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The study was conducted (1) to survey and evaluate the current use of

computers in the Texas System of Higher Education, (2) to study the role of
computers in the institutions of the system for the immediate future (1967-1970), and
(3) to project the role of computers at the institutions for the foreseeable future
(1971-1980). A list of 17 findings and recommendations are presented. Some findings
indicate that computers are used in a few state-supported colleges and universities

in Texas to register students, produce payrolls, and keep track of the various
inventories that must be maintained. There is a shortage of specialists educated in
the computer sciences at both graduate and undergraduate levels, and
computer-oriented research programs are almost nonexistent. It is felt that all
college and university students should acquire some basic understanding of
computers *on their campuses, and students majoring in business, engineering, and
science should be trained to use computers as tools of their trades, since their
future careers will require this knowledge. Computer science departments should be
established at selected. 4-year institutions, and doctoral programs should be
developed. The report also contains a discussion on future trends in computing, and

compares computer developments in Texas with those in other states. (WM)
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PREFACE

A study group that is charged with responsibility for formulating recommendations
to be implemented on a state-wide basis must necessarily avoid the danger of presenting
a biased case either intentionally or unintentionally. In our attempt to present as ob-
jective a report as possible, the assistance of several of the more active computer spe-
cialist and educators in the Texas System of Higher Education was obtained. We would
like to take this opportunity to express our appreciation to these individuals for their
time, effort, and splendid cooperation throughout the survey. They are:

DR. ROBERT T. GREGORY, Professor

The University of Texas at Austin

MR. G. W. HARDIN, Director EDPC
Stephen F. Austin State College

MR. FRED H. HARRIS, Asst. Director, Research Computation Lab
Rice University

MR. RICHARD HARRIS, Director of Computer Systems
North Texas State University

MR. JIM HILL, Director of Data Processing Services
Dallas County Junior College District

MR. JIMMIE C. STYLES, Vice President for Program Development
Tarrant County Junior College District

MR. J. B. WYATT, Director, University Computing Center
University of Houston

The professional members of the survey staff were:

Principal Investigator: MR. ROBERT L. SMITH, JR., Director, Data Processing
Center, Texas A&M University

Principal Investigator: MR. CHARLES SEAGRAVES, III, Systems Analyst, Texas
A&M University

Assistant Investigator: MR. ROBERT BOWER, JR., Acting Head, Data Processing
Center, Texas A&M University

Assistant Investigator: MR. PAUL M. BRIGGS, Systems Analyst, Texas A&M Uni-
versity

Assistant Investigator: MR. BRUCE W. STEWART, Systems Analyst, Texas A&M
University

Professor Robert L. Smith, Jr., who was the principal investigator of this study at its
initiation, left Texas A&M on September 1, 1967. He has continued to work closely
with the survey staff and is to be commended for his personal efforts to improve com-
puting in Texas Higher Education.
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INTRODUCTION, FINDINGS, AND RECOMMENDATIONS

Very few, if any, developments will have more effect
on mankind than the development of the electronic com-
puter. In slightly more than two decades, the computer
has had a profound effect on the ever-changing world,
and their effect during the next two decades will most
likely be even more profound. Dr. John R. Pierce of Bell
Laboratories defined the present state of computer tech-
nology when he said : "After growing wildly for years,
the field of computing now appears to be approaching its
infancy." The invasion of computers into all areas of
technology, allowing people to solve problems here-to-
fore thought to be unsolvable, has placed a tremendous
challenge before the colleges and universities of this
nation. The social and economic gains made possible by
computers and computing appear to be limited only by
the availability of people who are able to apply these tools
in new and useful ways. It is the responsibility of the col-
leges and universities to insure that their graduates are
prepared to meet today's technological challenges and
that they are adaptable to change to meet tomorrow's
challenges. This is a big responsibility. Unfortunately,
many colleges and universities, because of lack of under-
standing or lack of resources, are not accepting this re-
sponsibility.

The purpose of this study was threefold. First, the
present use of computers in the Texas System of Higher
Education was to be surveyed and evaluated. Second, the
role of computers in these institutions for the immediate
future (1967-70) was to be studied, and third, a projec-
tion for the foreseeable future (1971-80) of the role of
computers at these institutions was to be made. Further-
more, computer developments in Texas was compared
with those in other states.

This report contains seven sections. This section sum-
marizes the recommendations and findings of the study.
The second section presents an overview of computing in
Texas higher education. The third, fourth, and fifth sec-
tions are primarily concerned with computers in teaching,
research, and administration. Section six is a comparison
of computing in Texas higher education to computing
nationally. The final. section concerns future trends in
computing.

The major findings and recommendations of the study
are:

1. Computers are presently used in many of the state-

supported institutions of higher learning in Texas.
In the vast majority of the institutions, however,
students have relatively little or no opportunity to
learn about the computer or use its capability. In
many disciplines some exposure to computers and
their capabilities is essential to attain a working
knowledge of the field.
It is recommended that suitable computing facili-
ties be available to all institutions of higher learn-
ing to prepare adequately students in all disciplines.

2. The primary constraint on computer usage in most
state-supported institutions of higher learning is the
shortage of funds. Computers are expensive. Even
with significant reductions in price allowed by some
manufacturers in the form of educational discounts,
many schools are simply unable to afford the com-
puting capability they need because of budgetary
limitations. In many instances, computers are con-
sidered a luxury, rather than a required facility,
such as libraries or chemistry laboratories.
It is recommended that a formula system for state
funding of computer costs be established for edu-
cational and general computer activities in state-
supported institutions of higher education.

3. Centralized computer facilities are now more com-
mon than decentralized facilities in the state-sup-
ported educational institutions in Texas. This cen-
tralization of computing facilities presents a great
opportunity for economybut a challenge to effec-
tive management.
Nevertheless, centralization of computing facilities
is a desirable environment, both academically and
administratively, provided that accessibility for the
student and researcher can be guaranteed.
It is recommended that centralization of computer
,facilities be encouraged in state-supported institu-
tions of higher learning in Texas, where an adequate
level of service can be provided for all users.

4. Use of the "computer network" approach appears
to offer an efficient way to provide adequate com-
puting capability to all institutions of higher learn-
ing. As a part of a network, smaller institutions
would use their small-to medium- scale computers
to process the majority of their work, Those jobs
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that could not be adequately handled by the local
computer systems would be processed at larger
installations. Ultimately, every institution of higher
learning would be a part of some computer net-

work. It is expected that several regional networks
would be required, with many smaller colleges being

connected to the regional center via telephone lines

or microwave. For the immediate future, the use of

common carriers to transport magnetic tapes be-
tween schools could provide one day service and
might serve as a temporary measure until a com-
puter network could be implemented.
It is recommended that the establishment of re-

gional computer networks be encouraged through

direct supplemental funding at the state level.

5. In order to obtain the maximum utilization and
benefit of a computer, th; computer center should
be established as a service facility, furnishing com-

puting services for all institutional users under a
realistic budget structure. The computer should be

considered as an institutional resource and should

therefore be under the direct control of an admin-
istrator so placed as to be cognizant of the needs of

the institution.
It is recommended that a policy of having a cen-
tralized computer facility under the control of a
ranking administrator be encouraged at all state
supported institutions of higher education.

6. With the impact and advancement of computer
techniques on all disciplines, it is imperative that

computer science programs be established in the in-

stitutions of higher learning in Texas. Some of the
requirements which must be met by these instruc-
tional programs include : computer science faculty

development, advanced levels of research in com-

puter science, education of computer scientists for

industry, training of computer technicians, and edu-

cational programs in the impact and use of com-

puters in all disciplines. It is recommended that four
distinct levels oi instruction in computing should be

made available to students in state supported col-

leges and universities, including both undergraduate

and graduate levels: (1) undergraduate and gradu-

ate programs in computer science which will further

the development of computer faculties and foster
advanced development in computing, (2) training
of computer technicians to meet growing industry
needs, (3) education of students in key disciplines

who have a need to use the computer as an essen-

tial tool, and (4) providing to all students an under-
standing of the impact of computers on society.
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7. All students should acquire some understanding ot
computing in our modern society. Computing will

soon take its place as a fundamental area of knowl-
edge with government, history, arithmetic, etc. The

establishment of effective programs to meet
this basic need will require that every state sup-
ported institution of higher learning assign some

department primary responsibility for general in-

struction in computing.
It is recommended that an appropriate department
in each state supported institution be given the
responsibility for general education in computing at

given levels of instruction, for students in all dis-
ciplines.

8. The institutions of higher learning in Texas have
been primarily concerned with the education of per-

sonnel to fill positions in the higher levels of data
processing and computing. There is, however, a
critical shortage of technicians in computing and

very little is being done to alleviate the situation.
This gap in educational coverage could be handled
by the junior colleges of the state. For example, a
junior college might have as one of its objectives a

program to train a two-year technical programmer,
while a college or university would educate the sys-

tems analysts and other higher level personnel.
It is recommended that the junior colleges be given

the responsibility for training computer technicians,

such as computer operators and technical pro-
grammers, in the state.

9. There is a growing need for specialists educated in
the computer sciences at both the graduate and un-
dergraduate levels. This education can be provided

only in an environment which offers both a good
faculty and access to good computing facilities for

both course work and research. It is imperative that
departments of computer science be established at

those larger institutions which have adequate com-
puting resources to support an advanced instruc-

tional program.
It is recommended that Computer Science Depart-

ments be established in selected four-year institu-

tions.

10. There is a critical shortage of instructional pro-
grams to educate computer scientists at the doctoral

level. The computer scientist educated today will
be expected to provide impetus for the future de-
velopment of computers and computing, as well
as to serve in faculty positions and assist in expand-
ing computer science programs.



It is recommended that selected major institutions

in the state be given the responsibility for develop-

ing doctoral programs to educate computer scien-

tists.

11. The whole success of educational computing and
continued improvement in its use depends on ex-

panded education and research in computer sci-
ences. The graduate programs and associated
computing facilities of universities are ideal en-
vironments in which this type of research can

flourish.
It is recommended that research programs in the
field of computer science be established and funded

in appropriate state supported colleges and uni-
versities in Texas.

12. In considering the cost of computing in support of
educational activities, the allocation of funds often

presents a problem. Treatment of funds intended
for non-sponsored research as a reduction in total

cost reduces the hourly charge for compute- time
paid by all users and has the effect of shiftig re-
search costs to educational users.
It is recommended that each institution be allocated

separate funds specifically for computer usage in
support of non-sponsored research.

13. Colleges and universities today are increasing both
in size and complexity. As this trend continues,
greater effort is required to maintain the operation

of these institutions. This requirement is partially
satisfied by an increase in personnel with a corre-
sponding rise in cost. In many instances, however,

not enough qualified people are available to fill the

number of positions required and the result is a loss

of efficiency in operation.
Many tasks performed within institutions of

higher learning are of a routine clerical nature that
could be better handled by the use of computers.

In addition to merely supplementing manpower

with computing power (mechanization) , many

functions could be accomplished by more efficient

methods utilizing the capabilities of the computer

to the greatest possible extent (automation) .

It is recommended that state supported institutions

of higher learning be encouraged to consider the

use of computers to automate the routine adminis-

trative functions of the institutions, such as registra-

tion, grade reporting, payroll, and other functions

as they become apparent.

14. More information is available today than ever be-

fore concerning institutional operations. The speed

and flexibility of the computer will permit adminis-

trators to utilize this data to become more cognizant

of the manner in which the institutions function.
When such computer analysis is properly provided
and wisely used as a basis for decision making,

efficient management of the institution is greatly

enhanced.
It is recommended that institutions of higher learn-

ing be encouraged to integrate computers into the

management function.

15. Each year the colleges and universities of Texas

answer numerous requests for information from the

state. The manpower required to satisfy these re-

quests is a significant expense to the institution con-

cerned. Once the request is answered and the results

are forwarded to the requesting agency, the infor-

mation collected is essentially useless because it can

be retrieved only on the criterion by which it was

obtained. If, on the other hand, all requests for
information were handled by computer methods, a

number of significant advantages could be recog-

nized.
It is recommended that requests for information

directed to the institutions of higher learning by the

state be structured to encourage the use of com-

puters for response.

16. One of the first applications an institution with a

newly acquired computer attempts is administrative

data processing. As the situation now exists, formu-

lation of administrative data bases follows no par-

ticular pattern. These data bases are conceived and

built to meet the particular requirements of the

organization and may be of no value outside the
institution. This becomes readily apparent when
information is requested by any outside agency and

the institution is unable to comply using the exist-

ing data. This situation could be improved appreci-

ably if guidelines for needed data bases were pro-

vided by the state.
It is recommended that the institutions of higher

education be provided with guidelines and defini-

tions of data bases needed by the state.

17. The role of computers in the Texas System of

Higher Education will become even more critical

because of accelerated growth in the approaching

years. It is essential that adequate provision, ad-

ministration, and use of computer facilities be in-

sured. This can be accomplished only if effective

policies gcwerning the use of computers exist on a

statewide level.
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lt is recommended that the state establish an ad-
visory group which is competent to provide con-

tinuing policy recommendations concerning the role

4

of computers in the institutions of higher learning

in Texas.



COMPUTING IN TEXAS HIGHER EDUCATION

In 1950 there were between 10 and 15 digital computer
installations in the U. S. In five years this number grew
to 1,000. By 1965 there were approximately 30,000 instal-
lations, with a conservative prediction of 50,000 computer
facilities by 1970. The computer industry, including the
manufacturers and users, employs approximately 270,000
persons working at a scholastic level associated with a
bachelors degree or higher.

By 1970 this figure will probably reach between 900,000

and 1,000,000. On a slightly lower level, there are roughly
45,000 computer operators in the United States today.
Estimates of requirements for 1970 run from a low of

80,000 to a high of 130,000. At present, computer oper-
ators generally have a high school education supple-
mented by on-the-job training. As the sophistication and
complexity of computers and operathig systems increases,

however, there will be a greater need for operators with

more rigorous and comprehensive training.
Only 1% of the universities and colleges in the U. S.

have doctorate programs in computing, 3% confer
masters degrees, 4% offer bachelors degrees, and 23%
only teach courses.* It is evident, even from these sketchy

statistics, that the institutions of higher learning must
develop programs to educate the needed personnel to

work in this new profession of computing.
In addition to the education of those individuals that

will work in the field of computing, there is a growing

need to provide supporting courses to persons who will
utilize the computei to some extent in other fields.

One of the most lucid expressions of the utility of com-

puters is contained in the PSAC report.* "Computing is
not an esoteric or specialized activity; it is a versatile tool
useful in any work with a factual or intellectual content.
Computing is becoming almost as much a part of our
working life as doing arithmetic or driving a car." Engi-

neers, mathematicians, accountants, etc. will most certain-

ly be interacting with the computer and using it as a tool

in their professions.
The great bulk of the remaining students will probably

never touch a computer, many may never even see one.

However, the implications of the computer revolution on

* Statistics obtained from "Computers on Campus," College
Management, Vol. 2, No. 3 (March 1967), pp. 53-75.

* "Computers in Higher Education," report of the President's

Science Advisory Committee, The White House, Washington,
D.C. February, 1967.

society are so far reaching that it is imperative for these
students to have a general understanding of computers.
This might be looked upon in the same manner that every
college graduate is expected to know something of the
socio-economic organization of our country.

Scarcely a day passes that each of us is not effected in

some way by the computer; our checks are processed by
computers, computers help us make long distance phone
calls, they write out gas bills, make airline reservations,

etc. These simple tasks are more important than the
general public is aware or admits; furthermore, much
more vital issues involving computers are being raised
today.

There is a great deal of discussion as to whether there
should be a national data bank with a complete dossier

on each citizen of the country. Some people feel, in the
not too distant future, money will become obsolete as the

computer keeps track of credit. There are even some
people who fear that computers will eventually com-
pletely regiment our lives.

Whether any of these future possibilities come to pass
may well depend on how well equipped society is, in
general, to decide if these possibilities are good or bad.
The sad fact is that today, a vast majority of our society
is unable to comprehend fully what these issues portend

because they have absolutely no understanding of the
social implications of the much misunderstood computer.

Realizing that a computer education must be provided

by our colleges and universities, it is necessary to examine
the resources required to effect this education. This set
of resources was collectively called "adequate service"
by the PSAC report and exists in only a small percentage
of our institutions of higher learning at the present time.
Adequate service should be available in each of them. A
comprehensive explanation of the ingredients that consti-

tute adequate service is presented in the PSAC report.

What is Adequate Service?

What is adequate college computing service today,

1966? Several things are essential even to the most
modest user if the aim is education rather than hard
knocks:

1. Adequate instruction in and consultation con-
cerning computing. Besides a good introductory course,

the student should have available adequate supple-
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mentary material, and someone available to help him
when he has trouble. It is desirable that the operating
system be kept up to date, but any changes in the
system must be documented and users given help in
adapting.

2. Adequate software. The writing of programs
should be made as simple as possible. Failure to run
should lead to good diagnostics. Various languages, and
facilities for adding new languages, should run as a
part of the operating system without delays or changes
in operation.

3. Reliable operation. Interruptions are bound to
occur because of equipment failure, and there will be
occasional interruptions because of hardware or soft-
ware changes. However, if students and faculty are
expected to use computers routinely, operation of a
center must not be interrupted significantly by com-
puter science experiments, unusual scientific or ac-
counting jobs, or when examination time takes away
those students who help to run the center. As far as is
physically possible, the computing center should be
open to users on a regular schedule.

4. A fast turn-around time. Instantaneous response
is an ideal. Overnight delay is hardly tolerable. A delay
greater than overnight is not acceptable for most pur-
poses.

This is what can be called adequate in 1966. Other
desirable things are available now and will be essential
before 1970. These include:

a. Interactive remote consoles. Those who have used
them in undergraduate education are convinced that
interactive consoles are superior to batch-processing
operation. When using these consoles the student types
a program and special commands to the computer and
then receives a response from the computer while still
seated at the typewriter. The response either points out
errors or inconsistencies in the program or presents the
results of the requested computation. This reduces the
time required to prepare a correct program and pro-
vides immediate reinforcement to his learning process.

b. Graphic output. In many cases, graphs or scatter
diagrams or drawings are more desirable than tabular
printouts as output. Present equipment can produce
such plots on 35 mm. microfilm negatives cheaply,
quickly, and without laborious programming. The neg-
atives can be used in a reader or large prints can be
made as desired.

c, Visual displays. The immediate presentation of
graphic data on a cathode-ray tube is an extremely
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powerful tool in teaching a large variety of subjects.
It is used currently in many applications.

d. New forms of input. Many new applications or
modes of operation require special input devices such
as the following: (1) Direct connections allow data to
be transmitted directly from experimental apparatus
rather than by reading meters and typing the values
into the computer. (2) A character recognition scan-
ning device makes some typed or printed material avail-
able as input without requiring laborious key-punching.

(3) A 'light pen' combined with a cathode-ray tube
allows one to give directions to the computer by pointing
at a selected portion of a display and allows one to
draw input graphs.
It is interesting to note that the first item on the list of

requirements is not a hardware device but a need for
qualified faculty and staff. It is evident that the greatest
problem to be overcome by the colleges and universities
in the state will be the acquisition of enough competent
personnel. The March, 1967, issue of College Manage-
ment, contains a comprehensive survey of the use of com-
puters in colleges today. A disturbing although not sur-
prising fact that came to light as the first entry under the
heading "Primary Problems with Computer," was "diffi-
culty in obtaining staff for computer". This is an area
where colleges are competing with industry for a limited
number of qualified people. One method of alleviating
this situation that has proved highly successful at a num-
ber of installations both in industry and education is to
build from within. To be successful utilizing this "boot-
strap" method, however, it is essential to obtain the best
senior staff nucleus possible. These individuals will form
the foundation of the data processing program at an
installation. It may be necessary to pay unusually high
salaries for these persons, but the investment for a fully
qualified staff will be money well spent.

Once the senior staff of the computing center is avail-
able, they can establish an operational center that will
produce a "pay off" for the institution's investment. Ad-
ditional operational personnel and staff members can, to
a great extent, be drawn from advanced graduate stu-
dents. This approach to the problem has several side bene-
fits in that it provides the student with valuable "hands-
on" practical experience. By starting with the more menial
tasks involved in a computer operation and "working his
way up", he gains an appreciation of the tasks involved
in the basic operations of a computer center. The student
employees in the computer center are usually eager and
hardworking. What they lack in experience is compen-
sated by the generally high caliber of the individuals. As
the student program progresses, the more outstanding



students can perform in more responsible positions, such

as supervisors, programmers, and some as systems analysts.

The key to building a productive computing center is to

build slowly on a good foundation. The senior staff super-

vising this type of operation must necessarily be the best

obtainable.

Computing is not a Spectator Sport

Assuming that an adequately qualified senior staff can

be obtained, some means must be devised to gain access

to the computer itself. This does not mean that evezy
institution of higher learning must have a multimillion

dollar computer on campus. However, every institution in

the state could certainly justify some in-house computing
capability to handle routine tasks and a limited amount

of instruction.
One method of obtaining this computing capability at

a cbmparatively low cost is by utilizing second generation
computers that have been replaced at other installations.
Regardless of what many people think about "obsolete"
equipment on campus, these machines could accomplish

a great deal, for the institutions that currently have no
computing, by teaching basic concepts. Administrative
applications can be processed nearly as well on a second
generation computer as they can on a third generation
machine of comparable size. Useful programming could

be taught utilizing higher level languages. These source

languages are basically the same on both generations. For
those problems that require a greatercomputing capability

than is available on these machines, larger computers
could be utilized on the campuses of the more highly de-
veloped institutions within a reasonable geographic region.

Computing is Not a Luxury

The digital computer has long since left the realm of a

luxury and has become as much an essential tool of educa-

tion as is the library. Although many educators feel this

to be true, they are unable to find the money in an already
committed budget to pay for the computer. Computers

are expensive both initially and as a continuing expendi-

ture.
The initial installation of a computer on campus entails

a large expenditure of funds for site preparation, procure-
ment of miscellaneous supplementary equipment, and
seemingly non-productive developmental work. This
initial expenditure, however, is just the beginning. Com-
puting is a recurring expense the same as gas, water, and

electricity. The computer center must be staffed, a quali-

fied faculty must be obtained, monthly rent or mainten-

ance costs must be paid, and software must continue to

be developed. Every three to five years the computer will

probably be replaced by a more advanced larger model.

It is for these reasons that many colleges and universities

are without adequate computing. (It seems to be a para-
doxical situation when on the one hand we can't afford

to have computers and on the other we can't afford not
to have them.) Many institutions in the state are simply

unable to allocate enough resources to finance the com-

puter.
It is for these reasons we believe it is essential that com-

puter support be made a line item in the budget of every

state supported institution of higher learning in Texas. To

do this, however, there must be some equitable method of
determining the amount to be allocated to each institu-

tion. A reasonable approach to this situation seems to be

a formula system similar to those used in other areas, in

the current budget process. The formula developed would

have to provide for some base that would allow the smaller

institution to have some computing capability. At the same

time, it must provide for the growth of newly established

installations and it must promote the continued achieve-

ment of those centers which presently have well devel-

oped computer facilities. Careful consideration must be

given to the items and to weighting-factors of items in-

cluded in this formulation.

Centralized Facility

As one can see, cost is a major factor governing the type

and size of computing facilities in the system of higher
education. With this fact in mind, an objective study of
the proper organizational structure for the computer leads

one to the idea of a central computer center serving all

users.
The average cost per computation decreases as the com-

puter size increases. Thus one large computer can do more

work than many small computers totaling the same cost.

Also with many small facilities, duplication of staff, equip-

ment, and effort is unavoidable, again bringing added
expense to an already expensive operation.

In a report to the University of California System*,
five arguments for having special-purpose facilities rather

than one centralized computer were discussed :

1. Control over service. Dissatisfaction with turn-around
time and general service aspects of the general pur-

pose facility to the extent that users decide to raise
funds for a computer they can control directly.

2. Magnitude of user requirements. One or two investi-

gators may generate sufficient work-loads to ade-
quately utilize a computer for their exclusive use.

* "University of California Computer Study," Management
Analysis Center, Inc., Cambridge, Mass., October 31, 1966.
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3. Special programming requirement. Some types of

research, in the medical field, for example, may re-
quire complex and unique programs for data manip-

ulation. Better control for equipment would assure

better maintenance and operation of these programs.

4. Experimental apparatus In some research, a com-

puter is necessarily an integral part of the apparatus

as an on-line control device or as the subject of the

research itself.

5. Specific funding. The funding agency may fund the

acquisition of equipment in order to encourage the

greater utilization of computers. The equipment,

may then be made available o investigators at no

extra charge. A donor may even offer equipment

rather than money where this is more convenient.

Through effective management of a general purpose
computing facility most of these special requirements can

be satisfied. Certainly, proper planning and scheduling

can assure adequate service to all users. In most cases

even large loads can be handled by the central facility by

careful coordination between center and user. The user

can also maintain his own programming staff, if neces-

sary, and still use the central facility effectively. Even in

the case of specific funding, the grantor could be urged

to provide funds for utilizing the central facility. In some

of the modern computers, on-line control is also possible

for experiments while general purpose computing is being

done. In each case the central facility frees the researchers

from the managerial problems of computer center opera-

tion (which are formidable) .
The idea of a general purpose computing facility does

not necessarily mean one computer, although one if often

sufficient; it refers rather to centralized management of

whatever computer facilities are available. The benefit of

a centralized facility can be obtained through common

management of a group of computers. Good management

is the key ingredient in the success of the centralized

facility.

Administration

When speaking of centralized computing facilities,

emphasis is placed on the management. In addition, the

goal of the facility is simply service to the institution. For

the management to be effective in this role of service, the

computing facility should be a separate unit within the

institution as opposed to being a subdivision of some
organization that may be partial to special interests. By

placing the control of the facility under a ranking admin-

istrator, this environment can better support the interest

of the institution as a whole. In the same vein, all areas

can be assured the access they require.
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The presence of a ranking administrator can lend much

to the success of a progressive computer center. His influ-

ence in acquiring funds for an expensive, yet essential,

operation cannot be overemphasized. Also, this high level

of communication available to the computer center tends

to be increasingly important as the computer is relied

upon more and more heavily in the day-to-day operation

and planning of the institution. An opportunity is afforded

here to merge the capability of the computer with the
foresight of the institutional management team to obtain

what might best be called efficiency.

We Need Solutions for Today and the Future

The "network" approach appears to offer an efficient

method to provide adequate computing capability to all

institutions of higher learning in Texas. The network
would allow smaller institutions to use their small to
medium scale computers to process the majority of their

work. Those jobs that could not be handled adequately

by the local computers could be processed at larger instal-

lations. Examination of the computing capability found

at each of the institutions of higher learning in Texas,

would display a spectrum of expertises that varies from

literally nothing to several centers who compare favorably

to the best university computer centers in the country. The

more highly developed centers in the state have the capa-

bility to assist the less fortunate institutions.
While it is true that the network concept offers promise

for Texas' computing in the future, of greater importance

is the fact that networks may provide an immediate solu-

tionto many of the already existing problems. Networks

could be implemented in the immediate future utilizing

common carriers for the transportation of programs and

data to the computer and the return of the results. This

technique has proven quite successful in Texas previously

and is still being utilized by a few institutions. This "grey-

hound network" could form the basis for eventual hook-up

of computer-to-computer networks within the state by

helping alleviate some fundamental problems of coordi-

nation now.
This process should not, however, impede the procure-

ment of computers for those institutions presently without

them. It is not feasible at the present time (or in the fore-

seeable future) to develop a comprehensive capability in

computing utilizing remote techniques. Machines located

at other institutions can provide two funcitons for those

campuses without computers or with small computers. For

those that have no computing, it can be a beginning of a

developmental effort until their own machines are in-

stalled. For those institutions with small to medium com-

puters, it provides access to high powered computing

equipment that they need only occasionally.



At the present time, it appears the network problem
could best be handled on a regional basis as opposed to
the statewide concept. It seems there are three basic
reasons for this: 1) the physical size of the state, 2) the
large number of schools involved, 3) the lack of practical
experience in extremely large computer networks. All
three of these reasons point to a major problem of coordi-
nation and actual operation of the network. The regional
organization appears to be a more practical approach to

establish an efficient method of providing adequate com-
puting capability to all institutions of higher learning in
the state.

The network concept discussed thus far has been pri-
marily concerned with aiding the smaller user. Before a
network could be established, however, some incentive
must be provided for those larger installations that will be

in a supporting role.
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COMPUTERS AND TEACHING

The requirement for computers in higher education
reaches into every field of knowledge. It is generally

accepted that essentially all university and college students

must acquire some basic understanding of digital compu-

tation. The overall use of computing in both industry and

government is dependent on educational computing not

only for training of computer scientists, but for instilling

in graduates of all disciplines an adequate knowledge of

computing in their particular field.

It is the responsibility of academic computing to insure

that these needs are met. Computing must be available

which is adequate for education in computer sciences as

well as education in other fields. Unhappily, in the ma-

jority of colleges and universities instruction in the use

of computers and computing is neither widespread nor

effective.
Obviously, the lack of qualified instructors, inadequate

computing facilities, or the pressures of computing cur-

riculum requirements make such moves difficult for many

colleges and universities. Yet a few institutions are con-

sidering making a programming course compulsory for

all students, feeling such courses offer the only acceptable

introduction to the world of computers.
As the computer becomes more and more an integral

part of man's environment, instructional programs de-

signed to accomplish four major objectives will be needed.

(1) to provide programs at the doctoral level which will

educate computer scientists and foster advanced develop-

ment of both equipment and hardware, (2) to educate

computer specialists, both operators and systems analysts,

to meet growing technological demands, (3) to educate

professionals to use the computer as an essential tool of

their trade, and (4) to make computers familiar tools to

all students in an increasingly automation-oriented cul-

ture.

Computers and Students

Computers and computing in teaching may be gener-

ally separated into two categories:
1. As a tool of instruction;
2. As a subject of instruction.

While a major purpose of this report is the investigation

of the teaching of computers as a subject of instruction,

the other uses of computers as tools of instruction will be

briefly reviewed. It is important that the distinction be-

tween these two categories be clearly understood.
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A Tool of Instruction

In a very special sense, a computer can be used to pro-

vide an environment for learning. This is accomplished
by programming the computer to perform most or all of

the tedious calculation required for solution to complex

problems. The student is then freed from the drudgery of

the mechanics of reaching the solution and is able to con-

centrate on evaluating the solution obtained.
The use of computer-based simulations has also proved

to be a powerful use of the computer as a teaching tool.

A system which the students are to study is simulated. The

students then explore the simulated system testing it under

varying conditions as they never could the real system.

Perhaps the most widely known example of such use is

"management games", or simulations of business organi-

zation. Such use of computers has a vast effect on the

basic approach used in teaching ; instead of trivial and

contrived problems, real-life problems can be presented

to the student.
While the use of computers in simulation and solution

of complex mathematical and scientific student problems

is becoming widespread, an even more exciting use is

being developed in computer-aided instruction. Com-

puter-aided instruction utilizes the capabilities of the

computer to select, present, and evaluate responses to sub-

ject matter. The student interacts with the computer

through a teaching terminal which may be either a simple

typewriter-type instrument or a complex audio visual dis-

play incorporating both audio and pictorial response. The

promise of this instructional medium is its unique capacity

for interaction with the student as an individual. The

computer's selective ability operates in a number of ways

in adapting the instruction to the individual students'

needs.
The field of computer-aided instruction is, however, in

period of early experimentation. Many problems impede

further progress, such as the large expense of equipment,

the expense of developing viable software and course

materials, and the basic need for a better understanding

of instructional technology.

The potential benefits of full development of the in-

structional uses just described suggest a dimension of

education in the future which can only be imagined today.

It is this potential which demands that the educational

process, as it now exists, be thoroughly reviewed. We must



insure that students being trained today have the best

possible preparation to carry on the research of tomorrow.
If the most is to be made of limited timeand every

new subject introduced into the college curriculum now
faces rigorous competition from other subjects which can
make excellent claims on the students' timeit is import-
ant that computers be used to extend the students' grasp
of other subject matter. In effecting this goal, it is not
enough that computers are used as mere aids, albeit very
sophisticated, for passive instruction. Every student must
be educated in computing to an extent that will allow him

to use the computer in unique ways.

A Subject of Instruction

The common characteristic of all types of training in
computing is that the student is gaining understanding of

and facility with a tool. There are four distinct levels of
instruction, however, which must be available to qualified

students: (1) training computer scientists; (2) training
computer specialists; (3) training professional users; and

(4) general education.
Training computer scientist. While computer technol-

ogy has made unprecedented progress in the last decade,
this very progress has unhappily outstripped man's ability

to utilize completely the computing machines he can
build. There is a growing body of research (and more is
urgently needed) in the use of computersin man-
machine systems, in the development of programming
systems, in interactive use of computers, in theories of
programming, in bigh-order languages, in the use of net-
works, and in the use of commonly shared data banks.

More research into such problems as the simulation of
thought process and human learning and the attempts to
teach computers used as both a subject and a tool or
research is needed.

Then, too, there is the general field of research in the
role of computers, of robots and automation in general,
and in social, political, linguistic, literary, and economic

systems. Such research may develop still more applications
and the need for more trained scientists to explore new
and presently unknown areas of computer science.

The computer scientists who must provide the impetus
for such basic research is in critical shortage. Such indi-
viduals, normally associated with programs at the doctoral
leve! and above, must be provided training which will
qualify them to conduct research enabling human beings

not only to effectively use computers but to continue the
rapid development of the past.

The development of Ph.D. programs suitable for the
training of computer scientists is possible only in major
institutions of higher learning. It is only in such environ-

ments that the necessary "centers of excellence" can be

established. The quality of computer facilities necessary
for such programs is of critical importance. For first-rate
doctoral work, a computing facility which is at the fore-

front of the art is essential. Where such facilities are not
now a part of major institutional programs, immediate
action must be initiated to insure both the establishment
of doctoral level programs and corresponding adequate
computing facilities.

Training computer specialists. The fact that over 80
percent of the world's computer systems are installed in
the United States underscores a major responsibility of
institutions of higher learning. Educationally qualified

men, from computer operators to systems analysts, are
needed to fill the technological demands of industry,

government, and education itself. The need for program-
mers, analysts, and computer operators in industry has
placed pressure on the institutions of higher learning to
produce qualified personnel to meet the demand.

The level of education required for different types of

computer specialists will, by its nature and complexity, be
directly related to the available computer facility. Train-
ing of computer operators, for example, can be offered

at every school that has a computer. Specific training
programs for operators, however, should be primarily
associated with smaller facilities, such as the junior col-
leges could provide.

Other men must be trained to understand sophisticated
hardware and software very thoroughly. Such education
not only supplies the computer industry with needed ex-
pert manpower; it strongly influences progress in both
hardware and software. This type of comprehensive in-
struction calls for access to and interaction with an excel-
lent computer facility. In order to produce the computer
experts who are needed, we must have excellent computer
science departments at a number of schools.

It is imperative that computer science departments be

established at those larger four-year institutions which
have adequate computing resources to support an ad-

vanced instructional program.
In considering the establishment of a number of com-

puter science departments, a word of caution is in order.
The quality of an instructional program can vary, and it
is desirable that course offerings and curriculums be sub-
ject to continuing review to insure that the individual
institution's resources can support adequately a given level

of instruction.
Training professional users. Students in such profes-

sional majors as business, engineering, and science must

be trained in the use of computers as essential tools of
their trades. Their future careers will require such knowl-

edge. Work on current studies and research will be greatly
facilitated. For those students who can see direct applica-
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tion of computing in their work, computer science will

mean more than merely identifying concepts and formu-

lating programs.
General Education. Leaders in many forward looking

educational institutions realize that all students should

learn something about computers. No matter what his
specialty, the student must be involved in the experience
of using computers in learning as well as in doing.

Because of the expense of equipment and staff most
junior colleges and small four-year colleges have not pro-

vided this involvement. Even many of the larger colleges

and universities are not providing adequate instruction

to a majority of all students in the use of computing in

some part of their course work.

Computers and Faculty

If the rapidly expanded use of the computer creates
problems in the training of students, so does it pose a
problem for faculty members most of whom were edu-
cated prior to the present computer revolution. More

importantly, the faculty will often determine the rate at

which computing is introduced into the more general
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levels of instruction. In any realistic discussion of com-

puters as a subject of instruction, the problems of edu-
cating the faculty cannot be overlooked.

In general, faculty education required for the introduc-

tion of computing is the basic education associated with

any substantial revision of course material. Planning new

problems and approaches and integrating them into course

revisions requires a large amount of time and a subsequent

reduction of available teaching staff. The rate of revision

is also influenced by the interest in and understanding of
the computer as well as the availability of facilities.

It is very important for the faculty to recognize that
the time required to cross a significant threshold of under-

standing so that one may begin to do useful work for
himself and his students is very low compared to a disci-

pline such as mathematics or language.
The role of the administration is of the greatest import-

ance in providing opportunities for learning by the fac-

ulty. When adequate computer facilities are provided in

our colleges and universities, it is essential for the general

faculty to be able to understand and use computers in

their teaching.



COMPUTERS AND RESEARCH

Research is the careful, systematic, patient study and
investigation in some field of knowledge, undertaken, to
isolate facts or principles. As society looks more and more
to the educational world for this type of study, one may
visualize a day when almost all important research is
confined within the bounds of educational institutions.

With this burden of responsibility, higher education must
be forever searching for necessary resources to conduct
research and better methods of utilizing these resources
efficiently. The computer has made a significant contri-
bution both as a resource and as an aid in attaining
greater efficiency.

Computers are already doing tremendous tasks such as

gathering and analyzing data from scientific experiments.
Many experiments are being completely controlled by a
computer, eliminating many possible sources of error.
Some experiments, not feasible or possible in the labora-
tory, are simulated by the computer and valuable results
obtained which apply to physical problems at a greatly
reduced use of time and money. All of these are possible
because of the computer's speed, its capability to handle
large amounts of data, its power of decision-making, and
most of all the ingenuity and technical skills of the people
who program the computer. Without the guiding hand of

a skilled computer specialist, even the most sophisticated
computers are useless.

Computational Research. When one speaks of com-

puters and research, two logical divisions appear. On one
hand, the computer may be used as a tool in support of
research. On the other, the research may be seeking better

usage of the computer. Both of these divisions are repre-
sented in the Texas System of Higher Education, although
the latter applies to only a very few institutions and a
small amount of research.

As another piece of research equipment, the computer
has simplified procedures and made possible techniques
which heretofore were impossible. In the area of mathe-
matics, for example, some numerical computer solutions

are possible for problems for which no known analytical
solution exists. In other cases the computer does calcu-
lations which are too lengthy to even attempt manually.

Computer-Oriented Research. The power of computer
technology has only been realized to a small degree. To
fully utilize the capacity of the computer or even realize

the opportunities, much research must be done. Software

must be developed to make use of the new equipment

emerging everyday. In general, computer-oriented re-
search is sorely lacking in Texas higher education.

This type of research is necessarily dependent upon
advanced computing equipment and capable computer
specialists. These factors go hand in hand with a large

institution capable of justifying a powerful computer and

a professional staff for its utilization. An institution with
such assets will probably support a computer science pro-

gram, which further enhances the possibilities for com-
puter-oriented research. The best results can thus be ob-

tained by a concentrated program of computer-oriented
research in a few highly qualified institutions with gradu-

ate computer science programs.
One example of this type of research is the develop-

ment of new computer languages for application to special
classes of problems. Another area of needed research is in

the design of hardware and software to improve the speed

and convenience of data input and data presentation.

Both areas of research compliment the expanding field of

information science.
Planning. As the research work in the system of higher

education increases its dependence upon computers for

support, long range planning is essential to coordinate the
research with the changing technology in the computer
field. Planning will allow research activities to keep up
with the technology and even to influence its development

in line with research needs.
A statement by the Management Analysis Center in a

report to the California Educational System says, "One of

the most striking aspects of the present situation is the
almost complete absence of planning." This statement also
applies to some degree to the Texas System of Higher

Education.
Cooperation. Research is normally considered to be

original work, but too often it is original only in the eyes

of the individuals doing the research. The identical work

may be carried on elsewhere with no intercommunication
or it may even have been performed by some previous
work group. Unfortunately, this situation often exists even

within the framework of one educational institution. The
resources available are much too small to permit such a
violation of common sense. In some cases, of course, com-
munication is inhibited by the desires of the funding
agency. This problem is more complex but represents only

a small portion of the overall communication problem.
A system of information interchange can only help the
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quality and prestige of Texas educational institutions.
Almost all research requires reports of activities whether
it be graduate research toward an advanced degree or
externally sponsored research. Certain basic information
is common to all such activities and would be relatively
easy to circulate within the educational system. The com-
puter can be used to collect and disseminate information
on a regular basis to all persons who might benefit from it.

The main barrier to a successful information system is
the people involved. Like any cooperative effort, a system
such as this must have the confidence and support of all
its participants. There must also be some controlling group
to gather data and make it available in usable form to the
group. For general acceptance, the group should be an
aggregate of the members themselves and not a state
agency.

Centralization. Except in special circumstances, re-
search activities can be conducted on the central general-
purpose computer on the campus. The researcher should
not be burdened with the management of a computer,
which is a formidable task. Under proper management
the central facility can furnish the researcher with ade-
quate turnaround time to suppon his research. The central
facility will undoubtedly have a larger, more powerful
computer than the researcher could possible justify for
himself alone.

Many large research groups desire a separate special-
purpose facility to allow them greater control and flexi-
bility. In most cases, however, they can be well-served by
a central facility at a much lower cost. Admittedly there
are situations where special equipment cannot be feasibly
attached to the central computer and a special-purpose
facility is necessary. Fortunately, these are the exception
rather than the rule.

Funding. Corresponding to growing research activities
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is the growing need for financial support to pay for ex-
pensive computing requirements. These funds may come
from government or private industry to support specific
research (sponsored) or as a general appropriation from
the government (non-sponsored) . The government will

need to increase its support of research in the coming
years to take advantage of the new opportunities made
possible by computer technology. More funds are also
being made available by private industry to support the
expanding requirements for computers in research pro-
grams.

In the area of governmental support, one problem is

especially noteworthy. Due to indirect funding of non-
sponsored research, allowing any additional computer
time to users who have depleted their funds results in an
overall decrease in the total funds allocated. In this case
the usage is increased without any additional cost thus
lowering the average cost per user. Since the average co3t
is used to determine funding, less money is allocated. To
avoid this unreasonable situation, a separate allocation
should be made of a definite amount for computer use in
non-sponsored research. In any case, each research activity
should pay for its computer time on a direct-cost basis.

Progress. The importance of research both in computer
science and computer applications has been emphasized.
Too often, however, the task at hand takes precedent over
research into the future. In view of this situation a certain
percentage of the total resources available should be allo-
cated to a definite research program. The gathering of

new ideas, the study of new concepts, and the forward
look toward future problems are all too important to be
relegated to a back seat in the educational program. The
progressive institution can move forward through a good
research program and will likely move backward in its

absence.



COMPUTERS AND UNIVERSITY ADMINISTRATION

Shortly after World War II, two events occurred which
could affect almost every phase of our society. One was
the development of the electronic computers. The other
was the development of the field of management science.
These two developments, when coupled, form the basis
for a tool that no up-to-date administrator can afford to
ignore.

The computer was first developed to accomplish such
mundane tasks as ballistic calculations, census counting,
and other repetitive operations. As the sophistication of
the computer increased, the problems presented for com-
puter solution became more varied and its sphere of in-
fluence reached into all segments of the economy. Quite
naturally, one of the first areas affected was that of routine
office work, where the computer was used to "mechanize"
functions that had previously been done by hand. The
prime motivation for this step was increased productivity.
This was certainly reason enough, particularly when add-
ed to the increased accuracy of the computer. However,
there were greater benefits to be acquired when applica-
tions went beyond mechanization and problems that were
heretofore insoluble became an operational reality. It was
at this point that management science left the realm of a
curiosity and began playing a significant role in our
society.

The colleges and universities of Texas, as well as in the
nation, are facing an unprecedented challenge in pro-
viding a quality education to the lat ge number of stu-
dents seeking enrollment. This challenge must be met
and it must necessarily be met with limited resources.
Computers and management science techniques can aid
in this task by providing information, to administrators
at all levels, that will allow them to make a more efficient

allocation of the resources available. Unfortunately, the
coileges and universities in Texas are more than a little
behind in the use of computer for administrative and
management purpos2s. Certainly many of the institutions
in the State are using computers to register students, pro-
duce payrolls, and keep track of the various inventories
they must maintain. A few (too few) have gone beyond
this point. A number of the smaller institutions have no
computing capability on their campus and the only mech-
anization they can claim is through the use of accounting
machines and desk calculators.

It is imperative that computers be placed on cai..puses
that currently are without computing capability and that

the administrators of these institutions, as well as the
faculty members and researchers, make use of them. At
the most elemental level, there are two prime reasons for

the use of computers in university administration.
Increased Productivity will allow the same functions

that are now being performed by manual means to be

handled by the computer, increasing the potential capa-
bility of these selected areas. The results from any spe-
cific application of computers are difficult to determine;
they may free personnel to work in other areas, they may
increase the production without a comparable increase in
personnel. This is not to advocate the blind mechaniza-
tion of every routine function of a university. Nevertheless,
each task that is being considered for mechanization
should be closely studied to determine exactly what is
being accomplished and how it is being done prior to the
design of a computerized system to replace it. Many times
this "systems study" will reveal many facts that will cause
the function to be reorganized and simplified to the
extent that it is undesirable to use the computer at that
point in time. To paraphrase a familiar saying, there is
nothing quite so useless as doing something efficiently, that
shouldn't be done at all.

"Better" management information is the prime reason
for utilizing computer techniques. "Better management
information" refers to more information, more accurate
information, more timely information, more analysis and
reduction of information. The use of this better informa-
tion is vitally important to the operation of our institu-
tions of higher learning.

While it is not necessarily true that an individual will
always make the best decision if provided with the right
information, it is, however, much more likely that he will
make a better decision. There are a few talented indi-
viduals who, through years of experience, intelligence,
and a little luck will unerringly make the right decision.
Unfortunately, these people are difficult to find. Even if
they were available, consider what they could do if pro-
vided with a reasonable amount of information to give
them a deeper insight into the problems with which they
are concerned.

A Computer is not Enough

The production of good management information is
certainly possible through the application of computer
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techniques; however, simply having computers on campus

and mechanizing a few functions of the university is not
enough. In order to provide a successful administrative
data processing capability on a campus, there are a num-
ber of requirenients that must be satisfied.

A Qualified Staff. In the same manner that an insti-

tution strives to acquire the highest quality faculty mem-

bers and administrators, so should it obtain the best pos-

sible staff for its data processing facility. This is particu-
larly important with respect to the director and senior
staff of the center. These people must be technically
competent in computing and be capable of working with

all phases of the university operation. The university is
dependent on the staff of the computer center to design

and implement each of the desired administrative systems.

This will enhance to a great extent their ability to work
with, learn from, and educate the users of each adminis-
trative system. In addition to designing a system to meet

a specific need, the computer center personnel must be

aware of other systems, both under development and being
planned. These people must fit these systems together to

provide coordinated administrative information above
the level of a single system.

A Willing User. Realistically speaking, before any ad-
xninistrative system will oprate successfully, it must have
the active cooperation of the uscr of the system. For ex-

ample, if it were desirable to implement a mechanized

class scheduling system, the computer center must have

the complete cooperation of the registrar's office. This

can be amomplished if the user realizes a need for the
service and can be educated to the fact that a data pro-
cessing center is a service agency for the campus, with a
prime mission of serving other agencies on campus.

Acceptance by the Administration. The higher admin-
istrative officers of a university can do much to foster the

proper growth of a data processing center by encouraging

its use and by properly utilizing the reports generated by

the facility. When the center first begins operation, there
will probably be little, if any, information in which any-

one above the level of middle management would be

interested. However, as the center develops and informa-

tion from more than one system can be combined to cover

broader areas, many valuable facts that need to be con-

sidered for policy decisions are made available. This is the

point at which the high level administrator will begin to

realize a "payoff". To make the most of this payoff the

administrator must utilize the information with which he

is supplied. One of the most fruitless situations that can

arise is to produce management reports only to have them

ignored.
Communication. A successful administrative data proc-

essing center can be greatly enhanced by communication
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and cooperation between high level administration, the

user (middle management), and the data processing per-
sonnel. This communication can bring to the surface
problems faced by the administration of the university at
various levels and provide a better understanding of what

the computer can do for them. The computer is not the
panacea for all the ills of a university but it can be a
valuable asset and will be more valuable if there is a free
interchange of communication between the data proces-
sing center and the other area of the university.

A Still Broader View. In the same manner that a uni-
versity administrator is in a better decision making posi-

tion when armed with the necessary information, so are
the administrators on the state level, who must manage
not a single university or university system but the entire
state-wide educational system. To obtain the desired in-

formation, the state government levies reporting require-

ments on the state-supported institutions. Many of these
required reports are well established with respect to both

content and definition of terms. This is the case of registra-

tion information. There are two beneficial results from
this type of reporting requirement; 1) it encourages the

use of computers to process the information and produce
the required reports and 2) it specifies to some degree the

information required in the data base. These two results

are far more significant than they appear on the surface.

When a university collects, processes, and prepares reports

by the use of computers, the administration of the uni-
versity is encouraged to utilize the information with which

they are furnished to provide a firm foundation for deci-

sion making. When common information is requested
from each of the state's institutions of higher learning, it

tends to promote compatible data bases at all institutions

with common definitions for the items contained therein.
When these definitions are so specified, the effort required

of the institution of responding to the request is reduced.

This can become a significant factor. Unfortunately, there

are many areas into which the state government periodi-

cally inquires that are not so well defined. A few of these

are research, extension, and inquiries about the develop-

ment of the institution in some program area, such as
water resources. This report strongly recommends the

state government establish guidelines as to its areas of

interest and definitions of items of information to be re-

quested for the institutions of higher learning in the state.

The report further recommends that these guidelines be

formed in such a manner as to encourage the use of data

processing techniques to respond. This will accrue benefits

at both the state and institutional level. The information

provided to the state will be more timely, more ac-

curate, and in all likelihood more compatible, if pre-
pared by the computer. These same benefits, and more,



could be realized by the institution. The data base would
be established for use in other areas and could provide
information to other systems for overall management
reports. The existence of the data base, once established,
could substantially reduce the effort and expenditure, both
in dollars and manpower, by the institutions in responding

to the request.

The Time for Action. The ideas presented in this
chapter are far from the realm of day dreaming or wish-

ful thinking. The integration of computing techniques

into the management function of increased efficiency, is

a well proven and highly successful fact. The institutions
in the State of Texas should make the most of these

techniques.
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TEXAS AND COMPUTING NATIONALLY

The next few years will be a critical period in the Texas

System of Higher Education. Computer technology, in

its relation to education, is increasing in significance at a

rapid pace. To achieve and maintain a position of excel-

lence within the educational computing community, a
plan must be designed to apply this technology. In fact,

one might go one step further and say that we must
contribute to the new technology or be left behind.

The position now held by the Texas System of Higher

Education in the field of educational computing needs

to be examined. The present outlook is deceivingly opti-
mistic. When compared to the national average* in com-

puting power and money spent for computation and com-
puterized applications, Texas is well above average. Size,

in itself, however, is no measure of quality or any assur-

ance of future progress. Progress and quality depend on
the initiative and creativity of knowledgeable people.

As pointed to in the Rosser Report,f universities have
greatly underestimated the need for training in connection
with computers. It is true that universities lacked ade-

quate support, but they could probably have obtained that

support had they stressed the need and presented a well-

planned program.
In an article in "College-Management",t 11-13% of

all universities have bachelors or masters level programs

in some phase of computer science. In addition, only 23%

of all colleges and universities combined, teach any com-

puter courses. Texas institutions, recognizing the impor-

tance of computer training, having exceeded these aver-

ages. The rate with which the system progresses will re-

main, however, the important factor in judging the qual-

ity of the educational program.
Some interesting statistics were reported to the Southern

Regional Education Board* the use of computers for
research and instruction. During the next few years,
nationwide, 81 schools plan to offer bachelors degrees in

computer science, 59 schools plan masters programs and
26 plan doctorate programs. In Texas, by comparison at
least 9 institutions presently have or are planning various

levels of Computer Science degrees during the next few

* "Computers on Campus", College Management, Vol. 2, No.

3, (March 1967), pp. 53-75.
* "Digital Computer Needs in Universities and Colleges",

Washington, D.C., 1964.
$ op. cit.
* Hamblen, John W., "Computers in Higher Education," A

report to the Southern Regional Education Board, Atlanta, Geor-

gia, August, 1967.
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years. In 1964-65 this involved over 1000 students in

graduate programs and 4000 in undergraduate programs
across the nation. It is estimated that these figures will at
least triple by 1968-69. For degrees in other fields which

require some computing knowledge, the number of stu-
dents involved is expected to be over 80,000 in graduate
and 350,000 in undergraduate programs by 1968-69.

Examining the number of public educational institu-
tions in the country and estimated number of institutions

with computers, it is interesting to find that 97% of all
universities will have one or more computers by 1969.

55% of other 4-year colleges and 35% of the 2-year col-
leges will have computers. This represents a 12% increase

in university computers between 1965 and 1969, 48%
increase in 4-year institutions, and 105% in 2-year col-
leges. Texas compares favorably with all these statistics.

In 1963, Texas was third only to California and New

York in the number of colleges with computers.* This

position seems to be remaining constant with computer
hardware. One thought is worth considering, however:

how does the Texas System of Higher Education compare

in research applications, new innovations in computer

uses, and planning for future developments? That the

computer must play an important part in any planning
toward the future of education is exemplified by a report

to the University of California Systemf on the use and
management of computers throughout the university
system.

There are many other examples of forward-thinking
institutions planning for better uses of the computer. The
important point is that the Texas System of Higher Edu-

cation must do as well.
Thus the Texas Educational System bears a responsi-

bility to itself and society to maintain an environment
conducive to excellence in the computing sciences, and,
in addition, to maintain the computer as a tool for more

efficient and effective college operation. The latter, due

to its pressing nature, will surely be accomplished with
only a small amount of encouragement. Other states seem

to be advancing quite rapidly with new innovations in

computer use through large research programs. Our re-
sponsibility requires no less. Plans must be made and
concise programs must be established and funded to make

better use of the computer in future years.

* "Digital Computer Needs in Universities and Colleges",
Washington, D.C., 1964.

f "University of California Computer Study", Management
Analysis Center, Inc., Cambridge, Mass., October 31, 1966.



FUTURE TRENDS IN COMPUTING

In just over 20 years the field of computing has pro-
duced three generations of equipment. The third genera-
tion computers have become well established only in the
last year and we are beginning to hear rumors of the
fourth generation with this rapid growth, computers of
1980 may be unrecognizable as computers, as we know

them today.
The specific technological advances that will appear in

the future may be difficult to predict, however, there are
some general improvements in computing that can be
forecast with reasonable assurance because of present re-
quirements for them and the subsequent research being

done. These improvements must necessarily be concerned
with both hardware and software.

In hardware, there appears to be four major areas
where improvements will be made.

1. Larger memories. One of the most impressive areas
of development in computing in the past twenty years
has been the increase of storage capacity and speed
of access. The standard ferrite core memories used
by the majority of computer manufacturers today has
made possible very rapid retrieval of reasonable
amounts of information. Memories of this type that
contain from one-half million to over a million char-
acters of information are not uncommon today. From

a technical standpoint it is quite possible to increase
the capacity of core storage substantially, however,
the cost is prohibitive. As a solution to the problem
of storing large amounts of directly accessible infor-
mation at a more acceptable cost, the manufacturers
are producing devices which can store up to 400
million characters of information by a sacrifice in

access time. Such devices as the magnetic disks, mag-
netic drums and data cells have opened the doors to
computing for many applications. The capacity of
these devices coupled with the lower speeds of access
are still such that many advances in computing tech-
niques are being impeded.

Research is being done today on completely new
approaches to increasing the size and speed of mem-
ories at a lower cost. One method that was demon-
strated as early as 1960 is thermoplastic recording.
This system allows nearly 15 million bits of informa-
tion to be contained on a 4 X 4 in. plate. The high
density of storage is one of the basic problems in

making it work.

Photoscopic disks are still another approach to the
problem. This technique is based on placing spots
photographically on a glass disk. IBM at one time
announced a trillion-bit photoscopic memory for
work in the area of language translation. A major
fault with this system is that once it is impressed, the
information is permanent.

Other techniques under experimentation include
electron-beam-machined memories and photochro-
mic phenomenon. Some of these approaches to the
memory problem may be the solution; on the other
hand none of them may prove practical. Neverthe-
less, some solution must be found to make feasible
many applications that are being proposed today.

2. Improved Speed. Many of the applications that are
in dire need of larger memories will also require
faster computing speeds. This does not necessarily
mean the computing required will take an unusually
long period, but the compute time is too great for
the particular reaction time requirements.

Much of the work being done in improving mem-
ories is also applicable to the speed problem. For
example, thin film memories are being used to a
limited degree by Univac with some computers cur-
rently on the market. Thin film magnetics might
bring about a significant advance in speed if all-
magnetic circuits can be proved feasible and if ade-
quate production facilities can be achieved.

The tunnel (Esaki) diode may possibly prove to
be a major breakthrough for computer circuity. A
one nanosecond (billionth of a second) operation
time has been established as a definite possibility
utilizing this component. This is 500 to 1000 times
faster than the fastest computers on the market today.
Much needs to be done in the refinement of design,
the techniques of construction, and the maintenance
of tolerances.

Another method for increasing internal computer
speeds is superconductivity. This is a property of
certain metals which at very low temperatures causes
electrical resistence to disappear completely. The
primary problem is maintaining these low tempera-
tures in an economical manner.

Microwave technology offers promise of circuit
switching (a fundamental process in computer opera-
tion) to be accomplished in less than a nanosecond.
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Facilities, however, are lacking that can produce
sufficient quantities of needed variable-capacity
diodes ( the essential component of this system) . Little
microwave circuit design has been accomplished that
is relevant to the computer problem and generators
have yet to be designed for the production and distri-
bution of sufficient microwave power at the high fre-
quencies required.

3. Subsystems. A major problem that has faced the
person who wished to utilize the computer from the
advent of computing to the present time is the man-
machine interface, or, how the human physically
communicates with computer. There have been a
number of advances in this area in recent years that,
hopefully, will greatly reduce this problem.

Magnetic ink character recognition is being utilized
by the banking system on a massive scale. Optical
character recognition devices are now on the market
that do quite well in restricted use. These devices at
present are very reliable and are able to recognize
most type fonts used in the U. S. and have the
capacity of learning to recognize new fonts by means
of submitting an ordered sample of the alphabet.
Equipment capable of reliable interpretation of
hand-writing appears to be for the more distant
future. Research is being done in the area of ma-
chines response to the spoken word, but again this
appears not to be a consideration in the near future.

4. Organization. The greatest advances in computers
may be, however, in a completely new approach to
the design of the machine. Many people feel that
since von Neumann, insufficient study has been de-
voted to the logical organization of computers.

One such effort in changing the computer's or-
ganization is time sharing. The results of this en-
deavor is very much in evidence today. Although
time sharing has fallen short of the hopes of many
people, great strides have been made and should con-
tinue to be made in the near future.

Computer to computer communication is another
logical reorganization of computers that has proven
worthwhile even though there are still many problems
connected with it. This integration of computing
capability is still relatively new but offers much
promise for greatly increasing the computer's utility.

Variable structured computers (computers that
by programming or by external control can have the
instructions they execute modified) appeared in a
very limited extent in third generation computing
equipment through the use of read only storage in the
IBM System/360 line. This concept could conceiv-
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ably allow each type of application performed on the
computer to have a special set of instructions design-
ed specifically for that type of task.

More exotic concepts being proposed deal with a
memory system that could retrieve data based on
information content. This type of storage is called
an associative memory. Another of the more "blue-
sky" concepts is the adaptive system. This is a self-
organizing machine that could be taught by trial and
error to learn to perform a function. This concept
is being explored in pattern recognition machines at
present.

The advances in the area of software have been at least
as dramatic as those in hardware. The earliest program-
mers were required to communicate with the computer
strictly in the language the machine understood (l.e. coded
numbers) . Through the development of programming
languages the programmer can now instruct the computer
in a language that is oriented toward the man and the
problem he wants solved.

By using executive or operating systems, much of the
operation of the computer has been turned over to the
machine itself. Again as in the machine components there
is a need for increasing the speed and flexibility of man-
machine communication. A wide spectrum of flexibility
has been achieved in some operating systems currently
available with third generation computers. However,
many people feel the amount of time required by the
computer to provide this flexibility (system overhead)
is excessive. Also, some computer manufacturers do not
want to spend the time and money necessary to develop a
system that may cost as much or more than the develop-

ment of the computer itself.
A future prospect that may aid in both reducing the

cost of producing sophisticated operating systems and
make them more efficient is through the use of so-called
artificial intelligence techniques. Artificial intelligence is
a field which relates to developing systems to perform
symbolic algebra manipulations. There are several ap-
proaches that make the computer take on human attri-
butes and a semblance of intelligence that is not normally
associated with it. There is a great deal of research being
done in the area of artificial intelligence, but much re-
mains to be done before the significance of this new field
is felt.

One of the early developments in artificial intelligence
called PSYCO was designed to have the computer do
much of the work in preparing new computer languages
and operating systems. This method offers the possibility
of reducing the time required to prepare a system by a
factor of ten.



The Future of Computing in Texas

It is evident from this brief discussion, that the field of

computing has not stabilized. It is progressing dynamically

through research by industry, government, and education.

No one can predict what the computers of 1980 will be

like, other than that they will be faster, more sophisti-

cated, and easier to use.
In order to utilize these computers the institutions of

higher learning in Texas must develop a positive program

in computing. It has been pointed out repeatedly that we

have several institutions in the state with some degree of

competence in computing. At the same time, Texas has

many institutions with little or no computing capability.

Before we can develop a comprehensive program in com-

puting we must first provide a computing capability to

all institutions in the state and also further develop those

that are currently utilizing computers.
The recommendations contained in this report are

designed to foster the development and continuation of
coordinated program in computing in Texas higher edu-

cation. In order for a program of this magnitude in an

ever changing field, such as computing, to be developed,

however, it is essential for it to be closely observed by an

advisory group that is competent to provide continuing

policy recommendations and guidance. This insures the

ability to adjust the program to be cognizant of unfore-

seen perturbations of the future. The members of this

advisory group should be carefully selected from industry

as well as education to provide a view of computing as

seen by the user of our institutions' product.
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