.

Data communications—Movement of data from one
point to another by electrical transmussion systemy.

Data processing—A series of planned actions and
operations upon data to achieve a desired result.

DDP (Distributed data processing)—Data procéssing
organization that gives computing power to the person
who can immediately and most efficiently use the
information.

Debugging—The process of determini‘pg the correctness
of a computer routine, locating any errors, and
correcting them. Also, the detection and correction of
-malfunctions in the computer itself.

Digital computer—A computer that solves problems by
using coded numbers to express all quantities and
variables.

Downtime—The time interval during which a d&vice is
not working properly.

EDP (Electronic Data Processing)—Equipment that
processes data by electronic means; e.g., analog or
digital computers.

EFTS (Electronic Funds Transfer System)—Method of
handling monetary transactions, such as bank deposits
and bill payments, using computers and other electronic
equipment instead of paper.

“External memory—A storage facility or device, such as
magnetic tape, which is not an integral part of a
computer. .

File—A collection of related records; e.g., a complete
set of invoices in‘an invoice file.

Firmware—A set of functions built into the computer

hardware that would otherwise be handled by software

or special purpose logic.

FORTRAN (Formula translator)—a higher level

prpgramming language designed for mathematical,
ientific, and engineering applications. _

neral-purpose computers—Comp'uters that are
primarily character or byte-oriented and programmed
in higher level languages.

Generation—A stage of technological advafise in
computers,  First-generation = computers  were
characterized by their use of vacuum_tubes; second
generation, by transistors; and third generation, by
integrated circuits. r.

Hard copy—Printed copy of machine output, e.g.,
reports, tables, listings, documents, and other business
forms.

Hardware—The actual equipment used in a computer

system, including peripheral equipment such as printers
and tape drives, as well as the computer itself.

Q
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"Higher level lan
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High speed p‘rinter-—Computer output printer that prints
all of the characters on a line simultaneously
ge—Programming  language
designed for a specific range of applications and relative
ease of use.

Input—Information representing data to be processed
and instructions to control processing, which is moved
into the internal storage of a data processing system

Instruction—A coded statement or command that
causes a data processing system to carry out an
operation. . .

Interface—The interconnection between two pieces of
hardware or two systems that have different functions

Internal storage—Memory devices, such as magnetic
cores, forming an integral physical part of a computer
and directly controlled by the central processing unit.

Key-to-disk, key-to-tape systems—Systems for entering
data directly onto a disk or tape by typing at a keyboard.

Keypunch—A keyboard-operated device that punches
holes in a card to represent data.

Key verifier—A device, similar to the keypunch, used
to make sure that data have been correctly punched
into cards.

Line printer—A printing device that accepts information
directly from a computer and prints one line at a time.

Machine language—Language that can be understood
and interpreted directly by a computer.

Magnetic disk—A flat, circular plate with a surface that
cdn be magnetized to store data. .

Magxietic ink—Ink that contains particles of iron oxide,
which can be detected (read) by machine sensors

Magnetic tape—Tape with a ferrous oxide surface upon
which data can be stored.

Main-storage—The general-purpose storage area of a
computer (same as internal storage).

Memory—A device or medium used to store
information in a form that can be understood by the
computerhardware.

MICR (Magnetic Ink Character Recognition)—Machine
recognition of characters printed on a document with
magnetic ink.

Microfiche—Sheet of film used for displaying computer
output using a small amouht of storage space.

Microfilm— Photographic filmstrip used for retaining
récords of printéd document while utilizing a small
amount of storage space.

Minicomputer— Small, general-purpose computers that
are part of a family that has at least one product in the
$2,000-$25,000 price range and comes with at least 4K
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RAM. Size classes are’Supermini, Traditional Mini, and
Micro-mini.

Multiprocessor—A computer system incorporating
multiple arithmetic and logic umits for simultaneous use.

- Multiprogramming—A  techmque for  handling

- numerous routines or programs  seemingly
simultaneously by overlapping or interleaving their
execution; that 1s, by permitting more than one program
to time-share machine components.

Numeric—A machine alphabet that includes only
numerals, 1n contrast to alphanumeric, which has both
letters and numerals.

OCR (Optical Character Reader)—An information
processing device that accepts prepared forms and
converts data from them to computer output media via
optical character recognition.

Off-line— Pertains to equipment or devices not in direct
communication with the central processing umt of a
computer.

On-line—Pertains to equipment or devices directly
connected to the central processing unit.

Operating system—A program that controls the overall
execution of computer programs. It 1s available to the
computer at all times, either n internal storage or on
auxiliary storage.

Operations  research—Application of  scientific
principles to business management. This may mvolve
setting up mathematical equations to depict business
problems.

Original equipment manufacturer—A —compan;y that
purchases computer hardware for use as components
in the systems that it sells. '

Output—Processed information recorded on a medium
/such as a husiness form or magnetic tape.

Peripheral equipment—Any equipment ofher than the

central processing unit of a computer, such as a printer,

card reader, terminal, or tape drive that provides outside

communication to the system.

PL/Y—Higher level programming language with a wide
varitty of features and applications.
Printer—A device for writing out computer results as
numbers, words, or symbols.
Process control computer— A computer that controls a
production process, such as steelmaking, petroleum
refining, or electric power genération.
Processor—The¢ hardware or software capable of
performing or directing the performance of many
functions.
Program (noun)-—A plan for the solution of a problem.
A complete program includes plans for the transcription
of data, coding for the computer, and plans for the
Q
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absorption of the results into the system The list of
coded instructions is called a routine.

Program (verb)— To plan a computation or process from
asking a question to delivening the results, including the
integration of the operation into an existing system.
Thus, programming consists of planning and coding
including numerical analysis, ( systems analysis,
specification of printing formats, and any other functions
necessary to the iptegratian of a computer n a system

Punched card—A piece of lightweight cardboard dn
which informatipn is represented by holes punched in
a specific positions.

Real time—The actual time during which a physical
process occurs. Pertains to the performance of a
computation during the actual time that the related
physical process occurs, so that results of the
computation can be used in guiding the physical process.

Record— A group of related facts or fields of information
treated as a unit. For example, one invoice is a record
in a file containing many invoices.

Run—Execute a computer program.
Scanner—That portion of a reading machine having

functions of locating materials to be read and converting
the optical signal to an electrical signal.

Small business computer—Small, general-purpose
computer marketed by mainframers to smaller
businesses and first-time users. Prices range from $10,000
to $285,000.

. . . ¢
Software—The programs, operating instructions, and
other documents that make it possible to use a computer
for a specific application.

Source document—An original document from which

_ basic data are taken.

Storage—Pertains to-devices capable of retamning data
and delivering them on demand at a later time
Systems analysis—Examination of an activity,
procedure, or method to determmne what objective 1s
desired, and how operations must be carried out to
reach the objective.

Systems programming—Development of programs, such
as compilers and operating systems, that control
computer operation.
Telecommunicatiogs — Transmission of data in the form
of signals over long distances via telegraph, radio, or
other communications lirfes.

Terminal— An on-line data entry and display device,
usually located away from the central processing unit.
If the terminal is ‘intelligent’, processing devices are
built into it and it also can be used for data manipulation.
Throughput —Productivity based on all facets of an
operation, e.g., a computer that can read, write, and

1y
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compute sumultancously would have a high throughput
rating.

* ‘Time-sharing—Use of one computer by several
independent users.

’

Unbundling—Marketing method in which the computer

13
vendor sells hardware, software, training, and other
services separately rather than as a single package.

Universal Product Code—A standard system of marking
for labels, adopted by the major supermarkets, food
manufacturers, processors, and distributors for use wnth
computcnzed checkout equipment

*US GOVERNMENT PRINTING OFFICE 1981--361.270/4931
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