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COMPUTER MANPOWER IN TIIE UNITED STATES - SUPPLY AND DIEIAN D

John 1% . Hamblen
Chairman and Professo r

Computer Science De p artmen t
University or Missouri-Roll a

Rolla, Missouri 651(1 1

ABSTRAC T

At a time when new departments of computer science, data processing, informatio n
science, information systems, etc . are being created and existing departments are tryin g
to grow and compete with more established disciplines for scarce resources, it seem s
imperative that we attempt to keep abreastoF the needs of industry and government for
the graduates of these programs . This need must he monitored and matched against th e
production of graduates at all appropriate levels . The author has assembled extensiv e
data on the latter over the past eight years while at the Southern Regional Education
Board in Atlanta, GA (USA) during the period 1965-72 and currently at the University o f
Missouri-Rolla .

	

The data was collected and published with support from the Nationa l
Science Foundation .

	

In this paper the author also develops estimates of computer man -
power need and compares these estimates or need with estimates on production . Thes e
comparisons are presented on a State-by-State basis as well as National .

BACKGROUND

In "The Job Gap for College Graduate s
in the ?Os" (Business Week, Sept . 23 ,
1972), Howard Bowen was reported to hav e
said that "What it will take, he says ,
is a realization that the problem i s
not overeducation but unclerutilizatio n
of educated people ." This may he tru e
in the case of computer manpower, th e
problem is not overedneation but over -
utilization of undereducated people .

purposes .

Throughout the paper, I have attempte d
to make my assumptions and subsequen t
model as transparent as possible .

	

IC my
readers feel that their information o r
intuition is better, they can adjust th e
assumptions and make their own estimate s
of manpower needs .

During the period 1966-?2 the Compute r
Sciences Project of the Southern Regiona l
Education Board

	

(SREB) conducted thre e
surveys''* on Computers in U . S . Highe r
Education including their utilization an d
related educational programs . Thes e
studies have resulted in three publica-
tions . 1 , 2 , 3 The first was published by
the SREB and the latter two by the Nationa l
Science Foundation .

The first survey was a stratifie d
random sample of 739 institutions, from a
population of 2219, selected by systemati c
random sampling within strata by the U .S .
Office of Education . Six hundred sixty -
nine or 92 percent of the institutions i n
the sample responded .

The base year for data collection wa s
1964-65 and projections were requeste d
from the institutions for 1968-69 .

	

The
data collection instrument was designed b y

the Mathematical Sciences Section of NS F

It is my intent then to presen t
estimates of computer manpower base d
upon the best, though limited, dat a
available, classified by job class-
ifications and level of education whic h
I estimate will be required for replace-
ment of current personnel and to fil l
new positions .

	

Better data is availabl e
on manpower production than on utiliza-
tion through the efforts of SREB Compute r
Science Project and the America n
Federation of Information Processin g
Societies with support from the Nationa l
Science Foundation . Data from the Bureau
of Adult, Vocational, and Technical Educ a
tion of the U . S . Office of Education ar e
also uti l ized .

	

Manpower production i s
then matched against estimated needs .
Wherever possible, data relating to th e
States, individually and collectively ,
are reported .

	

It is hoped that the ne t
result will be useful to states, institu-
tions, and federal agencies for plannin g

*This paper is an adaptation and an extensio n
Regional Education Board in 1973 .

'' F Contracts NSF C465, 508 and 604 .

of one prepared for the Southern
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to meet their existing program needs fo r

planning . Consequently, emphasis wa s
placed upon the financial aspects of col-
lege and university computer center opera-
tions and only limited information wa s
gathered with regard to manpower trainin g
and utilization .

The second survey was much more com-
prehensive and was sent to all institu-
tions of higher education listed on th e
U . S . Office of Education's Higher Educa-
tion General Information Survey (HEGIS )
file . Nineteen hundred sixty-five o r
79 percent of the 2477 institutions res-
ponded . The data collection forms wer e
designed with the advice and counsel o f
thirty or more national professional an d
institutional associations and governmen t
agencies . The base year for reportin g
data was 1966-67 . Extensive modification s
were made in the data collection form s
for the third survey . The base year wa s
1969-70 .

ASSESSMENT PROBLEM S

Problems resulting from lack o f
standardization in the computer industr y
are well-known . Unfortunately, the
educational and occupational nomenclatur e
also suffers this malady . The shifting
of terms and definitions over the year s
can inject disastrous consequences o n
estimates and, particularly, projections .
Attempts to make comparisons with othe r
studies become even more hazardous .
Projections based upon the three survey s
described above will be presented . Two
papers 4,5 by Gilchrist and Weber wil l
be referenced for further data on suppl y
and demand for computer personnel i n
the U .S .

MANPOWER PRODUCTIO N

Educational programs in Computer
Science, Data Processing, Informatio n
Science, etc ., exist in institutions o f
higher education at all levels . Two
year programs terminate with an associat e
degree and four year programs with a
bachelor's degree . Master's and doctor -
ate programs exist at many institutions .
Although computer science and data prod -
sing are by far the most populer names ,
there appears still to be far too many
different names used for educationa l
programs in institutions of highe r
education . Further consolidation i s
necessary to ensure a healthy and unifie d
development of the disciplines . The
efforts of the ACM Committee on Compute r
Science 6 and the ACM Committee on Compute r
Education for Management 8,1 3 have and
will continue to have a unifying influenc e
on academic programs in computer and in -
formation science . The work of thes e
committees was supported by the Nationa l
Science Foundation .

Since 1966-67 the numbers of degre e
programs have doubled with the highes t
increase nearly threefold at the bachelor' s
level . Three out of five of the latte r
programs are called Computer Science an d
the next largest group (26) are designate d
as Data Processing . Twenty (20)new pro -
grams in Computer Science at the bachelor' s
level were expected to be started durin g
1971-72 and the next highest increase wa s
expected to be at the master's level i n
Computer Science with sixteen new programs .

After the reports 8 , 13 of the ACM
Curriculum Committee on Computer Educatio n
for Management have had a chance to b e
circulated and implemented I expect to se e
a surge in the master's and bachelor' s
level programs in Information System s
(Analysis and Design) ,

The numbers of majors enrolled i n
undergraduate programs have nearly triple d
and numbers of graduates per year hav e
increased fourfold between 1966-67 an d
1969-70 . 12 I do not expect significan t
changes in current trends for the nex t
two or three years . Table I shows my
estimates of degrees to be awarded durin g
the year 1974-75 .

COMPARISON WITH HEGIS DATA

Gilchrist and Weber s refer to clas-
sification differences which exist betwee n
the HEGIS data and the data which I col-
lected at SREB . The main reason for dif-
ferences in numbers of graduates reporte d
is that HEGIS data, in general, reflec t
graduates of so-named departments only .
For example, graduates of mathematics
departments with computer science option s
would be classified as mathematics (or a
subheading) and not computer science . Th e
same would, in general, be true o f
graduates of other departments (EE, 1E ,
etc .) with computer science options .
Likewise, graduates of departments i n
business with options in systems analysi s
would not be reported under system s
analysis .

	

For this reason, the data re -
ported in the inventory conducted by m e
at SREB should be considered to reflec t
more closely the actual numbers of grad-
uates being produced in these compute r
related fields .

Computer Manpower Production by Highe r
Education by States

Table II gives the numbers of degre e
programs and graduates reported by th e
institutions of higher education in each o f
the fifty states . To obtain estimates o f
the total numbers of degree programs offer-
ed and total numbers of graduates, each o f
the reported totals were multiplied by th e
same factor, 1 .34, (i .e . Total Number o f
Institutions/No . of Instituions Reporting) .
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It should be pointed out that severa l
programs may be offered by a single institu-
tion .

	

For example, the School of Infor-
mation and Computer Science at th e
Georgia Institute of Technology account s
for all three doctorate programs i n
Georgia and three of the four master' s
programs .

	

(Information Systems, Compute r
Science and Information Science . )

Computer Manpower Production by Post -
Secondary Vocational School s

The only data available on Post -
Secondary Vocational Schools is from th e
Bureau of Audit, Vocational, and Tech-
nical Education, Division of Vocationa l
and Technical Education, IISOE, HEW .
There is some duplication of institution s
included in this data with those in th e
REGIS file used for the higher educatio n
data, At present no estimate of th e
duplication is available . The Office o f
Education has recently developed a
directory of vocational institutions .
Perhaps at a later date, the duplicatio n
can be estimated with greater accuracy .
In the meantime, I will adjust the post -
secondary vocational enrollment an d
graduation figures downward by 10% t o
allow for the duplication with th e
higher education figures . Since I am
concerned only with estimates relatin g
to post-secondary education, I will not
be concerned with the potential overla p
which may exist in the secondary are a
with other studies .

Table II is obtained by using dat a
from bulletins dated June and July ,
1972, Vocational Education Information ,
No . I and No . II, respectively, an d
from state data obtained directly from
Mr . Harold F . Duis, Reports an d
Statistical Data Section, Division o f
Vocational and Technical Education .

The Office of Education report s
(1971) that 15% of those completin g
the post-secondary vocational progra m
are unavailable for placement and 80 %
of those placed take jobs in the fiel d
for which they were trained or a relate d
field . The net result is that at mos t
68% of those completing the post -
secondary vocational program are placed
in the job for which they were trained
or a related field . Slightly over hal f
(52 .4%) of those unavailable for place-
ment continue their education on a
full-time basis . This would amount to
about 8% of the total completions . We
could argue that these percentages (68 %
and 8%) may be a little low for Busines s
Data Processing and Scientific Dat a
Technology, so let us use 75% and 10% .
That is, three out of four of thos e
completing the post-secondary program
take jobs in a computer environment and
one in ten continue their education .
Since we do not have data on completions

by state, we must estimate these . The
post-secondary programs are primarily two -
year programs . Therefore, no more tha n
one-half of those enrolled in a give n
year should complete their program i n
that year . This is high due to drop-out s
and extra length of time required for som e
students to finish . Thirty percen t
completion is probably closer and compare s
with data reported by Gilchrist and Weber
for 1971 .

OPERATIONS PERSONNEL ,

This group of job classification s
associated with the operations of compute r
facilities usually require a two yea r
college program or equivalent . Thos e
described in "Occupations in Electroni c
Computing Systems" by the U . S . Departmen t
of Labor include :

Digital Computer Operato r
Electronics Mechanic, Compute r
Manager, Electronic Data Processin g

(small installations )
Supervisor, Computer Operation s

Other jobs listed which usually requir e
only high school. graduation are :

Coding Cler k
Data Entry Operator s

Card-Tape-Convertor Operato r
Data Typis t
Key-Punch Operato r
Verifier Operator

Computer-Peripheral-Equipment Operato r
High-Speed-Printer Operato r
Sorting-Machine Operato r
Tape Librarian (magnetic tapes, disks )

Many of the graduates of the two-year
programs will enter these latter position s
particularly at the supervisory level s
simply because of supply and demand varia-
tions .

	

I estimate that about 20% of thes e
positions will be filled by persons wit h
2 years of college . Gilchrist and Webe r
estimated that there were 440,000 key -
punch operators employed in the U . S . in
the 1970s . With more efficient data-entry
machines (magnetic tape encoders) becomin g
wide-spread and the increased use o f
optical readers (OUR), I doubt that th e
number of keypunch operators has increase d
at all and possibly has decreased . Assum-
ing that each of the 35,000 computer in-
stallations averaged one tape librarian ,
one sorting-machine operator, one high-
speed-printer operator or peripheral-
equipment-operator, an estimate o f
560,000 persons employed in this categor y
is realistic .

	

Therefore, 112,000 (20°% x
560,000) jobs can be filled by person s
with two years of college . (See Table s
IV and V . )

ESTIMATES OF CURRENT COMPUTER MANPOWE R

In order to estimate computer man -
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power needs, I must first estimate exist-
ing manpower so that I can project need s
in terms of growth and replacement . Fo r
the 35,000 computer installations in th e
U . S ., I estimate that there is a n
average of three (3) administrators, fiv e
(5) analysts, three (3) systems program-
mers, seven (7) applications programmer s
and six (6) operators .

	

(See Tables II I
and Table V .) The previous estimate o f
560,000 other operating personnel bring s
the average staff per installation t o
40 .

	

This may appear a little high a t
first but we must keep" in mind that eac h
installation has on the average 2-1/ 2
computers, or looking at it in a differen t
way, the estimated 35,000 computer instal-
lations include all of the major installa-
tions, i .e ., installations With mediu m
and large scale computers .

REPLACEMENT POTENTIAL FOR COLLEG E
GRADUATES

The number of Ph .D .'s in Compute r
and Information Sciences required i n
staffing computer installations is dif-
ficult to estimate .

	

For installation s
in the institutions of higher educatio n
four percent of the staff members hel d
doctorates in 1966-67 and 1969-70 .

	

Even
though the numbers nearly doubled (57 0
to 1003) the percentages remained abou t
the same . 12 This percentage is highe r
than we would expect in general fo r
computer installations . Even one per -
cent, or 14,000, might be a littl e
high and one-half percent (7000) a
little low .

	

Looking at it anothe r
way, if we assume that one out of fiv e
of the 35,000 installations average one
Ph .D . per installation, this would b e
7000 Ph .D .'s employed in computer in -
stallations .

	

These arc probably dis -
tributed between management and ana-
lysts in a ratio of about five to two ,
i .e ., 5000 in management and 2000 a s
analysts (primarily operations researc h
analysts) . To these numbers we shoul d
add an additional 1500 (1273 reporte d
in 1969-70) persons holding doctorate s
and employed by colleges and univer-
sities as professors and not associate d
with a computer installation . 1 2

The master's degree is quite com-
mon in the management, analysts and
systems programmers categories and no t
too uncommon among applications program-
mers, and some top supervisory position s
attract M .S . graduates in the compute r
and information sciences .

Table V gives my estimate of th e
distribution of computer staff by leve l
of education that I believe to be desire d
for replacement if an adequate supply o f
manpower is available at these levels .
During the past years, companies hav e
had to take what staff they could ge t

and train or retrain them . This is an
expensive route and therefore I believe

that, given a choice, industry would prefer

to hire trained personnel .

	

In terms o f

formal education, I believe that we ar e

overutiliaing undereducated people in th e
computer related occupations .

My next step will be to construc t
similar estimates for the States with res-
pect to total computer manpower by level o f
education desired for replacements . My
basic assumption will be that non-highe r

education computer centers (hence staff )

are distributed by States in the same
proportion as higher education compute r
centers (staff) as reported in the 1969-' 0
NSF Inventory of Computers . Estimates for
the number of computer installations in
higher education in 1973 will then be

obtained and related to the 35,000 U .S .

computer installations estimated b y
Computers and Automation .

During the period 1966-67 throug h
1969-70, the number of computer installa-
tions in colleges and universities increase d
from 1106 to 1673 or at the rate of 18 9
per year . 2 , 3 Tf this rate is used t o
estimate the number of computer installation s
for 1972-73, we get 2240 or 6° of the 35,00 0
computer installations in the U .S .
Assuming that the number of computer instal-
lations in institutions of higher educatio n

in each state increased at the same rate ,
we obtain the "Estimated Number of Instal-
lations, in Higher Education" for each o f
the States in Table VI . By applying thes e
percentages to each of the entries in th e
Total row of Table V, I obtain th e
"Estimated Distribution of Computer Staf f
by Level of Education Desired for Replace-
ments for each State, 1972-73," (se e
Table VII) .

Future Commuter Manpower Need s

The two principal factors which wil l
determine future computer related manpowe r

needs are replacement and growth . Replace-
ment needs are largely due to deaths ,
retirement, change of field and emigration .

Needs for Replacemen t

For 19 7 1 the overall U .S . death rat e
was estimated l0 to be 9 .3 per 1000 and ha d
been dropping by .1 per year since 196 8
with fluctuations from a maximum of 9 . 7
since 1949 . An overall death rate of 9 . 1
is a reasonable estimate for

	

1973 .

	

How -
ever, this is too high for the curren t
computer manpower population . Referenc e
[10] also gives the death rates for white
males as follows :

Age Group

	

Rate

	

15-24

	

1 . 7

	

25-34

	

1, 7

	

35-44

	

3 . 3

	

45-54

	

8 . 5

	

55-64

	

21 . 6
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Since the model class for current com-
puter manpower is probably the 35-44 ag e
group with the 25-34 age group running a
close second, 3 in 1000 is a good estimat e
of overall replacement needs due to deaths .
However, we need estimates for each of th e
education levels .

The persons most likely to he replace d
by the two-year and four-year graduates
are those who have been in the data proces-
sing field before computers and are in th e
above 45 categories . This plus the fac t
that there is a tendency to promote from
within will cause vacancies due to death s
to open up positions in the lower rank s
for people just entering the field .

	

Fo r
these reasons, a replacement rate of S
per 1000 appears logical for the 2-rear
and 4-year groups .

	

By the same reasoning ,
a rate of. 2 per 1000 appears reasonabl e
for the M .S . and Doctorate categories .

Retirement tends to impact th e
senior positions, hence, will provide a
greater proportion of direct entry posi-
tions at the higher education levels .
However, because of the promotion Cro n
within effects my estimate of replacemen t
needs due to retirement will he uniform
for all education levels .

	

For thi s
estimate, we need to know how many o f
those presently (1972-73) engaged i n
computer related jobs are age 65 .

	

Fo r
1972 10 , there were 42,340,000 person s
in the 45-64 age group .

	

Even after
allowing for differences due to deat h
rates, there were at least 2,000,00 0
people who were age 64 in 1972 and ar e
now age 65 .

	

This is approximatel y
1 .7% of the total population betwee n
ages 18-65 . The manpower needs du e
to retirement would then be a rate o f
17 per 1000 .

For lack of any information to th e
contrary, I will assume that immigratio n
to the U .S . and to the computer field
is balanced by emigration from th e
computer field and from the U . S .

Computer Manpower Needs for Growt h

According to the "Monthly Com -
puter Census" published in Computer s
and Automation 9, the number of com-
puters installed in the U .S . increase d
by approximately 60% during 1972 o r
from 50,000 plus to 80,000 plus . Some
of this apparent increase must be du e
to improved reporting and, of course ,
the recent influx of mini.-computers .
Uses of the computers continue to spread .
A 10% increase in computer manpower need s
at all educational levels seems realisti c
for the next 5-10 years . Table VII I
summarizes the above estimates for com-
puter manpower needs due to replacemen t
and growth .

These estimates say that we are

producing enough two-year post-secondar y
graduates in the computer field, but onl y
one-half of the needed doctorates and one -
tenth the number of bachelor's and master' s
levels needed . This reinforces my earlie r
statement that we are overutilizing under -
educated p eople in the computer related
fields . Others may wish to take exceptio n
to the assumptions which led to thes e
results .

	

If so, I hope that I have mad e
the procedures transparent enough so tha t
they can p roduce their own estimates . Eve n
if my estimates are off by 50%, we stil l
would have severe shortages indicated a t
the 4-year and master's levels for som e
years .

	

I will admit the possibility of a s
much as 10`3 error either direction on th e
"Estimated 1973 Production" figures an d
perhaps as much as 20% on the "Total Ne w
Personnel" needs estimates . The latter d o
contain subjective elements . The mos t
debatable element in this regard is th e
"Lstimated Distribution of 1972-73 Compute r
Staff. by Level of Education Required fo r
Replacements" given in Table V'II .

Table IX gives corresponding estimate s
for each of the States .

	

To obtain th e
production estimates, I will assume tha t
production at the various levels has in -
creased at the same rate in each state a s
was used for all U .S . (see figure 1) .

	

For
the "associate" graduates, the rate i s
(9000/7523) = 1 .20, the bachelor's graduate s
(5800/3375) = 1 .72, the master's leve l
(28(10/2069) = 1 .35 and at the doctorat e
level (450/342) = 1 .32 .

	

The post-secondar y
vocational institutions' production figure s
from Table I11 are added to the associat e
degrees to obtain the final 2-year estimates .
Before applying these factors to the reported
figures in Table II, each of those number s
should be multiplied by 1 .34 to allow for
production by non-reporting institutions .
The combined multipliers are then (1 .20 x
1 .34) = 1 .61 for associate degrees, 2 .3 0
for bachelor's, 1 .81 for master's and 1 .7 7
for doctorates .

COMIPARISON WITH BLS ESTIMATES AND PROJEC -
TIO\S FOR 198 0

In the 1972-73 Occupational Outloo k
Handbook published by the Bureau of Labor
Statistics it was reported that there wer e
over 100,000 systems analysts in 1970, ove r
200,000 programmers and over 200,00 0
operators . Assuming a 10% annual growt h
factor (Gilchrist, Computerworld, McGover n
of International Data Corporation, and U .S .
Department of Labor in the U . S . Economy
in	 1950, Bulletin 1673, p . 47, et . al . )
we can expect these numbers to double b y
1980 . This extrapolation would giv e
200,000 systems analysts, 400,000 program-
mers and 400,000 operators for 1980 . How-
ever, the 197 0

	

.estimate for systems analyst s
does not agree with the 196 8.figures given
in the U . S . Economy in 1980, p . 59, which
gives 150,000 system analysts for 1968 or
when extrapolated to 1970, 180,000 system s
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analysts for 1970 and 240,000 for 1973 ,
as compared to my estimate of 175,000 .
The projections for 1980 are presente d
on the same page and are 425,000 fo r
systems analysts, 400,000 for programmer s
and 400,000 for operators . Some of th e
differences result from definitions . I
would guess that some of what I cal l
systems programmers are counted by BL S
as programmers and others as system s
analysts since no such category a s
systems programmers appears in BL S
publications referred to above .

	

It i s
of interest to note (p . 59, also) that
systems analysts, programmers and com-
puter operators were expected to be th e
fastest growing occupations in the 1970's .

Management personnel are most likel y
to be counted under "Managers" in the BL S
classifications and on page 293 of th e
1972-73 Handbook there is an indicatio n
that what I call other operating personne l
(excluding card punch operators) are in-
cluded under Office Machine Operators .
In particular, operators of tabulatin g
machines and related equipment, where
such equipment is an integral part o f
a computer installation, would fall unde r
my classification of "other operatin g
personnel" .

In BLS Bulletin 1673 referred t o
above it was estimated that there woul d
be 120,000 computers in use by 1980 an d
that the number of process computer s
would reach about 17,000 .

	

I believe
that the 120,000 figure is conservative ,
depending upon one's definition of a
computer . In the same publication i t
was estimated that for the period 1968 -
80 there would be annual openings fo r
23,000 programmers, 27,000 system s
analysts and 20,400 operators, or a
total of 70,400 in just these thre e
classifications . Since these thre e
categories account for about two-third s
of my total estimates, extrapolation o f
the 70,400 figure gives about 105,00 0
annual openings per year, This numbe r
compares very well, under the circum-
stances with my estimated need o f
117,000 per year .

POST SECONDARY AND 2-YEAR PROGRAM S

The post secondary vocational an d
2-year programs are usually offere d
in isolation from each other and th e
higher level programs . Unless the
computer facilities can be shared fo r
administrative functions or other simila r
programs in other institutions, the min-
imum adequate computer installation cost s
of approximately $40,000 per year require s
that there be a total enrollment of abou t
400 students to come close to the $10 0
per student per year figure . Allowing
40 (10%) for students in other major s
taking courses in data processing, com-
puter technology, etc ., this leaves 36 0
as the minimum number of majors .

Assuming that approximately one-third o f
these complete the program each year ,
gives 120 graduates per program per year .
If all of the estimated 445 2-year program s
going in 1970-71 produced at this (120 )
level, we would be producing 53,40 0
graduates per year in the 2-year program s
alone .

	

I estimated 3 that approximatel y
half of the 2-year programs were weak i n
some respect . If these were discontinue d
and the remaining ones strengthened, we
would still be producing 26,700 graduate s
per year in the 2-year programs alone i n
addition to the post-secondary vocationa l
programs . As I see it, it is imperativ e
that the two-year programs be examine d
carefully, the weak ones eliminated, th e
others strengthened and that close con -
tact and cooperation be maintained wit h
the 4-year programs in order that approx-
imately half of the 2-year graduates ca n
move into the 4-year programs with minima l
loss of credits . The problems associate d
with transfer credits from the post -
secondary vocational school to college s
and universities are more complex . Never-
theless, the same contact and cooperatio n
with colleges and universities should b e
established and maintained whereve r
possible .

	

If something is not done soon ,
we can expect to have a glut in the marke t
for post-secondary vocational and 2-yea r
graduates during the next 5 to 10 years .

POUR YEAR PROGRAM S

Four-year programs grew from ninet y
(90) in 1966-67 to 276 in 1971-72 wit h
graduates increasing from an average of 6
per program in 1966-67 to 14 per progra m
in 1970-71 . 12 Growth for the four-yea r
programs was, and is, slow because no
federal programs have been aimed directl y
at implementing these programs as has bee n
done for the post-secondary vocational an d
2-year programs . Another reason for th e
slowness of growth has been due to a lac k
of qualified staff (i .e ., holders o f
advanced degrees) to man the programs .
This situation is changing rapidly . Ther e
are many faculty now on the market wh o
have doctorates in other areas, (Math ,
Physics, etc .) who are finding it mor e
and more difficult to join a computer
science department offering graduate pro -
grams but are well qualified to participat e
in stand-alone B .S, degree programs .

In Table IX my estimates show tha t
we have a national potential annual nee d
for 50,000 more B .S . graduates in compute r
science, data processing, and relate d
areas . Programs producing nearly 10 0
graduates per year (enrollment of approx-
imately 400 students) appears to me to b e
optimal .

	

(Obviously the small four yea r
colleges will not be able to attain pro -
grams of this magnitude .) This woul d
mean that 560 programs would be needed .
With only 276 during 1971-72 and half o f
these lacking in some manner 3 , there i s
need for considerable activity at th e
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4-year level .

The institutions involved and wantin g
to get involved in bachelor's level pro -
grams in computer science, data process-
ing, etc ., should study state and regiona l
needs, strengthen, broaden and expand
existing 4-year programs, delete othe r
weak programs and initiate programs where
state and regional need is indicated .

MASTER'S PROGRAMS

Master's degree programs grew i n
number from 98 in 1966-67 to 190 in 1971 -
72, Graduates increased from less than
8 per program in 1966-67 to 11 per pro -
gram in 1970-71 .1.2 The optimum size fo r
a master's degree program is one whic h
produces about 50 graduates per year an d
averaging an enrollment of more than 100 .
This implies the need for about 680 pro -
grains at the Master's level or more tha n
three times the existing number . Thi s
kind of growth at the graduate level i s
not in sight, unfortunately . With ne w
monies for higher education so few, suc h
expansion must come from a real locatio n
of existing resources by trimming th e
budgets of programs with decreasin g
enrollments . This is a slow and painfu l
process for university administrators .
Those "who have" are in a better position
"to get and keep" . With diminishin g
enrollment, teaching loads are lighte r
and time is available for a flurry o f
activity to keep what they have . A
growing department or one which ha s
potential for growth) is burdened wit h
teaching and activities associated wit h
large numbers of majors and cannot com-
pete on the same basis . The end resul t
is "those who have--keep" and there i s
nothing available for "those who need" .
Only the boldest and bravest adminis-
trations can counter this situation .

My recommendations for institution s
offering or wanting to offer master' s
level programs in computer science ,
information systems, etc ., is the sam e
as that for the institutions offerin g
or wanting to offer programs at th e
bachelor's level . Study state and
regional needs and then full speed ahead .

DOCTORATE LEVEL PROGRAMS

If we assume that a doctorate re -
quires on the average of three year s
beyond the master's and that one-thir d
of those who begin drop out after three
years or less, then doctorate program
with about 45 students enrolled woul d
graduate about 10 per year . Althoug h
this is a little high for average produc-
tion, it appears to be optimal to suppor t
the kind of master's and bachelor's pro -
grams I have stated as being optima ]
above .

	

If the existing (1971-72) 11 4
programs were producing at this level i n
the years ahead (5-10) we would be pro -

ducing about the number estimated to be
needed . Some of my colleagues have ex -
pressed concern that my estimates of need
for doctorates in systems programmin g
should be 200-300 and not zero (see Tabl e
V) .

	

In light of this (they were convincin g
in their arguments) and the fact that a n
average of 10 graduates per year i s
probably high, we could easily stand t o
have another 20-30 doctorate programs i n
computer science . Since new doctoral pro -
grams in general are a no-no, in so fa r
as state legislatures are concerned ,
emphasis should be placed upon state an d
regional cooperation to strengthen existin g
programs . Interstate and interinstitutiona l
cooperation is strongly indicated . Stat e
and regional studies should be made o n
production vs . need and indicated necessary
action taken .

SUMMARY

Upon further study of the data avail -
able I have reconsidered my appraisals o f
the need for new programs at the bachelor' s
and master's levels, and to a lesser degre e
at the doctorate level 12 . Large number s
of personnel have been able to enter th e
computer manpower pool in the past wit h
little training . The proprietary school s
had a "heyday" . Only the best and larges t
have survived . Large amounts of federa l
and state funds were poured into th e
vocational and 2-year programs . I question
the value of those operated at the secondar y
level and have estimated that there shoul d
be a weeding out of the weakest post -
secondary vocational and 2-year pro g rams .
I differ with Gilchrist and Weber 4 , S i n
that I do not think that secondary school s
will be significant producers of compute r
manpower . On the other hand, compute r
education at the secondary level shoul d
not be neglected . Secondary school s
should provide enough computer educatio n
so that the student can learn to liv e
comfortably in a computer assisted environ-
ment and also enough so that student s
pursuing post-secondary education can
judge whether or not they wish to pursu e
a program of study which will prepare the m
for entry into the computer manpower pool .
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TABLE VI

ESTIMATED DISTRIBUTION OF COMPUTER INSTALLATIONS BY STATES, 1972-7 3

State
Installations Reported
for H.E . 1969-70

Estimated Number Installation s
for H.E .

	

72-73
% of all U .S .

Alabama 28 38 1 . 7
Alaska 1 1 . 1

Arizona 19 25 1 . 1
Arkansas 7 9 . 4

California 127 170 7 . 6
Colorado 19 25 1 . 1
Connecticut 27 36 1 . 6

Delaware 5 7 . 3
District of Col . 15 20 .9

Florida 46 62 2 . 7
Georgia 44 59 2 . 6
Hawaii 7 9 . 4
Idaho 8 11 . 5

Illinois 105 141 6 . 3

Indiana 50 67 3 . 0
Iowa 28 38 1 . 7

Kansas 27 36 1 . 6

Kentucky 15 20 . 9
Louisiana 23 31 1 . 4
Maine 13 17 . 8
Maryland 33 44 2 . 0

Massachusetts 70 94 4 . 2
Michigan 65 87 3 . 9

Minnesota 38 51 2 . 3
Mississippi 20 27 1 . 2

Missouri 44 59 2 . 6

Montana 7 9 . 4
Nebraska 15 20 . 9
Nevada 6 8 . 4

New Hampshire 11 15 . 7
New Jersey 39 52 2 . 3
New Mexico 10 13 . 6
New York 137 184 8 . 2

North Carolina 46 62 2 . 7
North Dakota 9 12 . 5
Ohio 56 75 3 . 3
Oklahoma 21 28 1 . 3
Oregon 28 38 1 . 7

Pennsylvania 92 123 5 . 5
Rhode Island 11 15 . 7

South Carolina 26 35 1 . 6

South Dakota 7 9 . 4

Tennessee 35 47 2 . 1
Texas 86 115 5 . 1
Utah 6 8 . 4

Vermont 9 12 . 5
Virginia 36 48 2 . 1
Washington 29 39 1 . 7
West Virginia 15 70 . 9

Wisconsin 36 48 2 . 1

Wyoming 3 4 . 2

Service Schools 9 12 . 5

Canal Zone 0 0 . 0

Guam 0 0 . 0
Puerto Rico 4 5 . 2
Virgin Islands 0 0 . 0

TOTALS 1673 2240 99 .9

3 8



TABLE VI I

ESTIMATED DISTRIBUTION OF COMPUTER STAFF' BY LEVEL OF EDUCATION

DESIRED FOR REPLACEMENTS BY STATES, 1972-7 3

State

Post Sec . Voc .

and 2-year

-5 —

4 -year M

	

S . Ph .D . Tota l

Alabama --~ 3675 7574 4879 145 1627 3

Alaska 216 446 287 9 957

Arir.ona 2378 4901 3157 94. 10530

Arkansas 865 1782 1148 34 3029

California 16431 33858 21812 646 7274 7

Colorado 2378 4901 3157 94 1053()

Connecticut 3 9 J9 7128 4592 136 1531 5

Delaware G49 1337 867 26 287 9

District of Colnhbia 1946 4010 2583 77 861 6

Florida 5832 12028 7749 230 25839

Georgia 5621 11583 7462 221 2488 7

Hawaii 865 1782 1148 34 3829

Idaho 1081 2228 1435 43 478 7

Illinois 13621 28067 18081 5 36 60305

Indiana 6486 13365 8610 255 2871 6

Iowa 3675 7574 4879 145 1627 3

Kansas 3459 7128 4592 136 1531 5

Kentucky 1946 4010 2583 77 8616

Louisiana 3027 6237 4018 119 13401

Maine 1730 3564 2296 68 7658

Maryland 4324 8910 5740 170 1914 4

Massachusetts 9080 18711 12054 357 40202

Michigan 8432 17375 11193 332 37332

Minnesota 4973 10247 6601 196 22017

Mississippi 2594 5346 3444 102 1148 6

Missouri 5621 11583 7462 221 24887

Montana 865 1782 1148 34 3829

Nebraska 1946 4010 2583 77 8616

Nevada 865 1782 1148 34 3829

New Hampshire 1513 3119 2009 60 6701

New Jersey 4973 10207 6601 196 22017

New Mexico 1297 2673 1722 61 575 3

New York 17728 36531 23534 697 78490

North Carolina 5832 12028 7749 230 25839

North Dakota 1081 2228 1435 43 4787

Ohio 7135 14702 9471 281 31589

Oklahoma 2811 5792 3731 111 12445

Oregon 3675 7574 4879 145 1627 3

Pennsylvania 11891 24503 15785 468 52647

Rhode Island 1513 3119 2009 60 6701

South Carolina 3459 7128 4592 136 15315

South Dakota 865 1782 1148 34 3829

Tennessee 4540 9356 6027 179 20102

Texas 11026 22721 14637 434 4881 8

Utah 865 1782 1148 34 3829

Vermont 1081 2228 1435 43 478 7

Virignia 4540 9356 6027 179 20102

Washington 3675 7674 4879 145 1637 3

West Virginia 1946 4010 2583 77 8616

Wisconsin 4540 9356 6027 179 2010 2

Wyoming 432 891 574 17 191 4

Service Schools 1081 2228 1435 43 4787

Canal `Gone 0 0 0 0 0

Guam 0 0 0 0 0

Puerto Rico 432 891 574 17 191 4

Virgin Islands 0 0 0 0 0
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TABLE VII 1
Future Computer Manpower Needs Per 100 0

Estimated 1973 Personne l

Cause : Education Leve l

Replacement 2-yr . 4-yr . M .S . Doctorat e

Deaths 5 5 2 2

Retirements 17 17 17 1 7

Growth 100 100 100 10 0

Total Rate 122 122 119 11 9

Total

	

New Personnel

	

26,376 55,571 34,153 1,01 2

Estimated

	

1973 Productions

	

27,816 5,800 2,800 450

4 0
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