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PREFACE

‘ecognizing the extreme tinancial pressures facing many colleges
universities in 1976, the EDUCOM Spring 1976 Conference
sed on implementing cost-effective information systems now. In
r to tackle some of the tough decisions facing management in our
tutions of higher education, we must take advantage of available
puting technology. However, we must at the same time demand a
t accounting of the costs and benefits of using that technology
} management,

leparting from previous conference themes, the Spring 1976
JCOM Conference focused almost entirely on management use of
puting with an emphasis on evaluation of costs and benefits of the
ication of computing in maragement information systems, Format
1e Conterence was also different. Conferees explored nine topics in
h by participating in a set of sequential sessions of seminars
ted to separate aspects of the general topic. This Proceedings is
d on reports from the seminars as well as the keynote address.

redit for the new theme and forfat goes to James C. Emery,
JCOM Wice President and Executive Director of the Planning
neil on Computing in Education and Research, who served as
ference Chairman, On behalf of all of the more than 200
erence participants, | thank Jim for the fine conference pian and
ilent set of serninars,

Joe B. Wyatt
Fresident, EDUCOM
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PREFACE

Recognizing the extreme financial pressures facing many colleges
and universities in 1976, the EDUCOM Spring 1976 Conference
focused on implementing cost-effective information systems now. In
order to tackle some of the tough decisions facing management in our
institutions of higher education, we must take advantage of available
computing technology. However, we must at the same time demand a
strict accounting of the costs and benefits of using that technology
from management.

Departing from previous conference themes, the Spring 1976
EDUCOM Conference focused almaost entirely on management use of
computing with an emphasis on evaluation of costs and benefits of the
application of computing in maragement information systems, Format
of the Conterence was also different. Conferees explored nine topics in
depth by participating in a set of sequential sessions of seminars
devoted to separate aspects of the general topic. This Proceedings is
based o reports from the seminars as well as the keynote address.

Credit for the new theme and forfmat goes to James C. Emery,
EDUCOM WVice President and Executive Director of the Planning
Council on Computing in Education and Research, who served as
Conference Chairman, On behatf of all of the more than 200
conference particiants, | thank Jim for the fine conference pian and
excellent set of serainars,

Joe B. Wyatt
Fresident, EDUCOM
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4 INTRODUCTION

development, much of which is largely obscured from management.
Many other serious issues must also be considered in order to exploit
this very attractive technology. MNo college or university can be
oblivious to the problems and opportunities presented by mini-
computars. Participants in the workshop on minicomputers, led by Jack
McCredie, Cainegie-Mellon University, explored such issues as control
of their acquisition, hidden costs of software development and
operation, the power and limitations of minicomputers, and the role of
minicomputers in a distributed system. These issues are summarized in
chapter four.

Arother vital area in an overall program of dealing with computing
in a university is pricing and budgeting of computing services. Some
universities treat computing as & free good (in the manner of an
academic library), while others charge for all computing services on a
full-cost basis. in this period of tight budgets, institutions have been
reviewing their pricing structures as a means of controlling costs and
motivating greater efficiency. In a network environment, the way
cruciai, bécause market mechanisms provide the primary means of
governing access to network resources. Chapter five covers 2 number of
these issues: objectives of pricing policies, cost versus price, cost
accounting methods, alternative pricing schemes, alternative budgeting
schemes, management control considerations, and measurement of
results achieved. Warkshop leader Carl Palmer, U.5. General Accounting
Qffice, contributed this paper,

A growing number of universities are beginning to use computer-
based managament aids to assist in administrative decision making.
Once university officers look at the consequences of alternative
decisions and try to predict the likely results of those alternatives, they
very often must use the computer top- ide information or perhaps
play a mcre direct role in the decision process. In chapter six, Jon
Strauss, University of Pennsylvania, summarizes the significant issues in
the use of planning models in higher education. Most examples are
drawn from University of Pennsylvania experience, but the principles of
using planning models are applicable to a variety of schools,

The role of APL in the overall computing scene has been
controversial for a number of vears, often clouded by the missionary
zeal of APL proponents, The evidence is very strong, however, that for
many types of applications, APL offers the possibility of tremendously
improved programmer productivity. APL’s powerful features can be
especially valuable in the development and enhancement of computer-
based decision aids. In chapter seven, Allen Rose, Scientific Time
Sharing, Inc., reviews the advanatages and disadvantages of APL as a

8
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general computational language, and refers the reader to examples of its
application to administrative systems,

As universities begin to develop integrated information systems that
are imbedded in the overall activities of the institution, the ability to
deal with databases — to retrieve data elements easily and flexibly —
becomes cruciaily important, Although administrators within an insti-
tution can gain enormous benefits in time and money from dealing with
a common database, many pitfalls lie open to the unwary. There are
some very important organizational implications of moving to a
common database system. in zddition, the time necessary to implement
In chapter eight, Rob Gerritsen and Michael Zisman, University of
Pennsylvania, Wharton School, summarize issues covered in the
workshop on database managament.

It is important for university administrators with an interest in
information technology to be aware of both the services and the needs
of the library. University libraries are now facing extreme financial
difficulties as the cost of publications increases at a much more rapid
rate than inflation. At the same time, there are some exciting things
going on in library automation. Because these new developments will
have both a financial and an organizational impact or colieges and
universities, all of us must become aware of the alternatives available
for management of academic library services. In chapter nine, Duane
Webster and Jeffrey Gardner, Office aof University Library Management
Studies, Association of Research Libraries, cover the issues discussed in
the workshop on library management, and present a case study format
for evaluating management alternatives.

Computer based management information systems have the reputa-
tion of being extremely costly and frustrating to use, especially ina
college or university setting. It is a reputation which is often richly
deserved. It is clear, however, that costeffective systems can be
developed. One very important part of the process of developing
of benefits received because of the availability of new or more timely
information. This estirnate of benefits can then be weighed against the
cost of obtaining the information,

In chapter ten, Frank Land, London School of Economics, reviews
one process of estimating these benefits that was discussed in the
workshop on Economie Analysis of Information Systems.

Throughout the Spring Conference, and therefore throughout this
volume, einphasis has been placed on practical and effective means for
the college or university administrator to evaluate and use computer-
based information systems. Costeffective resources for information

9



management are available now. It is up to us to take advantage of these

powerful managemsnt tools,

James C. Emery
Conference Chainman
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CHAPTER 1

by JOHUN D MILLETT

Tough Decisions in the New Depression
Of Higher Education
Keynote Address

1.0 INTRODUCTION

| have a very simple thesis | wish 1o expound at the opening of this
1975 eDUCOM Spring Conferonc., That thesis is just this: information
alone is not sufficient to the needs of higher education systems and
carmpuses in the years that lie ahead. The need is for tough decisions,
for decisions that will preserve the essential requirements of higher
education in service to American society.

By the statement of this thesis | dc notintend to suggest for one
moment that higher education systems or campuses can dispense with
infarmation. On the contrary, | shall argue that our information
requirements are more exacting than ever before in our history. What |
wish to say is that information — na matter how precise, how
comprehensive, or how timely — cannot and will not substitute for
managernent, leadership, and governance in higher education,

There is, of course, no purpose in beating a dead horse. | had
thought by this time there were no persons left so naive as to think that
computers could make decisions. But every so often | still encounter
some individuals who appear to believe that if only the coliege or
university had more information about itself, its furure course of action
would be clear. No doubt more intormation is desirable. And the
cormputer has indeed immensely enlarged our capacity 10 process data
in Jarge quantities, to analyze trends, and 1o suggest future expectations
within specitied parameters. But the computer processes available
information. It does not make decisions. Only leaders and representa-
tive assemblies can make decisions.

e
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2 TOuUGH DF L HONS

2.0 THE NEW DEPRESSION IN HIGHER EDUCATION

|
the “new depression” in higher education, | can only assert that we in
our colleges and universities are experiencing a major depression, My
own belief 15 that thus major depression is with us for as many years
ahead as any of us care to think about, or to plan for, There are many
explanations for oufr econarmic doldrums, and almaost all of them have
some kernel of truth. Most explanations in my judgment fail short of
the reality.

It seems to me that there are two basic reasons for the new

(o

o not have time to embark here upor an adeguate discussion of

depression in higher education. One basic reason is public confusion
about just what it is that we do produce in our colleges and universities,
And the second basic reason is some public doubts about the social
urility ana hence the economic value of our products, provided of
course that we know what those products are. If there is uncertainty
about what we produce, and if there is unceriainty about the economic
value of our products, why then should we be surprised by the
cireurnstance of economic depression?

| emphasize public confusion and public doubt because higher
education is a public enterprise, Of the total income of all institutions
of higher education other than income for auxiliary enterprises, 60
percent comes from governmental appropriations, 25 percent from
charges to students, 9 percent from philanthropy, and 6 percent from
miscellaneous sources. Higher education is not supported by its direct
consumers, the students. About 70 percent of all operating income is
derived from governments for different kinds of institutions: public and
independent, research universities and genera! baccalaureate colleges.
The essential fact remains: public funding based upon public attitudes
and perceptions determines the economic well being of higher
education.

What do our colleges and universities produce? The products have
been variously described by various persons, but essentially there is a
hasic agreement. The products are educated talent, the preservation of
knowledge, the advancement of knowledge, and the demonstration of
the use of knowledge, To this listing may be added the certification of
talent based upon ability rather than some other criterion, and the
criticism of social institutions and behavior in the interest of their
self-renewal. Assuming we accept some such identification and enumer-
ation of our outputs, we in higher education are accustomed to
recognize how general in qualitative terms and how imprecise in
quantitative terms these products are.

A single example must suffice here, All of us accept the proposition

that educated talent is a major product of higher education. We

12



O

ERIC

Aruitoxt provided by Eic:

TOUGHDECISIONS 9

rmeaswate this cutputin terms of degrees granted to individualperionsin
some 30 pringipal grouping of sorme 350 d ifferent subject matter areas
of major concentrations of knowl edge. We know what we produce in
tems of cdegreres granted, But what do we k now sbout the quality of all
this talent 7 Arvd what cdo we know about why wee praduce it?

Thds last inquiry raises the second public ¢, icern about higher
ecluca tion, 1 concem abous! th ¢ social utilicy and econornic vilue of our
higher eduicati on products. We in higher ectucaion are woritto dectare
that we produsce edueated talent on thae basis of individual abil ity and
motivation, We declafe our purpiose to be ghe development of an
irdividual“s cognitive and relategd kil b 1o the fullest extent of the
irdividual *s competence, Such an  avowal af objective satisfies certain
camplexit ies of access . of process, and of output. But this formrsulation
afour role ignores completely the econprnics of higher edication; it
provicles mo standard of wvaue for our oueput and no criteriors for its
cost,

The truth of the matter is thathigher education desires a state of
econcemic affluence wwithout wapting, or uncerstanding, any of the
constsiints of economics. Beciuse so mueh of our finangill support
comes from public plamning — thatis, fromn gowernmental allocation of
resources - we ir fiigher educition expect jowernments 1o iCcept Air
own sstirmiate of our economic wvworth. Ire 3 sotiety where econgmic
resouptes are scarce, where competition fof gosvernmerital asistange is
strong, and where poli tical protess determines wwho gets howmuich, our
own esstinrsate of our owwn worthis Fot Fikely to b2 convinting

| candono morthere than express the cancl wsions | reach abrout the
pat and prospective £conomiit circurmstances of higher education. |
state those concdusions for your own consideration. H igher education
did enjoy 3 substintial advantersent in Fif economic cirwmestarices
between 1950 and 1970, ard especilly between 1968 and 1968,
betause a considerible economic vilue was given by the mirket pl ace
and by govwrpmert tor the prodyctiors of educited talent ind 1o the
produxtion of knowledge. Higher educatiors enjoys areduced economic
circuesstarice foday arnd for the Foresesabrle future sirmply because a
lessigr scorOmic value is given by the market place and .by givesiment
to thse production of educated talent and to the production of
zviowdedge, Arad | may add as 2 footnote that #n my judgrment fagulty
collective bargaining canrsot #n ary wiy Alter Our econormic Cireum-
stances; collective bargaiming may satisty faculty frustration apout
changing ecorsomic circurnstances but it will swrely not adler those
cErourristarces.

| smention economic depression  for  higher educition Decatse
econodnics will ir large part determine dhe futuse of colleges and

13
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10 TOUGH DECISIONS

univenities, All of our decision-making must be made in the context of
economic circumstances that for the remainder of this century will be
very different from the recent years, those "golden” years of 1945 to
1973. Qur information processing and analysis witl need to illuminate
these thanging eircurmstances.

3.0 PROBLEMS OF RETRENCHMENT

As | think about the next twenty-five years and as | examine the
problems of expenditure retrenchment for various colleges and univer-
sities, | s@e three especially troublesome problems that higher education
rot only must confront but also must resolve. | want to say something
about these problerns because they are critical. | also want to say
somethimg about these problems because they call for substantial
change in the future behavior of higher education. This change will not
be eaty lo bring about. | see no hope for encouraging such change
e xcept by extersive analysis and sharing of information,

3.1 Duality of Purpose

The First problem | want to mention is a confusion about the
purpose of higher education in refation to the instruction of students.
In the past decade or so higher education has found itself caught in a
duatity of purpose that was not of our own devising. The traditional
raole of keigher education has been to educate and certify talent on the
basis of individual competence and performance. But in the ¢ireum-
stinces of the 1950's and 1960’ higher education found itself also cast
irithe role of a social welfare agency asked to assist young people to
upgrade their intellectual competence and motivation and so to achieve
anypward bound socio-economic status in our society.

Two factors | believe joined in the decade of the 1960 to bring '
about some confusion about the role of higher education. One factor
wis the growing concern with the continued presence of poverty in our
society, ind a gnawing suspicion that poverty was related to deep-
seated forms of racial discrimination in our nation, The other factor
wias ghe remarkable change occurring in the structure of the American
labor market between 195Q and 1970 that did open up new
oppoftunities for the employment of educated talent. The two factors
combined to encourage the expectation that higher education could be
an gvenue of social mobility and of improved economic status for large
rumisers of persons. In the pracess of promoting individual betterment
it was appropriate that the opportunity for improvement shouid be
offered widely, including an outreach to racial and ethnic minorities
that had endured various kinds of discrimination in the past. Axd to

14
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TOUGH DECISIONS 11

this outreach must be added the increased participation of women in
the labor market, and their increased demand to be freed from
iserimination based uponsex.

If quantitative data were available about the class structure of
American saciety, | believe this information would indicate a consider-
able increase in the size of the middle class between 1945 and 1970,
and perhaps as much as a 50 percent decline in the size of the paverty
ciass. We do know that employment in agriculture declined by nearly
60 percent, that employment in professional and technical jobs
increased 180 percent, that employment in service occupations in-
creased 75 percent. Altogether, while non-agricultural employment was
increasing by about 60 percent, employment in so-called white-collar
jabs was increasing by 86 perceni. As Daniel Bell has described the
change, the United States in the third-quarter of the Twentieth Century
rrnoved from an industrial society to a post-industrial society.

Higher education played a major part in this economic and social
transformation. The principal contribution of higher education was the
production of educated talent. Another contribution was the produc:
tion of knowledge upon which the technology of atomic energy, space
exploration, health care, communications, and other economic activity
was largely built, Higher education appeared to be closely related to
economic growth and to social betterment. As a consequence, higher
education became identified with social welfare.

Unfortunately, this identification was almost completely based upon

three eircumstances: technological advancement, economic growth, and
a changing labor market. Then suddenly our society began to
understand that technological advancement could also mean degrada-
tion of the environment, that ecorniomic growth was based upon
consumption of energy supplies and raw materials which were
exhaustible and subject to higher price levels, and that the labor market
demand for sducated talent could change from a circumstance of
shortage 0 & circumstance of surplus. Higher education as a social
imstitwtion had little to offer in the amelioration of environmental
pollution, in the adjustment of economic growth to decreased
consurmption of energy and raw materials, and in the elimination of a
surplus of educated talent an the labor market.

Colleges and universities now find the economic value of their
product reduced. As enterprises colleges and universities must now
rmake do with lesser economic resources. Society no longer has need of
the same levels of productive output by higher education. Perhaps it
mizy be more accurate to say that student enroliment remains high, but
that the public disposition to support current levels of cost has
declined.

15
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If income declines, colieges and universities must eithier reduce their
costs of increase their charges to students, Bath kinds of action are
happening. Costs can be reduced irv one of two ways: by reducing
salaries or by reducing output. If output is reduced, therr presumably
employment will also be reduced. If the osutput of educated talent is
reduced, the role of higher education as an agency of sozial mobilsty
and of ecomomic betterment for rmany individuals in our society will
appear to be sacrificed. Thus the confiict arises between higher
ecducation as a social welfare institution and higher education as a
formul ator and enforcer of intell ectuz? standards.

There are very few if any persons in higher education or American
society who are opposed to quality in the performance of colleges and
universities, For, the present we may ignore the problems of an
operational definition of quality. | am disposed to believe that in the
face of substantial complexities, our colleges and universities did in
general maintain commendable standards of performance in their
instruction of students, The certification of degree recipients on the
basis of qualitative standards rermains the firstrole of higher education.

in the process of retrenchment, there is a very real danger that the
process may be seen as a conspiracy to reinfarce old patterns of racial
and ethinic discrimination. | believe this danger can be avoided, but it
will take careful and determinied action to prevent the appearance and
thie reality of discrimination. Here is one of the tough decisions to be
made by higher education in the years ahead,

| wish | had a ready answer to the question about how information
can illuminate, indeed guide, future decision-making about access to
higher education. Let us assume that access will be restricted bacause of
reduced labor market demand for educated talent and because of
reduced public and other resources provided for the operation &f our
colleges and universities. The tough decision to be made will be how"io
structure the reduction of access. It will not be sufficient to base access
solely upon test scores. It will be necessary to base access upon
quialitative standards that also perﬁiit some appropriate racial, ethnic,
and sexual balance. This objective can be realized currently by decisions
based upon rank in class for high school graduates. This kind of
standard has some utility so lang as many high schools tend to have a
concentration of graduates according to race or ethnic background. If
and when high schools mo longer exhibit some concentration of
students by race or ethnic characteristics, then other means for
achieving some balance in access must be sought. There can be no
avoiding the tough decision to ensure that enroliment reduction based
upon qualitative standards must not also bring about discrimination
based upon race, national origin, and sex.
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TOUGH DECISIONS 13

3.2 Lack of Income/Ex penditure Apalysis

There is a second kind of tough decision confronting colleges and
universities in the years ihead. Faculty members, professional stafts,
and operating staffs tended generally o participate in the economic
gains of higher educatian in the years from 1950 1o 1970, Today, many
of these groups set the.r goal as one of preserving those gains against the
ravages of inflation. We seldom ask what factors prought about the
inflation in the first place, nor do we evidenge much interest in
preventing future price infiation, We appeat to e concerned solely
=~gut protection of our income status, and even with some improve-
.aent in that status, The costs of higher aducation fave substantislly
increased undev the pressure for economis botterment of college and
university staffs, The tough decision is whather or not these costs shall
be maintainad.

“If public support of kightr education fends (o diminish, and o
enrollment zhould decling in the face of reduced tabor market demand
for edutated talent, then colleges and universities are compelled fo
re-examine both their patterns of expenditure and their pattern cf
income. Thus far, 1 would contend that our colleges and universities
have nat done an adeguate job of analyZing these patterns. There are
exceptions, to be sure, but the job of analysis is a continuing ong
requiring both sophistication of detail and simplicity of summary.

In rry own judgment these two needs can be met without any great
difficulty if only the determination to do sois present within a college
or university, | have my: own version of an appropriately simple tormat
for analysis of expenditures in a matrix that shows output programs,
swpport programs, and auxiliary enterprises as the stubs and particular
vbjeets of expenditure as the headings, But my purpose here is ot 1o
advocate anmy particular analytical framework for the expenditure
analysis of a college or university, Instead, 1 want only to emahasize the
essentiality of some process of analysis, coupled with careful considera-
tion of the factuat findings.

It is common knowledge that the college or university enterprise is
labor intensive. | we omit the cost of auxiliary enterpriscs andsucihspe-
cialized activities as ¥2aching hospitals and independent operations, on
the average we find ihvat the compensation costs for personal services will
require about two-thirds of an operating budget. The remaining cne-third
will be spervt for supplies, equipment, services, and transfer payments.
The costs of higher education are predominantly thecosts ofsalaries and
fringe bienefits for the people who work within the college or university.

As 1 have observed earlier, colleges and universities must have more
income or they miust recuce costs within the constraints of the income
they are able 1o obtain. And | have already mentioned that ifcosts are
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to be reduced, these econorries will have to be found first in the costs
of compensation for personal services., As | have studied the governance
of college and umiversity carnpuses in the past four years, | have found
one major cansequences of increased faculty and student participation
in budget decisionmaking. | have found more and more evidence of
internal conflict between the costs of faculty salaries and of studentaid
an the one hared aned the possibility of inuiessed income through higher
charges te students on the other hand.

Needless 1o say. faculty representalives either in a college or
university courscil or in a collective bargaining unit are not going to
jpropose a recluction in faculty salaries. The general objective today is to
play catch-up 0 faculty salaries, 10 achieve increases equal to the cost
of inflation. Yet one possibiility for increased income for a coliege or
university, public or private, lies in twition charges to students.
Obwicsusly, studert representatives are no’ likely to apgrove praposals
for lasger tuitions. Thus a direct conflict emerges within the academic
commiunity . increased salaries versus increased tuition,

At this point a further factor emerges. Increased tuition can of
course be offsel by increased financial assistance to students. Indeed,
the whole thrust of federal government interest in providing financial
assistance o students beginning in 1844 has provided a continuing
iveentive to colleges arnd universities to raise thvair tuition charges. If a
college or university is financially to benefit from federal government
zid o students, that benefit can only be realized from incroased twition
charges to students, In recem years, moreover, state governments have
begun substantial student aid programs, often as an offset to rising
ruition charges in publie colleges and universities.

There are two complications in this whaole area of student financial
assistance as an offset 10 increased tuition charges. Ong campiication is
that student fimarvcial assistance tends to be available to students from
families below the median family income in our ecoramy. lTis possible
that tuition charges in public and private colleges and universities have
iN some instances pegun to approach the point where they serve a5 3
positive obstacie to ervoliment for students from farnilies abave the
mmedian in family income. The other complication 15 that swdent
financial assistance available from governmental sourc 5 may Not Mmeet
actual student financial need. Both public and private colleges and
universities ifi recent years have found themselves spending as much & a
half billion daltars & year in student financial aid from general income,

Thus the coit of student financial aid becomes a factor in the
expenditure analysis of a college or ur-2<sity. Both faculty and student
representatives are reluctant to sdvocate any reduction in expenditures
for student aid, while at the sarme time realizing that the cost of student
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aid Ras become a major item of expense for their college or university.
Studert attiwdes tend 1o favor the admission and enrollment of fellow
srudents from a wariety of socio-economic backgrounds. Faculty
members tend 1o favor the admission and enroliment of students of
good academic promise, and they see student financial aid as an
essential ingredient of the desired recruitment policy. The two groups
tend to opyose any reduction in student financial aid expenditures,
while realizeny that the costof such financial aid is a priority competing
with faculty salaries and 15 am inducerment ‘to still higher student tuitien
gharges,

| would add one other comcern in this review of the tough choices of
pxpencliture amalysis. For nearly twerty years | have been a strong
advocate of a closer integration between the enalysis of college and
university income and the anaiysis of college and university expendi-
tures. Thie recommended accounting and financial reporting practices
for colleges and universities have made some progress in this direction
in recent years, although @10t nearly enough in my own judgment. We
now clissify income from various primary sources as unrestricted and
restricted, althowgh there are considerable differences in the definitions
we give to these two categories. And the standard categories of income
sources Now recognize sales and services of atleast three different kinds

ot operations, plus income from independent operations,

Beceritly, | have set forth in a published paper a format or
framework of analysis for integraling expenditure and income data
within colleges and universities. The ideas preserited there are by no
means new, and certainly not original with me. Yet I continue to be
surprisedd that so little use has been made of this particular analytical
procedure, :

The essence of the framework is 3 kind of market-analysis of each
cost certer armong the output depamtments of a college or university.
For eackh such cost center there must be both a cost of outputs
produced and a statement of income generated from instruction and
other activities, | urge this kind of amalysis because as costs continue to
rise | think departments and other production centers of a college or
university must be equally concemed with the income they produce.

I emphasize this kind of income-expemse analysis because | am
convinged that colleges and universities must generate new services if
we are Lo maintain viable operations in the future. ltis fairly clear that
instruction of students may well be a declirking activity producing less
income in the rext twenity-five years #han it produced in the past
twenty-five years, 11 is fairly iclear that research is going 1o be much less
of @ growth activity in the vext twenty-five years than it was in tha past
twenty-five years. | y2e the prospect, however, of a considerable
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expansion in public services produced on a charge basis, including
particularly adult general education. The prablem is how 1o motivate a
change in faculty behavior that will encourage efforts to produce new
services and to generate new income. It seems to me that one of the
major challerges “n information anelysis today s the challenge of
heiping to maf!. Stange.

Obviously = wteministrators o cobleges and umversities confront
tough decisiony sb2ut college and universily costs, prionties, and
income, The framework of informatian analysis must rdentify these
tough decisions, help to clarify the issues involved, contribute to their
community-wide discussion, and assist the decision-making process.
This prescription is asking a great deat of our inlormation systems, but
we dare not ask less.

3.3 Inadequate Delivery Structure for Higher Education

in the third place, | want to say a few words about the delivery
structure for higher education services. We hear a great deal today
about the costs and deficiencies in the structure of health care delivery
in the United States. And we have reason to ke concerned about health
care delivery. As an interested layman, | have the impression that in the
United States we are sadly deficient in our analysis of health care
delivery and in our capacity to devise imiproved structures of health

care detivery. But we in higher education need to be equally concerned,

indead even more concerned, ahour the delivery structure for our own
servinces as well,

Public systems of higher education have come in for a goad deal of
criticism in recent years on the ground that they overbuilt their
facitities during the 1960's. Personally, | believe this hindsight does an
injustice to the achievernents of public higher education in the decade
of the 1960’. As a public system administrator during those years | am
well aware of our major concern, and our principal objective. That
concern and that objective were to ensure a place somewhere in the
system  for every student who presented himself or herself for
enrofiment. And in general that objective was realized, This accomplish-
ment was no mean achievement.

To be sure, circumstances have changed, as | have been trying to
paint out throughout this preseniation. Enrollments in some public
do continue in some places and - in some programs. Some public
campuses built or expanded in the 1960% and even as late as 1970 to
1972 never developed the enroliment size originally projected for them.
Now that public support may decline, either in terms of dollars of
cons tant purchasing power or in terms of actual current dollar amounts,
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and as enrollments are reduced, we may have uneconomical units on
hand for the delivery of higher education service,

As of 1972 | identified 2,845 separate college and university
campuses in the United States. | have been wanting to bring these data
up to date as of the autumn of 1975, but the higher education
directory for this current year is as yet unavailable, | am sure thatthe
present number of campuses, in spite of some closures and mergers in
the years 1972 to 1975, will be over 3,000. Included in this total of
2,945 campuses were 210 doctoral-granting universities, 241 compre-
hensive colleges and universities, 883 general baccalaureate colleges,
1,183 two-year colleges, and 513 specialized professional schools.

The problem in the delivery structure of American higher educatian
is that of economical and viable size. The average size of public
doctoral-granting universities in 1972 was nearly 18,000 students; the
average size of private doctoral-granting universities was just above
8,000 students. The average size of comprehensive public colleges and
universities was 8,100 students; the average size of private cornpre-
hensive colleges and universities was 5,600 students. The average size of
a public general baccalaureate college was 2,000 students and for 2
private baccalaureate college was 1,100 students. The average size of
srivate junior colleges and for private specialized professional schoals
was 500 students,

As you are aware, there is a good deal of argument about the
minimum and the maximum desirable enrollment size for colleges and
universities, The Carregie Commission on Higher Education expressed
concern about enroliment size in its 1972 report on the more effective
use of resources and again in its final report at the end of 1973. The
Commission proposed a minimur size of doctoral granting and
comprehensive institutions of 5,000 FTE enroliment, a minimum size
of 1,000 enrollment for liberal arts colieges, and a minimum of 2,000
enrollment for community colfeges.

I would be inclined to quarrel somewhat with these figures a5 of
1976. | would argue that 5,000 is a desirable minimum size for any
four-year public college, and | believe that a private general baccalay-
reate college will have great difficulty in survival if its enrollment
remains under 2,000 students. The test of economy and viability is
two-fold: (1) enroliment sufficient to support three full-time faculty
members in every academic department offering upper division majors,
and (2} a resource allocation that maintains support costs at under 40
percent of the total educational and general budget.

I am very much concerned, as others are and should be, about the
rising costs of support programs at all our colleges and universities.
These support programs include academic support, student services,

o
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plant operation, institutional support, and mandatory transfers. | do
not include here the costs of auxiliary enterprises, These support
expenditures have been forced upward by several factors, including
rising fuel costs, umonization of operating persennel, and various
fecderal laws affecting employment practices, campus safety, and
smployee benefits. Another tuctor has been the need for extensive
developmental services 1o some students emalled in our colleges and
universities.

The Academy for Educational Development two years aqo con-
ducted a study of support costs for several independent general
baccalaureate colleges and found that support costs amounted on the
average to 45 percent of the educational and general expenditures. The
colleges in this study ranged in enrollment size from 1000 to 2800
students, We found that in a college of 1000 enrollment support costs
were: 60 percent of educational and general expenditures, while in the
college uf 2800 students support costs were 40 percent of educational
and general expenditures.

It is not going to be easy to reduce support costs in our colleges or
universities, or even to keep them stable. We shall have to eliminate
some services and economize on others. Unfortunately, these econ-
omies may affect infarmation processing and analysis, as well as
institutional planming. With demands for information increasing, we can
scarcely expect to reduce our capacity to respond.

| see no solution to the problem of support costs in our colleges, and
i osome of our universities, except to undertake federation. We simply
must become mare alert to trends in support costs, and we must find
means to reduce these costs on a per student basis. Any such reduction
probably means a process of consolidation in the delivery structure af
higher education,

Once again, tough decisions will be demanded if the information and
analysis of support costs within colleges and universities are 1o lead to
action to hold these costs constant, ar even to reduce them. There are
all kinds of arguments about why a college should be kept in operation
with full independence of its governance, leadership, and management.
From experience on both fronts, | am convinced that it is as difficult to
close down a college as it is to close down a miliary installation.

4.0 CONCLUSION

There are many individuals, | am sure, who will reject the underlying
assumption of these remarks, which is that of a decline in governmental
suppart and some decline in enrollment of the traditional college age

2
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cohort, There are many persons who réject retrenchment as a way of
life for higher education and who insist that all administrators have to
do is to demand more income. Like you, | read the other day about the
president of a public university whose faculty voted no confidence in
his leadership because in the faculty view he failed to extract the
desired level of support from the state appropriation law, Knowing
something about the state involved — | am a resident and taxpayer in
the state — | can only conclude from this episode that the faculty of
that state university is completely out of touch with the taxpayers, the
political parties, the governor, and the legislators of thatstate.

I commend to your reading the 1975 report of the president of the
Carnegie Corporation of New York, This reportisa saﬁering statement
about the realities of our nation’s {oss of public confidence in higher
education. Mr Pifer wants stronger concern with higher education, and-
more financial support from our federal government. He'.is more

optimistic than | about the possibiiity of either.

But regardless of how you of | read fhe future, | am sure we can
agree that governance, leadership, and management within our colleges
and universities cannot function except with. an adequaie information
base, and with the analysis of data bothin requisite detail and in a
useful framework. Maybe the tough decisions | foresee may not be
necessary. The information base will be indispensable, in any event. |
am inclined to prepare for the worst, and be thankful when the event is
better than anticipated. In this day, we can scarcely ask for more.
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CHAPTER 2

by J. WESLEY GRAHAM

New Approaches to Project Management
Workshop Summary

1.0 INTRODUCTION

During the past three years important new programming and systems
design techniques have become the subject of increasing interest. These
include structured programming, top-down design and top-down
programming.

Primarily, these techniques were introduced o aid the programmer
in the development of prograrns which are easy to debug and maintain.
However, the ideas can be mare broadly applied to simplify many other
aspects of the design, development, implementation and maintenance
of computer systems. The objective of the EDUCOM Spring Conference
workshop on project management was to examine the impact of such
techniques on the management of programming projects.

2.0 BASIC TOOLS OF STRUCTURED PRGéRAMMING

The opening session of the workshop presented a review of the
fundamentals of structured programming. This permitted all partic-
ipants to have a basic understanding of the terminclogy. Programs
constructed with the following three rules would be structured
programs,

® Programs are written inn modular fashion; each module has a single
entry and a single exit. : -

® The two decision elements used are |F-THEN-ELSE and DO-
WHILE.

The IF construction provides a choice of two modules fo use,
depending on the cvaluation of a condition. The important thing
—-21—
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about these modules is that they have a single-entry and a
single-exit, and both modules exit to a common control paint.
Thus the complete |F construction has a singie entry and a single
exit,

The DO-WHILE construction allows the repetition of a particular
module zero or more times depending on the evaluation of a
condition. When this repetition is terminated, control proceeds
sequentially. Thus the complete DO-WHILE construction has a
single entry and a single exit.

® Each program has only one stop instruction, which is at the end
of the mainline routine.

Programs written with the foregoing three rules are linear in nature.
Contiol proceeds from module to module, with no branches to cause
logical complexity. Thus the programs should be easier to debug and
mairtain.

2.1 Structure Diagrams

When a program is written in this structured-programming style, the
traditional flow chart can be considerably simplified. The diamonds can
be replaced by small circles, the rectangles can be replaced by straight
lines and all flow-of-control arrows can be omitted. The resulting flow
chart is called a structure diagram. Figure 1 illustrates a typical
structure diagram. The corresponding flow chart is shown in Figure 2,

2.2 Pseudo Code

Working in a particular language such as COBOL puts many demands
on the energy of a programmer. Too much time is spent warfrying about
the details of the syntax and semantics of the language. At the same
time, the limitations of the language cause the programmer to put
artificial complexities into a program. To overcome these difficulties,
programs can be first written in “pseudo tanguage” which has few rules
and can pe invented by the programmer as the code is written. When
the complete program has been written, the pseudo language can be
converted 1o the language to be used on the computer, such as CoBOL
or PL/, and can be debugged. A sample of a pseudo code program is
showr in Figure 3.

2.3 Use of Flags
When a special condition arises in a program it i5 always a
temptation to handle it immediately by transferring control to another

N
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INITIALIZE

READFILE A

READFILE 8

COMPUTE LOWKEY

WHITE A-RECORD

READ FILE A

FINALIZE
STOP
A
B IFAKEY - LOWEKEY
C IFBKEY = LOWKEY

i Y @ W
OO

WRITE B HECORD

WHILE RECORDS REMAIN IN ONE OF FILE-A ORFILEB

FIGURE 1 — A typieal structure diagran.
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EIGURE 2 — A corresponding typicai flowchart.
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HEAIIFILE &

1 TiAL LT
NYURE HESDFILE &
iy R E FIEAD FILE B PRIDHEADIFNE &

[R50 BAELTE LI mEY
[RIWHILE LW REY NUT s0lie wa Uk
TFASET LOWHEEY THEN HEinW HEADFILE H
RIDVE A REUDIHED TOAMERGE HELUHD HEADFILE BHECGHD INTO STORAIGE

WHITE MEHGE HECORDIURTL R ROGE FILE ATENDISET BEEY TU HiGH YALUIES
iNwiinE HEAD FiL € A ENIHEALIFILEH
£ HINE
IFBEEY EFEY THEN
RUIVE B H FO TOOMESGF HELORD BELIN COMPUTE LOWREY
WEITE RIFEGE RELOHD ONTO MERGE FiLE 1A REY LESS THAN B EEY THEN
IMVOKE HEADTEILE 8 LUWEREY AEEY
ENDIF
NVORE COMPUTE LOWELY LOWEREY - BEEY
ERDD0 £NOIF
FiINALIL EMDI COMPUTE LOWKEY
5Tk

LMD MAINLINE

FIGURE 3 — Sample of pseudo code.

‘module. However, such action would cause the current module to have

two exits, and would violate the rules as outlined previously. Usually
the action should not be taken immediately in any case. To overcome
this difficulty flags can be used to indicate that the condition cecurred,
These flags are then tested later in the program and the required action
is taken at the appropriate point.

A common example of the use of a flag occurs whenever a file being
read comes to "end-of-file”. It is seldom that anything should be done
at that paint. In fact, by setting a flag and proceeding normally, the
logic of the program usually becomes quite simple. This use of a flag is
shown in the pseudo program in Figure 3. In this case, the flag is the
key field in the input area of the record being read. If no record is read
because of end-of-file, this key is set to infinity.

2.4 Merging Sequential Files

The exampie of a two-way merge of sequential files illustrates each
of the techniques mentioned in the foregoing paragraphs. Figure 4 is
the data-flow diagram, Figure 3 is the pseudo program, and Figure 1 is
the structure diagram for this example. This system accepts as input
two sequential files, namely FILE-A and FILE-B. Each of these files has
its records in ascending sequence by their key. A new file is written
called MERGE-FILE which contains all the records of FILE-A and
FILE-B in ascending order by key.
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A RECORD

( el T ]
C},{ 1
FILEB

B MERGE-RECORD

During the conference, workshop participants were able to maodify this
merge system in many ways, thus demonstrating that it was easy to main-
tain, and attesting to the effectiveness of the various tools and technigues.

3.0 TOP-DOWN DESIGN AND PROGRAMMING

The concepts of pseudo code and structured programming lead
naturally to the top down design of computer systems. Structured
programming permits the entire system to be expressed as a linear
sequence of single-entry, single-exit modules. Because each module
denotes action, it can be thought of as a “verb”. In fact, since the

9
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pseuda language 15 manufactured according to these requirements, these
verbs hecome the verbs of the pseudo language. These verbs are
“application ornented’” a5 compared to “system oriented”, and thus

have a natural meaning to anyone famibar with the application being
developed.

As a first step in top-down design a pseudo program using
application-oriented verbs can be written to describe the system being
designed. These verbs are usually very general in nature at this stage. In
the second step, the programimer expresses these general verbs using
more specific application-oriented verbs and the same pseudo coding
technique. This pracess is repeated at each level, until the application-
onentad modules become quite specific and detailed. Using technique,
successive refinement, the systern is progressively developed from
gereral high-level components to detailed low-level cornpunents. For
this reasan, it is also referred to as top-down design,

To illustrate the technigue, workshop participants developed an
accounts receivable system for a credit card company. Al facets of the
system were developed using pseudo code and structure diagrams, and
at each stage of the development a structured walk-through was
conducted to detect logical flaws in the system. The participants
worked as a team under the direction of a chief programmer (the
workshop leader). After the system was desigried, it became clear that
the actual programs {COBOL was used for implementation) could also
be deveioped or programmed and tested from the top down.

4.0 PROJECT MANAGEMENT

Because top<down design uses a pseudo language with application:
ariented verbs, non-programmers can participate in the design of the
system. In fact, the end user of the systern can confidently take an
active role in the design of the system and can raanitor its development
as closely as is required. This has the following advantages.

® The problems of communication between the user and the system
analyst are minimized.

& The user does not have to define all aspects of the project before
it is started. Usually many details ot the final project are
unknown to the user at the outset, and these can be postponed,
and corsidered when the top-down development has reached a
lower level of detail.
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4§ way at an early stage of implementation. In this veay
detected before high levels of

serons misunderstandings can be
pxpenditure have been reached,

Sineye the system beging to operate at an early stage, it is possible,
and 1 fact Likely, that the user wili begin to use it before the
system s completely developed, This helps eliminate the accept-
ance test so common in an application system’'s development

cycle,

The entire project takes on a “lively” characteristic which
generates enthusiasm in all parties. The user sees results early and
s enthusiastic. The system developers are enthusiastic because
they sec the fruits of their labor at an early stage and have some
indication that they are satisfying the user,

it is easy for all parties to determine whether or not the project 15
an schedule, it does fall behind schedule, the system at least
partially works, asit s heing developed from the top down.

To illustiate these points workshop participants considered the
development of a system for terminal access to 4 data base. Since all
partiipaints were associated with education in some way, the hypo-
thetical data base was student records, and the user was considered 1o
b the registrar and the community served by the registrar’s office. The

system to be designed as an elaborate

one, but it became evident that a

useful sub-system could be implemented within one month, This
system could be progressively developed until it had all the required

features.
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Planning for Computer Services

1.0 INTRODUCTION

This chapter focuses on identification and discussion of the issues
involved in pianning for computer services: both planning for computer
service facilities and planning for the ways in which these facilities can
be effectively utilized within an institution of higher education. The
workshop at the EDUCOM Spring Conference covering the topic was
divided into four distinct sessions. The first concentrated on strategic
planning issues; the second on the intermediate range or tactical
planning issues; the third on shorter terrn operaticnal planning issues;
and the fourth on a simulation exercise aimed at elucidating the points
made in the discussion and at understanding the interrelationships
between the three levels,

2.0 STRATEGIC PLANNING

To consider the issues related to strategic planning for competing
orie must begin with a discussion of the process of planning. This
process can be seen as the definition of objectives, the determination of
goals, the establishment of programs and projects, and the setting of
budgets. While planning, as here defined, has always been done in
colleges and uiiversities, it has been performed in an open, recognized,
and conscious fashion. For example, a decision to make no change
represents a plan for the indefinite extension of the status quo. Yet,
this decision has not often been a conscious one by college administra-
tors, particalarly those concerned with planning for computing.

Strategic issues related to planning with and for computiiig in a
college or university include: the role of computing at the institution;
the long-term objectives and goals of the institution; the specific plan
that exists for the institution’s development; the direction of develap-

—37 —
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mant of ynformatnon processing rechnology; the way in which the
insitution wishes 1o determine pol oy in the nformation processing
area:; the rate at which expenditure for computing 1s to change; the
history of computing acuvities at the institunion; and the success and
failure in applying and managing computing at other similar
institutions. !n considering each of these issues, one must assure a good
match between the computing services prov:ded by an institution for its
instructional, research, public service, and administrative programs and
the long-t¢im goals and objectives of the institution, Many probizms in
information processing systems rnanagement occur as a resuly of a
mismatch between objectives of the institution and the computing
services provided. Inclarity of goals, lack of understanding, ar, more
likely, lack of senior management involvement can lead to such a
rmismatch.

3.0 TACTICAL PLANNING

Intermediate range or tactical computing planning deals with
problems 1o be encountered in the two-to-five-year time frame. Primary
issues constdered here are: form and method of organization; methods
to determine computing needs of the served community and ways 1o
analyze these needs so as to highlight the differences between
requirements and aspirations: ways 1o develop concrete middle-range
plans; methoeds for defining service options; methods for determining
cnteriz for option selection; methods for selecting options; and
methods for allocating resources and for cost recovery. While strategic
planning must involve the policy leadership of the institution, the
development of tactical level plans and objectives becomes the
responsibility of the computer facility management in consuitation
with the served community. In the instructional and research areas, the
focus must be a definition of an acceptaple computing environment and
on the expected rate of its development in the desired direction:
reduced unit cost, expanded service sophistication and volume, etc. In
the administrative area, development of middle-range plsns involves
primarily the identification of specific systems development or modifi-
cation programs that meet specific functional or cost reduction needs
of the institution. In many colleges and universities, the most important
tactical problems are organization and cost recovery. However, both of
these areas, while discussed as intermediate-range problems, aiso have
strategic implications. Organization of computing activities within a
single institution must reflect institutional structure and needs. Clearly
to achieve harmony with the style of the institution, participation of
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faculty and the served community 1n the governance of computing
must be appropriate to that style. In the area of cost recovery, many
5, including style, are important. Diiferent cost recovery mernads
appropriate for different institutions and for the sagme institution at
different points in s development oycle, For example, what s
sppropriate for an institution which 15 new to computing and which
does not have a large volume of externally supported research may be
very different from that appropriate to an institution where computing
is well established and mature and where a large volume of funded
research 15 conducted,

dré

4.0 OPERATIONAL PLANNING

Operational planning issues involve tasks which require impiementa-
tion within twelve to twenty-four months. Items of oncern include:
ways in which the insitution can meet short-term needs; ways in which
inputs and outputs can be measured and controlled; ways to asure that
the institution operates with a high quality of service and with a “"user
conscience’’; and ways in which information developed at the opera-
tional level can be fed back as input to the strategic and tactical
planning levels,

A major issue of concern at this leve! of planning is the develapment
of appropriate standards by which short-term operaticna! goals and
service quality can be measured. Standards should be developed to
control and measure both internal efficiency and external effectiveness
measures as in this way they, in fact, develop a contract for expected
performance with the service facility. Internal efficiency measures can
be developed from industry standards or from discussions with similar
facilities at other insfitutions. In essence, standards and performance
measures should relate closely to goals for they embody the determined
measures of success, Another important consideration at the opera-
tional planning level is the relationship between short-term and
long-term problems. For example, short-term investments are some-
times hard to justify, but they may result in longterm benefits.
Likewise, inexpensive, prompt solutions to immediate problems may, in
fact, represent only a glossing over of more fundamental issues that
should be defined and solved for the long term, An example of the first
issue is the investment of substantial staff time in the redesign and
rewriting of an old computer applications system in order to reduce by
a far greater amount the future cost associated with subsequent
modifications to that system. An example of the second issue is the
continuous investment of one staff person per year to handie
modifications 1o an applications system when the one-time investment

ae

d0



O

ERIC

Aruitoxt provided by Eic:

Jd 0 PLANSING T8 UONPL TER SERVILES

of two staff i

would reduce the connmuing etfort to one-qua ter of

astaff person por yvear.

5.0 SIMULATING COMPUTING PLANNING
To identify critical 1ssues 1 planming for computing in a college or
versity, a simulation exercise using a hypothetical university system
can be helpful, In one such exercise a five campus university system in
an urban ecommunity is described. This system has a developed
computing capaaty 0 sdministration, and a rapidly growing require-
ment for computing in the undergraduate teaching pragram. Numerous
technical and interpersonal issues are involved, In the simulation,
participants are required to describe a proposed strategy for the college
systen to plan and select appropriate computer services for its
community, While computing is an important issue for the college,
many of the evident problems in this simulation represent policy and
organizational sssues for the college that are general rather than specific
to compuuting.

In mest real institutions of higher education, general policy and
organizational issuss are intertwined with policy issues related to
computing services. To devetap realistic prans at the strategic, tactical
and operational levels for the provision of computing services,
administrators must first develop or clarify general institutional goals
and objectives, By playing the role of administrators in the simulation,
university officers may, more easily, realize the importance of
developing general goals and of relating those goals to the process of
planning for computing services.

uni
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sy JOHN W.OMUWCREDIE

Applications of Minicomputers

1.0 INTRGDUCTION

The primary purpose of the workshop was 1o explore present and
potential impacts of minicomputers on the development of cost
effective information processing systems in colleges and universitites. in
the workshop participants examined both the benefits and the

' problermns associated with a number of operational systerns, and shared

experiences with applications in administration, education, and re-
segzrch. General questions such as “"Which is better — a maxi or mini?”
were avoided. Instead discussion focussed an an examination of what
properties of a particular application, within a particular organizatianal

minicomputer.

itis impaossible in a short summary to reflect the primary feature of
a warkishop — spirited intercliange among colleagues from different
organizations having widely divergent backgrounds. However, the
following sections outline the irajor topics and present some of the
observations contributed by about twenty five people during six hours
of disgussions.

2.0 TECHNOLOGICAL CONSIDERATIONS

The design and performance space of computers has many dimen-
sions. To reduce this complexity and to avaid semantic arguments, we
defined a minicomputer to be one based upon a central processing unit
and memory which costs in the range cof one to fifty thousand dollars
without peripherals. State of the art systems have word sizes ranging
frarn 8 to 32 bits, standard primary memory configurations of 4 to 16
thousand (1024} words, addition times less than a microsecond, a full
range of peripherals, and good software support. Thie Auerbach report,
“An Overview of Minicomputers™ {4), contains an excellent taxonamy
of the characteristics of minis,

- 35 —
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Rup.d advances in underlying technologies guickly impact mini-
comnuters in the marketplace. Over the past five to ten years the cost
as falien at about

of o man of approximately equal computing powar R
e classified as a
£ microcomputers
that ofters sell fur less than a tiwoucans dollars, have word sizes of 4 to
16 bits, primary memories of .5 to 4 thousand words, and limited
software support. We examined the Digital Equipment PDP-11 family
of systems to see how a number o} early weaknesses of minis {e.q.
limited addressing capabilities, too few registers, primitieve input/
gutputl capabifities, etc.} have been improved.

Vendors now market upward compatible systems that range over
factors of five hundred to one along dimensions such as memory size
and cost. The minicomputer industry currently has about sixty vendors
who sell more than one and a half billion dollars worth of equipment
vach year. Dollar volume of 1975 shipments advanced about 24 percent
from the year beforc. As customers expand the scope of their
applications, they are buying larger and more sophisticated systems
each year, One manufacturer reports that the average value of a newly
ordered system has increased by almost 3 factor of three during the past
five years. During this same period the unit cost of subsystem
components has fallen rapidly. Current forecasts place the mini market
at five billion doltars annual sales by 1980. Technological factors pacing
such rapid growth include decreasing memory costs, large scale
integration of logic circuits {LSI), advances in communications capa-
bilities, and the accumulation of system saftware and application
packages.

asystem that was

thurty percent per year, Theref
’ st endd of the scale ;

“maxi” 1y now 3 minn, At tha g

3.0 SUCCESSFUL APPLICATIONS

Participants presented a number of case studies in which minis have
been used successfully to create operational systems within colleges and
universities. Example application areas include the following,

® Generalized Data Entry: These systems are based upon a mini
that supports a number of video terminals dedicated to data entry
keypunch replacement and enhancement, Such systems often
have a local disk and printer, and usually communicate with a
larger centralized computer for batch processing of master files.
These applications feature extensive video formatting and validity
checking in addition to localized control of data. Often the
person who enters the information directly to the system via a
terminal s the same person who previpusly transcribed data from
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3 spurce document to a keypunch form for centraliesd

punehing.

discussed o Uid ared 5 ad

Jext Procesiog, Thic appiCation
expenmental word processing system developed at Carnegie-
M ' duriag the past year. The svstem is one nt
many apphcatons implemented on a large timesharing minicam-
puter. A number of people now use the system o tinely to
create, edit, and produce high gquality manuscripts and individuat:
ved letiers. The small text processing department at Carnegie is
based upon a cost recavery philosophy and is budgsted as 3 2ero0
net cost operation for the fiscal year beginning July 1976.
Analysts will gather usage data during the coming year and
compare costs of using this system with stand-alone micro-
computel based word processing systems and non-Computer
systems,

Actrurnstrative Areas: The article by J.D. Hepperton {2} served
a5 the focal point for an examination of administrative applica-
tions such as on-ing registration, library circulation control,
payroll, sccounts payable, ete. Many people represented organiza-
tinns where these applications are currently being processed on a
targe central facility. Discussion centered on the henefits and
problems of converting to a mini based system.

Timesharing Educational Systems: There are a number of stand-
along minicomputers that support timesharing operating systems,
Some are particularly attractive for teaching programming Courses
and for supporting computer aided instructional materials since
they provide excellent response and are inexpensive 1o operate.
Giher systems are single user machines that support a variety aof
interactive languages and communicate with larger systermns. Many
of these systems are designed for the small school or a
department within a larger arganization.

Research Support: Support of Iahoratory activities is perhaps the
area in which minis have made the largest impact in universities.
On-line control of experiments and real time data collection and
analysis both have long histories of successful implementations
that have increased the effectiveness of the scientist. More
recentiy, however, researchers have discovered that the same mini
used for these purposes can be an effective “number cruncher”
when 1t is not part of an experiment. Programmers tan talor an
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ihguration  and  thoeby  sgve

apphication o 4 parnoyla :
substantal funcds which would otherwiss be spent on centeal, or

cwtetoab bacihbies. Such trends cause obivious concerns  for

(NI | RIS SIS SYRRW R S T ESITE NS FYVIRI 1S SET A0

(oonpnter Bestinnr Research Many computer sgence depart-
Frents Gla usis ThUS 10 Creals now systems in areas such as
graphics support, multiprocessors, networking configurations,
pperating system and language development. Minis are partic-

ularly attractive for many of these experiments because of costs,

e nstabnlity Gurin

Some of the reasons advaniced for the success of these applications

inciude:

low CO51

high relairlity

Hexibility due tolocal congrol

muodular ime phased purchases

abulity to keep pace with technology

capability to tune an application to a particular user community
wall defined interfaces to users and other systems

ease of understanding

in some of these applications the mini was used as a stand-alone
computer system dedicated to a small set of tasks, but in others the
mini was part of a distributed computing network in which tasks are
assigned to the subsystem on which they fit best,

4.0 DISTRIBUTED SYSTEM ARCHITECTURES

In a session devoted to distributed system architecture, participants
explored a number of different interfaces among mini, micro, and maxi
computers. The article by Canaday et al. (1) is an exceflent example of
one such design. A potential design for a distributed system to serve a
college and university consortium served as the focal point for this
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discussion. Emphasis was on a plan to have each organization acquire
just the right amount of hardware to solve its local problems while
sharing parts of a larger system for growth and access to more

sophisticated applications. The discussion was an exercise in task
oriented system design.

5.0 MANAGEMENT ISSUES

Proliferation of minis within an organization causes many problems
of management control. The article by W. Roach (3) highlights many of
these issues from the perspective of a supplier of centralized informa-
tion processing services, Some of the points which surfaced during the
workshop are:

® hidden costs (programming, maintenance, space, operating

supplies, spares, etc.)

{oss of computing revenues to central site
® multi-vendor interfacing problems
& replication and waste of effort

® procurement approval policies

government contract biases that often favor purchase of minicom-

which favor lease rather than purchase

® applications expanding beyond hardware capabilities

naive purchasers

# |ass of organizational control

difficulty of programming due to limited software

® problems with field engineering and spares

In large central computing sites, hardware costs often amount to only
30 or 40 percent of the expenses of the installation. Sometimes a user is
sold a mini based on a simplistic comparison of hardware costs to total
service fees for alternative modes of supply. The user must then hire
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and train skilled professionals and often must face many of the issues
which take so much time and effort within larger installations (software
maintenance, operations, ordering of supplies, maintenance contracts,
security problems, personnel problems, ete.).

6.0 CASE STUDY

The workshop concluded with a study of a problem presented by
two participants. They were evaluating a minicomputer o augment
computer services that their school purchases over a network from a
distant university. Although users in the case study were happy with
their networking arrangement, they wished to expand usage. Could a
well designed mini system help to satisfy their needs in a cost effective
way? The discussion of this problem helped to clarify a number of the
issues which were raised in earlier sessions.

References
Participants were asked to read the following articles prior to the

workshop:
1. R.H. Canady et. al., A Back-end Computer for Data Base
Management”, Communications of the ACM 17, 11 (October
1974). ’

2, 1.D. Hopperton, “’Registration Can Be Fun...”, Technological
Horizons in Education, December 1975, Vol. 2, No. 8.

3. W.R. Roach, “Minicomputer and Microcomputers: ...”, Com-
puters and People, July 1976.

4. "Overview of Minicomputers”, (Auerbach Inc., Philadelphia, Pa.)
19765.
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managers are the key resources in any software development activity.
The key entry device and operator are the key resources to data entry.

Organizing the cost accounting, resource usage measurement, and
facilitates the analysis and development of budgets and prices. More
importantly, it facilitates making the budget work and the prices
realistic. The most important aspect is chéosing the primary measure of
work done, it must be simple and yet comprehensive enough to
measure the output of most of the components of your work center.
For instance, the number of lines of code for a programming center
(scientific, business, etc.) is a simple, but generally insufficient,
comprehensive measurement of the work done,

2.0 ESTABLISHING PRICES FOR YOUR SERVICES

What are your goals in pricing services to end users? Typical goals
are: to control demand by enforcing fiscal discipline; shift the
services; and establish accountability for both the data processing
activities and the user of data processing services. There should always
be a direct relationship between cost and price of services. The priority
pricing schemes wherein artificially high prices are set based on demand
surplus and artificially low prices are set based on a surplus of supply
invariably lead to unstable pricing in an environment that, typically,
demands stability for sound planning.

Demand may be controlled by manipulating availability or financing,
or by a combination of these factors. If you limit total computing
capacity or other key resource, demand will ultimately be controlled by
the capacity limit, If you limit the financing dollars to those purchasing
data processing services, academic departments, administrative depart-
ments, etc. demand will also be ultimately limited. There is no simple
answer because the goals of maximizing the utilization of the key
resource while achieving full cost recovery are both highly desirable but
also antagonistic. The key to reducing the conflict between these goals
is to require advanced estimates of data processing requirements and
then planning appropriately to meet them. Enforcing discipline to the
development of these estimates requires, most often, an advance
commitment procedure, Under such procedure, the end user submitting
the requirements estimate becomes committed to paying for the cost
variance if his estimates are not realistic.

in the academic computing services area, it is not realistic for
students to be accounted for, billed, or to be required to make advance
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estimates of requirements, For most faculty there is little potential for
obtaining advance estimates of resource requirements with sufficient
accuracy or lead time to make them useful for planning. Focusing the
financial responsibility for academic computing services at the right
level of responsibility, however, provides a useful way of solving this
problem as well as focusing the fiscal control of the cost of these
services at the right level of responsibility. What is the right level? The
Deans and/or the Vice President for Academic Affairs are generally
responsible for the budgets for academic instruction and self-funded
research. Any fiscal control of the demands for academic computing
services should logically be focused on them as the principal end user
and financing source, Dartmouth’s modet of free services for students are
basically focusing the financing and control of demand at the university
president level. In most larger schools this is probably too high a level
and it well may be too high a level of controt for many smaller schools.

To be effective, the pricing and billing of services for academic
computing must be exercised in a way that end users of services is
supplied with understandable bills, organized and supporied by
resource usage detail, that they can use to make the budgetary
trade-offs between computing and other resource requirements of
academic instruction and self-funded research.

3.0 HQW,TQDD ALL TH!S AND NOT BREAK
YOUR BACK! )

The key ingredients for successful budgeting and pricing are
systematic resource utilization measurement tied to adequate cost
accounting records. Make cost accounting work for you in:

# identifying expenses

® accumulating the expense information in useful classifications

® aggregating costs by operational center and meaningful categories

® transferring costs among the cost centers according 1o the work
flow

# job, product and system costing

® providing direct support to billings and useful information to the
end user
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Underneath the cost aceounting you must have balanced and systematic
resource utilization measurements, Whatever you measure and record
will tend to focus attention on that resource usage (the so-called
“attention-directing’’ phenomena), If you measure too much, that
attention will be diffused. 1f you concentrate on certain limited
measures, the unmeasured will slip through your fingers, A great deal of
care must be taken to establish a resource measurement system that is
balanced, concentrates on a limited number of key resource measures,
and provides checks on unmeasured areas of resource usage. The system
must be maintained and reviewed for sufficiency periodically. It also
should be tied directly into the cost accounting and the billing system,

4.0 ROLE OF PRICING IN A NETWORK ENVIRONMENT

The objectives and alternatives of neiwork pricing are very similar to
the ones discussed earlier. They are however, more sensitive and
complex in a network environment. The constraints are sirilar but can
become very hardened and limited when dealing with different
corporate entities (universities, colleges, etc.). In the EDUCOM net-
working situation it would also appear that proper pricing is even more
critical than in most other environs.

in the report of a task group of ADP management professionals,
principles, standards, and guidelines for management control of
automatic data processing activities and systems are set forth. A portion
of this report is included in this valume as Appendix B.
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by JON C. STRAUSS

Use of Planning Models at Penn

1.0 FOREWORD

The workshop an planning models in higher education involved four
formal presentations. Each presentation evoked a great deal of
discussion, not only on PENN planning and budgeting approaches, but
alsc on related approaches employed at other institutions. This report
cutlines the formal presentations to the workshop. The resulting
discussion was lively and stimulating, but virtually impossible to record.
Formal presentations covered vyearly budget models, equilibrium
models, a tenure planning model, and long term budget planning.

2.0 YEARLY BUDGET MODELS AT PENN*

This part of chapter 6 is concerned with yearly budgeting at PENN,
its relation to the organizational structure, and the supporting budget
models and information systems. Throughout, emphasis is placed on
the proposition that budgeting is the quantitative expression of the
fiscal planning supporting other planning processes.

The chapter is divided into four parts: responsibility center organiza-
tional structure; university budgets; Penn budgeting process; supporting
information systems at Penn.

in 1973 the University of Pennsylvania adopted a responsibility
center accounting structure to better relate academic and administrative
planning to fiscal planning. The Penn responsibility centers are
classified as instructional, resource, and administrative service centers,

*The rmaterial for this section was drawn in large measura from: Strauss, J.C.,
»Administrative Information Systems for Planning”, Defining the Future,
Froceedings of EDUCOM Spring 1975 Conference,

—47 -
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Instructional centers perform the main academic teaching, reseaich
and service missions of the university and are responsible for balancing
tetal income to total expense:

Total ipcorne includes direct center incorme and a share of
university general income (subvention),

Totyl expense includes the actual direct costs and budgeted
overhead costs of the center,

The Penn instructional centers are the fourteen schools and colleges.

Resource centers provide academic resources and services in support
of the schools. They are income-expense budgeted and the bulk of their
income comes from general university income.

Resource centers include:

Department of Intercallegiate Athletics
Annenberg Center

Interdisciplinary Center

Museurn

Library.

Administrative service centers are primarily expense budgeted based
on services necessary for support of the instructional and resource
centers. Penn administrative service centers include:

School and Department Libraries
Student Services

Department of Physical Piant
Auxiliary Enterprises

Central Administration

Development
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Expenses described in Administrative service center budgets, net of
any direct income, are spread to the responsibility and resource centers
as overhead costs. To allocate overhead costs the budget office uses
algorithms driven by factors such as numbers of students and faculty,
size of budgets, amount of space, and so on.

Information systems support the budgeting process at Penn in
several ways. They provide data on: current and previous year actual
and budgeted fiscal performance; and factors affecting fiscal perform-
ance. The university information systems also provide mechanisms for:
projecting future fiscal performance and developing strategies for per-
formance control; testing submitted budgets; and controlling organi-
zational behavior to budgets.

Because Penm uses the responsibility center structure, university
administrators must deal with several issues, sorme of which are seldom
encountered in other colleges and universities:

® Subvention setting

Responsibility center fiscal performance

Bank management
® University fiscal performance
# Sizing of resource and administrative service centers

2.2 University Budgets

General income-expense budgets for Penn are represented by a
complete 47 row, 9 column budget matrix. In this matrix, rows
represent incomes and expenses while columns represent activity types
like Instruction, Organized Activities, and Research both restricted and
unrestricted. Most budget analysis concentrates on the responsibility
center unrestricted operating budget matrices. A typical example is
iflustrated in Figure 1.

2.3 Penn Budgeting Process

The Penn budgeting process involves four phases: formulation of
guidelines on a university basis; preparation of outline budgets for
schools, resource centers, and service centers; preparation and test of
jine item budgets; and operational control of budgets,
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SECOND ROUND BUDGET PROJECTIONS
(A Typical PENN Scheol)
REVENUE .
Totat Tution 10.387
Undergraduate Tuitign 5,150
Haquiar 4 234
Special 916
Graduate Tuihan = 5.237
Regular 48611
Special 626
Tution frem Special Programs I - 0
Special Fees IAL:)
Einancial Aid incame o]
I nvestment | peome 138
Gift Ingame - Private 0
Grant and Comract | ncome 4]
indirect Cost Recoveries 979
Sales and Serviges 109
Miscellaneoys Ineome i 1]
TOTAL DIRECT INCOME 11,722
Special S1ate Approprialion a
Erom General University 1,473
Bank Transaction _201
TOTAL AVAILABLE 13,356
EXPENSE o
Compensation ) 6.123
Adminisiranan 517
Acaderiic 4,000
Cierieal 474
Service 94
Emplayes Benehits 1,038 ~
Current Expenie - .2
Equipment 76
Student Aid o 1,708
Undergraduate - Hegular 1.040
Undergraduate — Special 44
Graduate — Regular 624
Graduate = Special 0
TOTAL DIRECT EXPENSE - 8,19
INDIRECT COSTS
Student Services 0
Libraries . 438
Operations and Maintenance i 1.289
Utihties = Direct 3
Unlities = Indirect 195
Man-Unlities — Diregt 403
Mon-Utilities — Indirect ang
Auxihary Enterprises 4}
General Admimistration 617
General Expense 1,308
Space Allocation 599
Dhrect 223
indirect 376
TOTAL INDIRECT COSTS - 4751
TOTAL EXPENSES ) 13,370
VARIANCE %
EIGURE 1 — A typical Penn responsibility center budget matrix.

1
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2.31 Formulation of Guidelines

During the Summer and early Fall each year at Penn, guideline
principles and parameters are developed and tested, first on a total
university basis and then on an individual center basis.

Table 1 illustrates the sort of total Unijversity parametric studies
performed to test various tuition, compensation, and current expense
increases, This data is presented to the Budget Committee to assist in
the formulation of guideline recommendations to the President,

TABLE 1 — Projected FY 1977 Unrestricted Budget Performance

Tuition Increases Current Variance
Case  Undergraduate Graduate Compensation Expense (in 1000 $)

Base —

FY 1976 1.0 1.0 1.0 1.0 4492
1 1.04 1.05 1.10 1.08 -1656
2 1.04 1.05 1.10 1.10 -2823
3 1.04 1.05 1.12 1.08 -3026
4 1.04 1.08 1.12 1.10 -4193
5 1.04 1.10 1.10 1.06 -515
6 1.04 1.10 1.10 1.10 ~-1682
7 1.04 1.10 1.12 1.08 -1885
8 1.04 1.10 1.12 1.10 -3052
9 1.08 1.06 | 1.10 1.06 -768
10 1.08 1.05 1.10 1.10 -19356
1 1.08 1.05 1.12 1.06 -2138
12 1.08 1.05 1.12 1.10 -3305
13 1.08 1.10 1.10 1.068 373
14 1.08 1.10 1.10 1.10 ~794
15 1.08 1.10 1.12 1.06 -897
16 1.08 1.10 1.12 1.10 -2164

Based on these studies the Budget Committee recommends guideline
principles and parameters to the President which he in turn presents to
the Trustees. Initial guideline principles and parameters for FY 1977
budgets are as follows: , ...

1. The College of General Studies, Summer School, and Wharton
Evening School budgets are incorporated into other responsi-
bility centers, ’

Real space charges are held level at 5%.
An endowment income overhead fee is levied at 19.1%.
University tuition is 10% of earned tuition.

o
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5. Historical smoothing of undergraduate tuition and student aid is
applied to responsibility center income as it was in 1976,
Organizational issues related to responsibility center definition
will be cleaned up.
Partial repayment of general fund advances is required.
#artial repayment of hank loans is required.
Submission of amartization plans for overdrafted restricted
accounts is required.
10. The general fee will be better related to the cost of provided
S8FVICES,
11. Group life insurance will be provided to eligible employees as a
new benefit.
Initial guideling parameters for fiscal year 1977 assume the effects of
the economy and other uncontrollable factors.,

1. Current expenses and equipment are assumed to mcrﬁase by 6%

in responsibility centers and 10% in indirect cost centers.

2. Utilities costs are assumed to increase by 10%.

3. Enroliments are assumed constant at FY 1976 levels.

4, Endowment income is budgeted for yield only based on FY

1975 actual experience of $7.49 per Associated Investment
Fund share net of direct portfolio management costs and the
19.1% overhead fee,

5. Indirect cost recovery income is budgeted based on Office of
Research Administration projections using a 51% rate of which
9.1% is for roliforward, 2.2% for building use and 39.7% for the
respansibility centers.

Employee benefits rates are computed based on paying for

planned increases in benefits costs. New rates are: A-1 @ 15.5%,

AZ2®@21.1%, A3, 4@ 20.0%.

7. State appropriation is assumed to increase by 6% and the total
increase 15 reserved as contingency,

'.;-”‘"“‘

o

Based on the guildeline principles and parameters, the budget office
projects alternative controllable program reductions which are required
1o balance the income/expense budget. Figure 2 illustrates such
alternative projections.

Selected guidelines for the 1977 fiscal year are 6% average
compensation increase and 7% average tuition increase which requires a
3.3% controliable program reduction for balance.

2.32 Preparation of Outline Budgets
The senond phase of the Penn budget process involves two main
series of interactions between the central administration and the
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TUITION PLUS FEE INCREASE
PERCENTAGE

Q
0 1 70
Avarags ! IR } 02%
Compantatian 3 4 ddy 3 E9% 3 00% PARE" 122% 0.34%
Increase o | 0% | 525% | 436% | 347% | 258% | 170%

Parcantage ) ~ S B o e
6 6 18% 591% 5 04% 4 15% 326% 2.38%
a8 174% 7 29% 6 40% 5681% 462% 3 74%

program reductions.

schools. In the first round, the guideline policies and parameters are
tested at the individual responsibility center level, Based on the results
of the first round, guidelines are reformulated, subvention resources are
analyzed, subvention is reallocated and the second round (hopefully)
proceeds to balance. Examples of the material employed by the
responsibilities centers is presented in a later section of this chapter.

2.33 Preparation of Line Item Budgets

Once agreement is achieved at the outline budget level, the centers
prepare detailed line item account budgets. These detailed budgets are
then accumulated by the budget office and reconciled against the
approved outline budgets.

2.34 Operational Control to Budgets

information systems for budgeting at Penn support a variety of
activities designed to provide operational control of expenditures to
budgets. Performance Information is provided to responsibility centers
and to the administration. These reports include: monthly accounting
system reports by accourit by ledger; and income-expense reports by
school and by departments.

The comptroller and the budget office cenduct monthly perform-
ance reviews with business administrators and quarterly performance
reviews with deans and directors. Information systems also support

4
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additional iHogical budget analysis and expenditure control actions by
the comptraller and the budget otfice.

Further actions by deans and directors to control expenditures
include periadic income reviews and incame and expense adjustments
for balance.

2.4 Information Systems for Budgeting

At Penn, intarmation systems have been developed for budget
planning, budget development, budget approval, and budget control,
Since a detailed presentation of the Penn approach to support
information systems was published in 1975 by EDUCOM (see reference
p. 47), the reader is referred to that proceedings for a ful| deseription of
the approach,

Penn has made a significant investment in the responsibility center
management and accounting system described here. After several vears
of start up problems the system is in place and functioning well.

3.0 EQUILIBRIUM MODELS: REALISTIC STABILITY

Stanford University and the University of Pennsylvania have each
developed approaches to attaining and maintaining a balanced budget
and computer based infarmation systems to support those approaches.

Stanford’s approach is quite forrmal, based on detailed projection of
future economic behavior, and centrally imposed. A key notion of the
Stanford approach is that funded program improvement is closely
related to tuition and salaries. The Stanford approach is described in
detail in the references (1,2).

At Penn, the notion of equilibrium is centra! to all budget planning.
In the Penn planning and budgeting approach, the concept of realistic
stability has been developed and used to describe long term problems,
Typically, future planning is done in constant dollars while allowing
sufficient contingency to respond to local variations in inflation in
various income and expense items. Most planning is decentralized.

At Penn realistic stability is defined as the condition of budget
balance where the income is real and continuing and expenses have not
been artificially reduced by deferring needed salary increases and other
expenditures., Once realistic stability is achieved, it shoufd be possible
to retain tealistic budget balance in future years through modest
changes 1n controllable income and expense items. However, long term
constraints will need to be exercised to assure maintenance of stability.

3.1 Example Calculation
Refer to FY 1976 unrestricted outline budgets for responsibility and
administrative services centers in Figures 3 and 4 respectively. These
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UNIVERSITY UNRESTRICTED BUDGET FY 76

1 REVEMNUE

2 Tuition 56396

3 undergrad 30895

4 graduate and professignal 25501

5 Special Fues 1154
6 Scholarships 0

7 endowsd Q
8 gifes 0
9 U5 government 0
10 ather a
i1 GSAS 0
12 lnvesiment lncome 823
13 Gafrs and Grants 460
14 private 460
15  federal 0
16 other o}
17 Indirect Cost Recoveries 11276
18 Sales and Services 4000
19 Miscellaneous 1327
20 TOTAL DIRECT INCOME 715436
21 Special State Appropriation 5054
22 From General Uthversity 29383
23 TOTAL AVAILABLE 109873
24 DIRECT EXPENDITURES
25 Compensation 44891
26 administration 4613
27  academic 25552
28  clerical 5289
29  service 889
30 employee benefjts 8548
31 Currant Expense 7593
32 Equipment 173
33 Studznt Aid 11388
34 undergraduate B704
35  graduate and professional 2681
36 TOTAL DIRECT 64042
37 INDIRECT COSTS )
38 Student Services 212
39 Libranes 5038
40 Operations and Maintenance 12838
41 Aux. Enterprises 288
42 General Administration 6576
43 General Expense 8558
44 5Space Allocation 7829
45 TOTAL INDIRECT 41339
46 TOTAL EXPENSE 105381
47 VARIANCE 4492

FIGURE 3 - University unrestricted outline budget for
responsibility centers,

b
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UNIVERSITY UNRESTRICTED BUDGET FY 76

TR EEPENEE HET
' B 3 4 4 & 7 9
a1 Al A4 ER ufit UTHER

38 Srudent Seivoiks w7 1541 =41 140 4540 a 1077 12
X L branes s} TII 1667 154 BE1 0 12X 5038
A Cyper ana g aend Martengnus ] 704 344 3485 021 5736 1548 12838
41 Ays Entemprws 16110 230 €55 FHHG fak:] 1858 4510 B8
47 Genersl Adminitiatan 134 131 121 170 a7 o0 1114 6576
4] General Esmenwe 1B11 147 a8 13 528 ¢ 7021 BS&H
44 Spare Atlgtaton 78729
45 TOTAL INDIHECT 21337 HOD% 5406 BY89 4475 7595 114)7 41119

dewribe budgt 76
| UNDERGRADUATE TUITION 1430

7 GRADPROE TLITION o0
1A 1 WAGLS 15000
4 A 7EZALARY 21004
5 & 1PAY R e

FIGURE 4 — University unrestricted outline budget for administrative
service centers.

outlime budgets include all known positive cantingency funds for FY
1876 but FY 1976 salary and wage adjustments have not yet been
included,

The continuing income base for the university is calculated as
follows:

Shown Unrestricted Income 131,205 (109,873 +21,332)
Less Capital Gains Carryforward -1,125
Less Applied E.B. Rollforward -2,220
Less 1,000 in Medical School 1.C.B. - 1.000
F¥Y 1976 Stable Income 126,860
The stable expense base is calculated as follows:
Showh Unrestricted Expense 126,713 (105,381 +21,332)
Less Unrestricted E.B. Roilforward
Costs -1,932
Plus 10% COL Compensation Increase +6,857
Plus 10% Current Expense Increase +2,906
Plus 10% Libraries Current Expense | +120
Plus 200 in Veterinary School ‘
Salaries +200
Plus Deferred Maintenance __+500
135,364
& . F
- 57
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Based on the calculation of university cont:nuing income base and
stable expense base, realistic stability in FY 19768 would require a
reduction 1 fotsl unrestricted costs of 8,504 or 6.3% on an adjusted
expenss base of 135,364,

3.2 Personnel Expense Reduction Targets

To compute personnel expense reduction percentages that would
have been necessary to achieve realistic stability, itisassumed that the
total 8,604 in cost reduction is made in uniforrm personnel reductions.
Frcogrizing that the assurned 10% incregses raises the adjusted FY
1876 base compensation costs to 577,773, a reduction of 10.8% in
unfestricted personnel expenses would have been required 10 achieve
realisticstability in FY 1978,

4.0 TENURE PLANNING MODELS

Same of the most important planning decisions in higher education
relate to tenue commiiments. In current dotlars, a termwure decision
commits approximately §1 000,000 over 30+ years. Generally these
commitments are discipline specitic.

Long term glanning at Penn then has concentrated on tenure
plarining and it relation to durable resources. The approach described
here has been developed by Dr. Robert Zemsky, Directar of |nstitu-
tional Analysis, and [r.John N. Hobstetter, Associate Provost for
Acadernic Planning at the university.

Topics to be covered include: the concept of tenure planning; special
considerations; prudent staffing levels; 2 composite schoo! example;
pianned use of the analysis at Penn; and experience to date with the
model at Penn.

4.1 The Concept of Tenure Planning

Estimates can be made of school '’ durable income, DI, from
interpretative analysis of historical income data by category. The
present or current fraction of school | income spent in support of the
standing faculty, "PB/'", can also be determined. The product of these
gives a short term estimate of school durable incorme available to
support tenured facuity, If "S;"” is the average salary of tenured faculty
in schogl |, then the maximum prudent tenure level in schoal ; is:
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1.2 Special Considerations
in coanstant datlars to avond the problems and

o

-
m

Andlys :
mordless comphoation at (figtoon progenons, To e the dnalyia to
wotkable proporiians, the fistoncal analysis and projection period are
1 1fed,
seed, hehavior of edch responsibnhity center. Because

Balanced a1 five yeers, Propcten o based solaly on demons
rather thart premi
the projection 1 basaed an tve yeas previous performance, the [173¢ess
raquires and facihtates 2 five year subvention plan and commitrment.

At Penn the tenure projection analysis will be repeated yearly for a
raliing frve year plan, |2 has been, and s expected 10 be, useful as a ool
ta focus productive atiention on: tenure levels; balance of tenured
and jumor faculty. balance of faculty and other expenses; and
umversity prionty expressed 0 subvention relation of staffing to
T 250IUT Ces.

3.3 Prudent Staffing Levels

Using the tenure planning madel a five year projection of school
faculty by rank can be presented at two extremes. It is assumed in the
following example that durable resources not spent on tenure plus non
durable resources are invested n asastant professars. These extiemes

ane:
® 1o new promotions to terure

& committing all durable resources available for faculty to tenure

positions,

How much of the durable resources, which are projected to he
svalable. shouid be commitied to tenure in any school is a matter of
admimistrative pohcy and judgement. Because the tenure planning
model projects the two extremes of investment of durable resources, an
administrator can make a better judgement of the appropriate level of
mvesiment,

An example of the tenure plan for a composite of several Penn

schools s prosented in Figure 5,
4.4 Planned Use of Analysis

After venfication of historical data, the tenure planning model will
b used i a thies step process to develop budget estimates, First the
D,esient and Provost, through an interactive piocess, will determine
five year suhvention distributions with which they are comfortable.
Next, the individual schools will be presented with their tenure
planning analysis and be asked to submit five year plans indicating how

59
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Baseed o e caiculalion of university oool nwing 1ncome ass and

stable expwnw bDase, realistic

fecluctian oy total wini

BERY ERAELER! 0] 35;3&- .

3.2 Personnel Expense Reduction Targets

To compute personnel expense reduction percentages that would
heve been negessary 10 achieve reahistic stabiiity, it 15 assumed that the
totel 8,504 in cost reduction is made in umform personnel reductions.
25 { the adjusted FY
1976 tase compensatior: costs 1o 577,773, a reduction of 10.9% in
unrestricted personnel expenses wouid have been required 1o achieve
realisue statylity in £Y 1976,

thar ey

o
4

4.0 TENURE PLANNING MODELS

Same of the most important planning decisions in higher education
felate 1o tenure commitments. In current doilars, a tenure decision
comrmits apgroximately §1,000,000 over 30+ years, Generally these
comrmitments are disciphine specific,

Leng term planning at Penn then has concentrated on tenure
planring and its relation to durable resources, The approach described
here has been developed by Dr. Robert Zemsky, Director of Institu-
ticnal Analysis, and Dr. John N. Hobstetter, Associate Provost for
Academic Planning at the university,

Tapics o be covered include: the concept of tenure planning; special
considerations; prudent staffing levels; a composite school example;
planned use of the analysis at Penn; and ex perience to date with the
model at Penn,

4.1 The Concept of Tenure Planning

Estimates can be made of school /" durable income, DI, from
interpretative analysis of historical income data by category, The
present or current fraction of school | income spent in support of the
standing faculty, "P", can alsc be determined. The product of these
qives a short term estimate of school durable income available to
support tenured faculty, If “S;” is the average salary of tenured faculty
i school |, thery the maximum prudent tenure level in school ; is:
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1.2 Special Considerations

Analyss is done in constant dollars ta avad the problems and
penttless comphoaton of inflaron projections. To Lo the analysis 1o
wolkabile proportions, the histoneal analysis and projection peniod are
halanced  at five years. Projpection 15 based solely on demonstrated,
rather than promised, biehavior of each responsibility center. Because
the projection s hased on five years previous performance, the frrocess

requires and facihitates a five year subvention plan and commitment,

At Penn the tenure projection analysis will be repeated yearly for a
rolling five year plan, It has been, and is expected 1o be, useful as a tool
to focus productve attention on: tenure fevels: balance of tenured
and jumor faculty, balarce of faculty and other expenses; and
uriversity priority expressed in subvention relanon of staffing to
TE50UrCes,

4.3 Prudent Staffing Levels

Using the wnure planning model a five year projection of school
faculty by rank can be presented at two extremes. It is assumed in the
following example that durable resources not spent on tenure pius non
durable resources ane nvested in assistant nrofessors. These extrernes

dre:
® 1o new promaotions Lo tenure

® comimitting all durable resources available for faculty to tenure
positions,

How much of the durable resources, which are projecied to be
avarlable, should he committed to tenure in any school is a matter of
administrative policy and judgernent. Because the tenure planning
model projects the two extremes of investment of durable resources, an
administrator can make a better judgement of the appropriate level of
investment.

An example of the tenure plan for a composite of several Penn
schools s presented in Figure 5.

4.4 Planned Use of Analysis

After veriication of historical data, the tenure planning model will
be used 1t a three step process to develop budget estimates. First the
President and Provost, through an interactive process, will determine
five year subvention distributions with which they are comfortable.
Next, the individual schools will be presented with their tenure
planning analysis and be asked to submit five year plans indicating how

e |
w
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TORETIAE 8Y 1980 ‘8

HNET COMTIMNUING TENUHED 4%
AN MM EUNTIAELE TENUBE 457

TENWIHE PACIFILE N 1980 IF

M) NEW APBOINTMENTS IZNEW APPOINTMERTS T
TO TENURE TENURE
NUMBESR NET * NUMHER NET %

[ CHANGE CHANGE CATEGORY (1875)

41 15 FULL PROFESSOR 1788
59 -1
- — & - .__<:E;__—
531 a0 1

0 D budes B asstant ot pusDons lurded a0 oan duf sble ingome

FIGURE 5 — Composite school tenure profile for 1980.

they intend to invest the potentially available tenure positions. Based

n these submitted schoal plans, model results, and other analysis, the
resident and Provost may then aguthorize tenure pousitions and/or may
eallocate five year subventions to develop attractive opportunities. In
no event will model indications of available positions become license to
fill those positions without the most searching academic priorities
analysis.

For the future, the basic process will be repeated annually. Each
summer the historical data base will be updated with the most recent
year information, and the oldest information will be discarded. Next,
the President and Provost will update their five year subvention plan,
possibly reallocating resources in view of more recent information.
Finally, the schools will be asked to respond with changes in their
staffing plans.

e

—

4.5 Expericnce to Data

Individual school results were not made available to the schools until
late Spring 1976. However, at the time this chapter was prepared,
several interesting and valuable results had already been achieved. First,
there has been a general recognition that tenure positions must be
linked to durable resources. Deans are convinced on a university basis,

there is an emerging recognition that tenure is not a right of the best
junior faculty, but rather a resource to be employed sparingly to atiract

Gu
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the best available scholar — hapefully from within the institution, but
not necessarily. The central administration has recognized that the five
yvear subventions mean nothing unless the subvention resources are
managed to be constant or increasing and overhead costs are constant
or decreasing 1n constant dollars. The schools have recognized that they
can influence tenure availability through income generatiors and
lifestyle. Finally, administrators in the schools have reluctantly
accepted the assumiption that tenure planning should be on the basis of
assured durable resources and not expected resources such as pledges,
hoped for grants, and possible future interschool reallocation,

5.0 LONG TERM BUDGET PLANNING AT PENN

At the University of Pennsylvania tenure planning is the principle
focus of tong term planning, but the following issues deserve attention

in their own right:
1. Maintenance of General University Income
2, Compensation Planning
Tuition and Other Student Costs Pianning
Total Return on Investments
Effect of Federal Policies on Support of:
a) Heaith Related Instruction
b} Research (by discipline}
6. Costs of Overhead Services
a) Uncontrollables (energy, interest, insurance)
b) Regular Services
¢) Coupling to Federal Overhead Policy
7. Overhead on Restricted Activities
a} Research
b} Endowment
¢} Other
Funding Development Costs
9, Managing Development Campaign Proceeds
10. Sizing Overhead Services
Long term budget planning at the university will take all of these issues
into account.

&
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CHAPTER 7

by A.]. ROSE

Use of APL in Administrative Systems

APL . since it first becarme available as & computer programming
Janguage in 1966, has been the center of many heated arguments. Its
detractors who favor the classical computer language such as COBOL
and Fortran have said that APL is too unstructured and too cryptic
{some have ever saich that it is oo powerful) to be commercially viable.

its advocates praise APL for the same reasons. Because it is compact,
one level of structuie is subsumed by the power of its primitive
operations. Because it 1s symuyolic, it is independent of any natural
languages and, moreover, lends itelt to formal algebraic manipulation
{and, hence, optimization),

in the 1960's, APL could be discounted as not commercially viable
because it did not handle either files or commercial formatting. But in
the interest of survival, commercial time sharing companies developed
file systems and formatting routines for AP%, and the acceptance of
APL in the business community is now well established. Ae repeatediy
hear and see cases where using APL significantly reduced :ne amount of
time required to implement a computer application — reduced times of
a factor of 4 to 10 are not uncammon.

Moreover, there is empirical evidence that APL is gaining in the
academic community: :

& Syracuse, UCLA, and Wharton all wuse APL in their business
curricutum,

® |t is estimated that over 400 colleges in the U.S. provide some
sort of access to APL.

There are around ten textbooks on APL available, and one of the
mare popular ones regularly sells over 25,000 copies per year.

7.0y
(U]
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APL is used tor a vaniety of administiative functions at Orange Coast
Community College, Syracuse, SUNY (Harpur), Universiy of Texas
{Dalias), Cornell Medical, Quebec, UCLA, among others, Many of the
oped by a
faculty member or department admnisiratar with a need and interest,
rather than by the central data processing or MIS statf, Thar has also
bgeﬂthelyp@alhGlQTYlﬂthgtﬁnﬁﬂeuﬂalwmﬂd.

The warkshop was used to teach APL, rather than 1o tatk aboutit.
The outline used was the Table of Contents of "APL, An Interactive
Approach” by Giiman and Rose {(Wiley, 1974), with particular
emphasis on Chapters 21 (Formatting) and 20 and 30 (Eiles)

A feeling for APL's compactness and power can be gotten from the

appilicatrons harl grass roots buginmngs on that thay were dey

following sample terminal session:

1.0 DESK CALCULATOR OPERATIONS

82 User input indented

82 Response net indented
245 Add szcalar to scalar
7
4 =0 Subtraect
T2
678=13,4 Multiply
15865.2
547 Divide

U.7142B571u3

YOIGITE 1% Change display to 16 places
WAL 10
547
0-71428571428571463 Internal precision is 16+
YDIGITS 10

WAL 16

2.0 OPERATIONS EXTEND TO VECTORS

2472 4 7 3 72 Scalar to vector
& 9 5oy
2% 71 242 Vector to scalar

3 4 "¥& 7 8 Vector to vector
711 13

61
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.
or product over ¥
Ty Haximum 1in ¥
L ¥ Minimum oin ¥
(t/71-17¢ Range in ¥
P Plus=-scan Oparator,

247
ity

147 brop first elerment
i 2

T14y brop last elenent
7 3

1é Inde¥ generator

5 K

OPERATIONS EXTEND TO ARRAYS

A+'ABCDEFGHIJXL®

0A Shape of 4
3 upd Reshape into 3 rows, 4 columng
Bv71 1pi6

il

3

[

C+4 7 7 1 5 B

C=2 1pfC

c

.
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"3

"1
¥+719 16

Fyi=gy

Xz

cf ratrix &

Matrix produst

rlements of arrays may be selectad
an:d changed

s 7tz 111 )
Simultaneous linear equations:

T solved Ly dividing vector of
srants by matrix of coefficlents

Cherk = nultiply # by answers
to get V.
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4.0 LXAMPLE:

Of
APL: PLUS S

TUSLPUL FUNCHIONS IN THE
TEM

S
SSYsTEA

.1 Sort Numbers
Gort in ascendling order.

¥=18 7 26 71 % 1t .
rax
« 7105 7 10 1B 26

Sort in descending order.

xivxl
19 7

i 18

4 2 Hypotenuse of a Right Triangle

GHYP[I1¥

v C+A4 HYF

[1] *(ﬂA'é)*ﬂt¢)tQ 5
g

3 HYF &

31 5 HYP 4 1 12
5 1.41u213562 13

4.3 Potynomial Evaluation

Consider polynomials Ye3x4-9x3+4x+13

Its coefficients are: 3 =9 0 4 13
vroLyllv

.V R+C POLY X

[1]  A+(({(pX).1)pX)iC

v
C+3 "9 0 4% 13
¢ ALY 1
i
¢ roLy 1z
21453 ]
gf -
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110 1
2 3 4
& POLY X
i1 21053 11
E} 25 2¥1

3.4 Sort Characters

Any collating sequence may be ussd,

i
7 peCOLL

1] FeM{4{1+pCOLLYLRCOLLAY: ]

HANT FU3
NEN PO
PHILADELPI
BOSTON
PFITTSFURGH
DALLAZ

LoS ANGLRLL:S
PALD ALTN

ZAN FRARCIZCOD

ALF«"ABCDEFGHIJELMNOFPQRAETUVHX YL

TIES+ALF S0RT CITIES
JITITES
HOSTON
DALLAS
HARTFORD

LOS5 ANGELES
NEW YORK

PALD ALTO
PHILADELEHIA
PITTSBURGH
SAN FRANCIECO
HASHINGTON

O
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4.5 Table Lookup

Given a table of character data
{(CITI£5y and a table of possible new
entries (NEWCITIES), see if the nev
entries are already in the table and,
if so0, whare,

I TLULLY
U Rel TLU K
[1] Fe{vi4+pT)+.=xTn, =8%
v

HEWCITIES
CHICAGO
BRO5TUN
HAUST ON
WASHINGTON

CITIES TLU NEWCITIES
01010
Try it the other way around.

NEWCITIES TLU CITIES
20000000 4

=]

4.6 Using Large Files

oAz 1 FHLES

Xa ¥ip
: IFE i
Jaln

w Fils | nasgd SwFLIFILE
Rire ot on FLI6 I vith Shirscisr dati
t 1o00 intEgers bicoes = HE-3 0 291

“ABCHFCAIY HMFPIIG | hafasteT daga InEo So E §

i%3% JTaeiiail FIFEFIE i ¥ &F fAndes dacd (AT roEyEnent

FREAB 1§ Raid flls 1 component 1
A= PIA BiTA

TeefpldE ) 3 Thie lamt Flyr migesnte of 1l | sowponent 1
A%y w37 WD @ 1302

P FFHI 1 2 Flis opEftigas can be umid within lirge=r EEpfeSELERE
FES TR

1112 JtO W] Brad anddl check mige of Swetenid ol cuoepshant 4
% 37

TFEE4D 1 e1f 76,8 1 13] Lomk Bt thims F lewrnti
= Egsd TRF¥s V3dls

113540 FEFFLACE 1 1 ssplace comspant 1 with 12 rindee Lategars

PEEAE 1 1
T 18 38 33 1R

FiIm i What SrTw the limige af File 11
F O Firut compoment {5 01, Asit o go in F1i B 0%

FREOF 1 1 Binp tha FLyst ten cwqenents 5F f116 1

[N
1 Firwt comemngnt |g fiw #]

g 1 Orop the lEne STRpTREAT

Y oa #gat to g8 ip wil] Be 04

GY
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A
=
bl
=
[0

4.7 Report Formatting (AFM7)

BAFY T
RS AN B U TR ”» 0
wit o s as
[T R . '
& . &RQ TR B SRe dkap D& FIELD wlTh B i oL, Lt TS0 ald o2
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CHAPTER 8

by ROB GERRITSEN and MICHAEL D. ZISMAN

Database Management Systems

1.0 INTRODUCTION

The term *'database manggement” or ''database management
system” conveys differcat meanings to ditferent pecple. in the author’s
view, a genmeral purpns: detabase management system (DBMS) should
provide a large subset of 'he following functions:

File and da:. siructuse daliabion

Viegy cefintions (subwchemas)

@ Darabase wieation {loading)

® [utabase maintenance (update)

& Databas: query {retrieval and summarizing)

® Report generation (farmatting breaking summarizing)

Procedural interface {to COBOL, FORTRAN, PL/1,etc.}
® Security and privacy (passwords, encoding, audit)
® Database sharing

Figure 1 illustrates 3 general architecturz of such a database
managerment system.

After discussing the importarice of structure to database manage-
ment, this chapter considers the value of file managerent systems for
simplified updating, retrieval, and report generation. The chapter
concludes with a discussion of catabase design pringiples illustrated

with an example.
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File andt
data
descriptions

—

Frie Dictionary

description e et
PEOCESEOT

Query
Processor

Generator

LUser
Pragram

Liser
Prograr

Update Data
Processar Basw

. — Manager
Report g

FIGURE 1 — General architecture of a database management system.

20 DATASTRUCTURE

The structure of data is very important in data base management,
One of the basic functions of any database management program isto
maintain the integrity of the data structure in the database, and to
utilize the data structure in retrieval. To accomnplish these objectives, a
database management system must describe the structure of files and
data to the database management pregram. The schema is such a

deseripticn.

In any schema there are several levels of structure, each of which can

be described in terms af the next lower level. Levels of st
typical database management system range from the high»

=3

to the lowest, the bit. Figure 2 illustrates such a hierarchy.

rre
2

ture of a
. -, Jatabase,
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DATABASE®
FILE
RECORD”
SEGMENT
GROUP ITEM
ITEM, FIELD, ATTRIBUTE"
CHARACTER, BYTE
BIT

*ladicates the mast uselul lavels of descriggtion,

FIGURE 2 — Schema of a typical database management system.

It is possible to describe the structure of an EMPLOYEE record as
the composition of two segment types, a root segment and a dependent
segment, with the stipulation that a record must always contain exactly
This schema describes a typical variable length record structure,

Each segment of the variable length record structure can be
described in terms of its component items. For example, the root
segmynt of the EMPLOYEE record might contain EMPNO,
EMPNAME, SEX, DEPCOQIINT; the dependent segment might contain
DEPNAME and RELATICNSHIP. Fyure 3 illustrates a record which
contains one root and two dependent segments. This schema is called
an intra-record structure,

EMPNOD | EMPN AME| SEX | DEPCOUNT [[DEPNAME | RELAT |IDEFANME | RELAT

145 Srith M 2 " Sue wifs Joe san

FIGURE 3 — Intra-record structure: a variable length record with one
root and two dependent segments,

Rather than using variable length records, it is possible to store the
same information by using two records, an EMPLOYEE record and a
DEPENDENT record. Figure 4 illustrates this approach.

The use of inter-record structure rather than intra-record structure

requires pointers {in this case to point from an employee to each of his

F:j
it
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empno | [EMPNAME] [SEX] [DEPCOUNT]
145 Smith. M - 2

DEPNAME DEPNAME| [RELAT
Sue Joe son
FIGURE 4 — Inter-record structure: a fixed length record with

inter-record pointers to dependent records.

or her dependents), It is the database management system’s responsi-
bility to maintain these pointers for the user. Pointers can be used in
two primary ways: as a pointer array; or as a chain, In the pointer
array, illustrated in Figure 4 one pointer is used for each dependent
associated with an employee. If the pointers in this case were used the
first would point from the employee to his or her first dependent. The
second points ta the next dependent, and so on,

If DBMS supports an inter-record structure, it is typically called a
hierarchical or network DBMS. The principal distinction of a network
DBMS 15 that it permits a record to participate in mare than one
higrarchy. This is useful because it permits the daiabase to capture the
complex interrelationships between data that correspond to the
interrelationships that occur between the entities that the data describe.
Database users are saying the same thing when they say that a network
DBMS permits minimum data redundancy.

For example, add PROJECT records to the example database
containing EMPLOYEE and DEPENDENT records. Just as any
employee can have any number of dependents, he or she can be
working on any number of projects. However, a project differs from a
dependent in that any number of employees can be warking on a
project; whereas 3 dependent can be dependent on only one employee
(assuming that the company has a strict nepotism policy). In general,
relationships such as the one between EMPLOYEE and DEPENDENT
are called one-to-many, and relationships such as between EMPLOYEE
and PROJECT are called many-to-many. The term “functional
dependency” is frequently used by some in place of our term
“relationship”. L e

Continuing with this example, note that there exists useful informa-
tion about the work of a particular employee on a given project, such as

0
Y
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total budgeted tirne, time spent on the project to date by the employee,
the employee’s schedule on the project, ete. Call a record containing
such nformation the TIME record. To describe a one-lo-many
relationship between EMPLOYEE and TIME and also a one-to-many
relationship between PROJECT and TIME, a diagram like the one v
Figure 5 is useful,

EMPLOYEE PROJECT
*‘x;%"’ﬂ;, -

TIME

FIGURE 5 — A schema to illustrate two ane-to-many relationships,

This structure not only captures the two one-to-many relationships
{(EMPLOYEE-TIME and PROJECT-TIME), but it also captures the
many-to-many relationship between EMPLOYEE and PROJECT!
Namely, from the EMPLOYEE’s viewpoint it is possible to associate a
unigue PROJECT with each of the many associated TIME records;
similarly, a unique EMPLOYEE can be associated with each TIME
record associated with a PROJECT.

A structure such as this, using two hierarchies to represent a
many-to-many relationship, is called a confluency. Many peaple,
when first introduced to this structure, suspect that the base record
of the confluency (TIME in our example) is a dummy record,
present only to enable the relationship to be captured, In the
authors’ experience, this is not the case. In the example, the TIME
record definitely has its own purpose, and the same can be said for
a GRADE record in 2 STUDENT-COURSE confluency, or a PRICE
record in a SUPPLIER-PART confluency, We teave discovery of the
contents of the base record in a DOCTOR-PATIENT confluency to
the reader.

(g

-3



O

ERIC

Aruitoxt provided by Eic:

76 DATABASE MANAGEMENT S5YSTEMS

3.0 IMPROVEMENTS AT THE USER’S INTERFACE

In arder to use a DBMS effectively, users need some mechanism for
communicating to the DBMS and for receiving responses from it. This
can be accomplished with a high level host computer language, such as
COBOL of PL/1, or via a file management systern such as MARK IV or
GIS. While a file management system (FMS) can be used on a
stand-alone basis (with no underlying DBMS)} as a very effective
applications development tool, many commercial file management
systems can be used in conjuriction with a DBMS. in this mode, the file
management system acts as a translator and “‘buffer’’ between the user
and the DBMS. Figure 6 illustrates this relationship.

Q) ! ’
_FMms ; _DBMS
LOGICAL PHYSICAL

FIGURE & — A file managament system functions as a buffer
between user and DBMS,

<A file management system allows the user to deal with a logical view
of the data without concern for how or where the data is actually
stared or with the detailed cammand structure of the DBMS. The
MAMS, on the other hand, is caricerned with the physical storage and
subsequent retrieval of data, Using a file management system, a user can
create and maintain a database that is stored under the DBMS as well as
generat® reports from the database. Additionally, the file management
system has extensive data editing facilities to assure the integrity of the
data entered into the database.

As implied above, maost file rnanagement systems include report
generators that assist the user in processing the database and generating
reports. Such report generators have the capability to select data from
the database, sort the selzcted data and print reports that can include
summaries and contral breaks.

Many of the commercially available report generators are designed to
produce tabular output but some do have the capability for the user to
specify "free-form’ reports. By using a report generator of this nature,
non-data-processing personnel can interact directly with the database to
prepare ad hoc reports, While this capability can dramatically improve

74
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the productivity of both the DP and non-DP personnel, security
considerations must be weighed heavily in such an environment.

Although not commaon teday, a file management system, coupled
with a DBMS, can completoly replace hgh level computer languages for
applications developinent. |t 15 reasonable to expect this tiend to
continue into the furure,

4.0 DATABASE DESIGN

In desigming a database structure, the designer models the organiza-
tion which the database serves. To do this the designer must determine
which data is to be stored in the database, and what relationships, or
functional dependencies, exist between the data elements. The func-
tional dependencies should be classified as one-to-one, one-to-many,
many-to-many or recursive hierarchies. Once this process is complete, a
data structure diagram can be constructed which accurately reflects the
user's view of the data. Finally the designer may wish to add or remove
data elemer:+. and functiorial dependencies to increase the efficiency in
processing the database,

As an example, consider a student . =coiils database and concentrate
on the course records portion of that Jatabase, as opposed to student
persomal information. In a gross sense, data in this database will consist
of data about students, data about courses, and data about faculty
members teaching these courses, More specifically, data will include:

Student identifying information — a record for each student.

A record for each course offered.

#& A record for each department offering ourses.

s A reco'rj for each college that has departments offering courses.

=

® A record for each ciassroorn where courses are taught,

A record for each faculty member teaching courses,
@ {Data about the courses that each student is taking.

® [Data about the courses each faculty member is teaching.

# Daia about course pre-requisites.
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From this, the designer can deduce the following functional
dependencies:

® stuclent course, tdny L=y

course-faculty ; many -to-many

faculty-student (advising); one-to-many
& faculty-student (supervising); one-to-many

® course-course (presqequisite); recursive hisrarchy

dept.-facuity (appointment); many-ta-rmany
o college dept,; one-to-many
® Jupl cotnse; ane-to-many
& o0 -Course; gne-ti- LNy

Buiding en the set of functional dependencies, the designer can
construct a data structure diagram. One possible schema is illustrated in
Figure 7. Note that the authors have already “designed in" constraints.
For exarmple, 3 course can be offered by only one department in this
modet.

While the data structure illustrated in Figure 7 includes all of the
data relationships mentioned above, it may prave inefficient for some
processing modes, For example, 10 produce reports showing faculty and
students in their courses, the present data structure requires ithat one
“‘nayigate” through the course records. As an alternative, the designer
could add a new relationship that directly links the student and fagulty
records as shown in Figure 8. This data structure will allow users to
oroduce a faculty-student report much more quickly because they can
navigate directly from faculty records to student records.

Many such trade-offs need to be considered and refinements must be
made to this example data structure before it could be considered
cumplete. One major trade-off that must always be considered is the
cost of retrieval versus the cost of updaté. As functional dependencies
are added to decrease the retrieval time, almost always the time
required to update these records will increase since there will be more
relationships to maintain, The only way to make these trade-off
decisions is to estimate the expected volumes of retrievals and updates
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COLLEGE

s e GUPE RVIGES e s e e

DEPARTMENT

APPT

L

STUDENT COURSE

,,!,,————
el

-
-

STUDENT
DATA
PRE REQ

FACULTY
DATA

STUCOR

CORFAC

FIGURE 7 — Data structure for a student-course database.
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FIGURE 8 — Alterna

andd then defermine whetner or not the additional refationships would
b cont effertive
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CHAPTER 9

by DUANT | WEBSTLR and JEFTRLY |, GARDNER

Strategies for Academic
Library Management

1.0 A SYSTEMS VIEW OF LARGE LIBRARIES

The nature of large, academic and rescarch libraries is currently
undergomng fundamental ch.ange. Ag economic pressures facing all of
higher education continue, the historical nature of these libraries as
collectors and holders of the world’s intellectual output may ro longer
be viable at individual campuses, In any case, it has become apparent
during the decade of the seventies that the fundamental mission of
these institutions will undergo substantive review in future years,

One model for conceptualizing these challenges 1o academic
libraries, presented in Figure 1, treats the nature of large libraries in
terms of the input (i.e. resources) required to operate them, the
managerial processes utilized in their operation, and the expected
outputs from those processes. In the past, particularly during the
post-war period from the early 1950°s through the late 1960's, the
allocation of resources in academic libraries took place in an environ-
ment of expansion. New, impressive facilities were constructed,
research collections grew in various locations and the additional staff
required to service these facilities and collections were hired, However,
as higher education moved from a period of growth toward a period of
stabilization or dectine, the nature of this process began to change.
Library management decisions were no longer “where to expand”’, but
rather, “where to cut”,

Similarly change has taken place in library management processes
because tasks related to maintaining rapidly growing collections are
guite different from those of managing decline. Library arganizational
structures which emphasized a split between building collections and
providing traditional reference and circulation SErVices 10 Users are now
being rethought. While that basic structure continues 1o predominate,
new structures which emphasize libraries’ service objectives are being
tried. Administrators of large libraries are discovering that they require

—- 81 —
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hasedd b ographic searching, Other apphcations using mucroform and

commnuy:  hon technologes provide similar chatles
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The changes m hbrary management oited above etf-or ond are

e by some perceptible shifts in emphasis 0 bibrary outputs,
Buslching  and  maintaining  zomprehensive and distoigt ve reseaich
5o no longer a voble alternative for most Tage acallemic

s of lbrary materials have osen faste, than bbrary
Figure 2.) At the same ume, the degres and diversity of

user peeds and demands have ingreased. in this context,

individing hbrarnes and the national bibrary community ale warking
ey and

toward the development and uunlization of nes teg
mechamisms for the delivery of information services to thewr users, in
some cases, changes wiil be local; in others they will be cooperative
and/or collective. New developments in communication netwciks for
interbloary loan and movoroant towsrd national and regional lending

hibraries iflustrate this process,

2.0 PRESSURLE FOR CHANGE

Within the context of the preceding discus<ion, consider the
pressure, parbeularly erwvironmentat forees, working for change within
acadernc libraries, Major pressures include the following:

® Changes i1 higher education, These include: changing goals of
colteges and unwversitivs which reflect their adaptation 1o the
changing needs of saciety: declining erirollments gt many colleges
and univarsities reflecting both demographic factors and a degree
of disillusionment with higher edueation; declining public support
ot higher education which apparently reflects an attitude that
hgher education s not a prierity pational eancern; changing
nature of student bodies, more directly career-oriented and
concerned with jobs than previously: and, finally tho growing

sducation;

economic problems facing ali of highes

i~
-
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& Changes i the infarmation conunnnity, Inorecent years hibrarg
have seen  the costs of hbrary  materals, both books ang

wenekdicals,  mnerease teeyondd o oen budgets. Indeed, in man
’ 7 2 '

dinldhices fGaaly  Sudgels Rave Jewdy aiid @ majonty ef
Libsearies ther bus oag power has decreased in spete ol modest
budget ingregses. Combyraed with these tactors is the continued
growth af the publishing industry’s output and the introducticn
of new but eastly forms of publishing, such as machine-readable

Dilhayraphic data

® Chanying demands of ibrary  wsers. During this period  of
retronchment, users of scademic hbraries have not diminished
their needs or demands. While timely access to materials remains
d onmary  ooncern, incressed specialization and the current
emphiass oo cwicpendent study and research programs increases
the difticy 2 Lulfilling even this basic function. Demands for
weereased hoars, more duplicate copies of course-related material
and more conepitiently-located departmental libraries are not
unusval, The need for the revitalization of the library as an
instrustional institution has produced additional demands on

dlreso s syerextended public service staffs.

Recognize that two szts of forces are seemingly in confiict. On the
one hand there are forces which are werking fur libraries’ emphasis of
neve 12les by developing a comimitment to risw or enhanced services. At
the samme time, acads:nie libraries are faced with declining *inancial and
organizstional suppoit, In this situation scademic libraries have tour
general options: to ignore e external world and do nothing; to
withdraw from those pressures which are most discomforting; to adapt
to chanyes as they occur; of, to develop a stance of influencing the
envitonment while adapting to irreversible changes. While situation.
gare it weoms clear that the first two options are simpt . ot viable, The
thurel, wooile viable, 5 weak., The fourth option provides the best
uppor ity for rational, constructive change.

iy,

3.0 PLANNING ASSUMPTIONS

In fight of pressures for change in academic librarigs, a series of
planning assumptisns are useful to determir > sew directions for
acadermic libraries, Some assumpuons develuped <unng the EDUCOM
Spring 1976 Conference are-

& The cconomic situation is probably not geoing t. improve very
00N,
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G40 A WORKSHOP CASE sTUDY

Gomase study eaorces o whch workshop o icipants can advise "he

e atittinn o bl helpful 1o focas o planning efao, THe case

dely ot eates by quies 3 s composite of soveral actual
tudbons Tere e oG answers which are speaihically defined as
Cearneo ) b b s 1o mtended 1o focus diseussion o wame
i e fong o aanes i the mud 1970% Thi exercise has three

of tactical plans: and review of

t

At pegievy of slratoqic ophions, choi
phare tationde. Ly the Tast o step, groups af tour ar fivie participanis
oo T shpes stegtepe catins on Worksheet 1 (Figueoe 41 hst the
achvantages and disadvantages of cach and 2ach a consensus on which
Gption e hikely 1o be the most fectve, inostep two, patticipants
veview oot teen tactical steps. esented in Worksheet 1 (Fgure B),
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A large, prvate oo ceraity s faeed with senous budgeting
problems. The preced s g oyoar’s detiot waes fifteen percent and the
university’s admmst on hes denufied balancing the budget as a
primary objective §. the soming year. The student body of 11,000

IEECISI A andl abzout hall of thein g

Ceeaduate sludents

Sy .

in Ph D, program . cepresenting 40 fields of study.

The umivers . 5 hbrary 15 o major resears b exterve
in . gppoart of the institution’s : ad research
: 2,000,000 volumes, added 1. - yolumes in the
mamtains 33,000 serial subscriptions, has a staff of

90 pro! librarians and 210 non ;rofessionals. Last year its
total ex; qure - were 34.5 million; $2.5 million of which v ot for
salaries S omuthion Tor books and serials.

The hbrary director has just recewved notice that the library faces
a budget cut of 16 percent ($675,000) for tha coming year. The
library must develop, first, a broad strategy for dealing with this
situation. The attached! worksheet presents some strategic options;
consider thase v termn of their advantages and disadvantages.

“iGURE % - Exercise on operating in a period of
fitiancial decline@.

g1 1976 by the Association of Aesearch Librarias, Office of
vniversity Litifary Management Studives

— - = i s+ £ S

which might be considered for implementing a strat gy of inaking
sefected budget cuts within a major academic hbrary. Again, groups of
4 or § participants must reach coneensus on whethe: each tactical
action is preferrad, possible, or unacceptable. Finally, in step three
piticipents use Worksheet (10 (Figure 8) o Do the criteria, of
nel in step 2.

rationales. wh:ch were implicit 0 the decisions feca

Flipsepnes hy Assoeation ot Hesearch Lararies, Office © iy Loabrary

Manager 2ot Ltudes
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FOR ACADENL BY

OFERATING IN APERIOD OF FINANCIAL DECLINE:
WORKSHEET

ssuriosg that the 1870 budget cut s ireverahle and that the hrary
has chasen option 3, 10 make selected budget cuts, indicate which of
the following actions would be preferred, which might be useful, snd
which would be unaceeptable.

Actions F‘reﬁferrg{j Possible Unaccentable

1 Inform statf and horary ad-
ministration of impending
cuts and secure information
on the impact of the pos-
sifsle cuts on omndividual
library deportments,

20 As s o, develop hudiget
cut imptementation plan
confiddentiaiiy, so as not 1o
upset statt,

3. Go to hibrary departmenrs
heads and reguest infarma
tion on. where cuts can be
made; impact of posaible
cuts on internal operations
and library services; how
much can be saved by
specrfiz cuts and how
specific cuts might be im-
plemer e,

4. Establisk representative

9

yessional statf committes
{0 prepare 4 Tepart fagamn:
ﬂ"li,‘l\(!”\(j \Nhf_HtE GLils ©an {i

e,

FIGURE 5 — Case Study Worksheat I
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5.0 SUMMARY OF CASE sTUDY DISCUSSIT
e ol Workshest 1oat the FDJCDM Sprny 1976
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sl Semieite Waih deteromned b beoanbikely to
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suceeed, Dimeconsuinng, and peeaily desteictive fo by relatioms
with wmwersly adrnmsteators, I alidinoes P the ety uneyersity
shaiedd 7o Bimancidl origed, fdrie e gl the bbrary had g

Howesor, There was consderabls

LV v bty o

BRLSTTRNS IR

yral - as i QF eyen Prgriary

et ool wdd umpoftant to o nake chiat IO N0 LTnVeErsih

s owhat the smpact of this b o reducuon would be

orgturs budget reductions waild vt the Iibirary's
andd collae o programs,
White tne aption of applying a bifteen percent, across the boo o ut

affensd the advantages of being easy, quick, and superticially eqe wib-

e ophon was dismissad by the workshop participants as
tuadamentally orational, A g process, it would ovetlack the opp..
turity for 4 construclive review of ihe hbrary programs and activities
aned woold gvard the suye of fhrary outputs: what thay are, what they
cost. and what they are worth, Finally, the process would make no
distinction between friis and essential services, cutting buth equally.

Thi third option, making selective budget cuts according to some
speaified criteng, was selected by the workshop participants as the most
pffprtive. |1 would provide for a systematic review of library programs
and allow for a redefiniion of what the library can realiztically hope to
do well enough to be worth doing. The process couid lead to the tough
decisions that must be made ew:mually and that can be made with the
least impact un programs wentified as essential.

The discussion related 1o Worksheet 11 dlustr sted the difficalty and
complexity of the budget reduction process. There was general
a substanual

agreement that the hbrary adminstration would requir
amount of infarmaton from library statf, university ade mistrators and
Bibrary users regarding which library (31ograms wsre - ential, which
were relanvely ummportant, which might be re g with minimat
impact and winch program reductions would cont e sienificantly

SOt savings.

However i the discussion of where cuts could = , the
ditficuity of the prooes became apparent. Everythin: thgo hibraries do
15 . portant to sameons 1o library staff because 1t can ean their jobs;
tn taculty hecause they want their spacific areas ot research well
supported by the collecvon; o students because they need hbvary
matenals and serviors to achieve good grades, Because the academic

Llly o made
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CHAPTER 10

BT RANKLAND

Economic Analysis of Information Systems

1.0 INTRODUCTION

The tume of veonommic analyss of (atormanon syt
st antardependent ropics, A useful

ems s sufficiently
brogit 10 cover a sumber of disting
way to clasuity these st the preblem of estimation; the wvestment

decision problem, the groblens of meaasunng achieverment, the cost
dlocation preblem,; and the project contro! grogram.

The problem of estimation covers forecasting the costs and benefits
of a propused systern over 115 expecled hooume

The investment decision problern ococurs when one altemipis 10
compare the return on the proposed system with the roturn from using
the resources needed for sorne other project. In general the method
chosen by an organization for making investment decisions should also
be apphed to mformation systems projects. Thus, if an organization
uses a discounted cash tiow method for ailucating resources, it shouid
use 1t for making decisions on comput2r projects as well, At the same
nme the organization should be clear that cash flow projections
sals involve much more uncertainty

stempying fram some kinds of pro
v ar those stemmyng from more convenuonal proje-ts,

The probie of measuring achievement is faced when ane atternpts
{0 momtar the systern in operation, and campate s umated costs and
benefits with actual costs incurred and benefits receved.
, for each expected oulcurm:y

Measuring achievernunt reawires that
the systern, there is an appropriate performance maasure, ifa . ystemos
designed to improve the accuracy of ceitain information, then a
megsaie ol geeut acy must he dv fined, This mught be expressed iy ane or
more of many ways, Howover, as o general rule, the <ystem should be
designed to be self-momtorning and to output 1ts own performance
statish

Fuen o perfarmanes statisties are avaitable, there remains the
tarmudable prablem of ., aiing changiss n performanes to changes in
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As a general rule the planning horizon should notbe larger than the
farecasting horizon. 1f the planned changes have a planning horizon
which aoes beyond the forecasting horizon, it may be necessary to:

® Mske available more resources 5o as tg implement the new system
sooner, However, this may increzse the cost of implementation
too mych,

® Fartition the system into smaller modules, and implement one
module at a time. However, this may make the payoff from the
systern smaller.

® Reduyce the level of ambition by planning smaller, simpler
changes. This again may reduce the payoff from the new systern,

3.0 MEASURING BENEFIT

The purpose of making changss in an information system is to
provide benefits for the organization. To assess the potential benefits of
changes, it is necessary to establish specific targets or goals to which the

thanges are oriented. Further, one must establish methods of measure-

ment which enable the systems designers to align the new systems with
the targets. T

Changes in the operation of an information system within organiza-
tions may be contemplated for many réasons. A new technology may
become available, there may be a bottleneck in the existing system, or
there may be a shortage of sorne resource like skilled workers, However,
any change will have significant effects on many aspects of the
organization’s activity, Some of these effects may be generally
beneficial, but others may be deleterioys. Some effects may be
beneficial to one group within the organization, but have adverse
effects on anothey group. Finaily, some effects of change may
contribute toward the goals of the organization while others may make
it more difficult to achieve goals.

The first step, then, is to identify and classify the possible
beneficiaries from a change 1o the information system. |t may be useful
to identify five clases of beneficiaries to whom a change in system
presents an opportunity or a threat.
3.1 Holders of Financial Interest

In the case of universities, those with a financial interest in the
enterprise will include: students whose tuition rates are in part
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dependent on the zost of administration; the public, to the extent that
their taxes support the unwersity; and the faculty since reduced
sdministrative costs would release maore resources for academic func-

representatives, have domrnated the evaluation process, often because
their qoals are regarcted formally as the anly acceptable goals of the
organization.

In addition to financial opportunities and benefits the decision
makers may also be faced with financial constraints in the form of
acceptable rates of return on capital or Limits on capital expend iture,

3.2 The Employees

it has become fashionable in recent years (o pay greater attention to
the aspirations and job satislaction of the employees of an organization.
Experiments in industrial organizations, such a5 *'T groups’”, have been
58t up tn variows countries, In part, the movement is humanitarian in
origin, but its maindriving force is the realization that designing jobs to
suit the aspiration of the worker is an important step towards higher
and mipre corsiczent perfor mance.

Any information system comprises procedures, somie of which may
be carried out by computers, and some of which are carried aut by
reople, Since any change in systern will have an effect on the way
procedures are carried oul, a ¢iange in system can be used to enhance
1he job satisfaction of the people carrying out the nroceduies, However,
a change in system may aiso reduce the quality of a jub and the
satisfaction it provides,

if we follow the humanitarian school we may wish to avoid changes
which diminish job satisfaction. But it may ke difficult to persuade the
financial interests to give any weight to such considerations, However,
strong evidence is available that the shagt iife, or relative failure, of
many complex computer projects is often due to afailure of the people
within the system 10 work the system properly. Although the failure is
often put down to inadequate 7vaining, it is probable that. in mast
cases, thiose working within the system have found it unacceptable
because of areduction injob satisfaction,

3.3 The Organization and lts Managers

The structure of an organization and it3 style of management s the
product of the organization’s history, and of the techiology available
to it. Yet, in rmost organizetions, structural change is always T3king
place. Functional boundaries chanmge, systems of contrel change, and
the style of management changes. Although these changes are expected
fo improve the performance of the organization, they may be regarcled
as goals.
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Since introduction of changes in the information system link with
changes 1n structure and control, the use of compuiers can have
prolound effects o the srganization and its managers, Any change can
be regarded @5 @n opporiunily to contribute to the goals of organiza
tional changs, or these goals may be regarded as contraints on the
nature of the changes which may be permitted. In a university setting
methods of orgamization are cutrently very much under review, Sorne

urtiversities, for example, are conmsidering departmental responsibility

aczounting and budgeting,

3.4 The Customers and External Relations

For some organizations, the provizion of the "best” service far its
custoniers (s the major goal. Even for profit-oriented enterprisas, service
to custommers may be an important area of company pelicy. Changes in
infarmaticn systems may make significant contributions to customer
service in terms of improved relisbility and accuracy, in terms of
reductian in sarviee delays and many others. On the other hand, the
changes can affect customer services adversely,

Other groups with ‘whom the organization has relations, such as
suppliers, trade unions, and government departments, may also be
affecied by changes in systems, and must therefore be considered in
any process of evaluaring systems changes.

3.5 The Community At Large

The general image of computers as seem through the eyes of
newspapers, television, radio, and literature s, in the western world at
feast, tinged with mysticism (“electronic brain™) and regarded as a
threat ('big brother”) rather than a3 2 tool for the good of the
community. Similarly, the image created by the use of compuiers
within an organmization ean sffect its external image. At the ssme time
the use of camputer systems arid related archives of information about
members of the community, cary have direct effects -on the public,
through breaches of confidentiality and threats o the privacy rights of
the citizery,

The preservation of the organization’s public image, and the
protection of the citizen's privacy rights may therefore be considared a
part of its goal systern. Sometimes these gcals are externally enforced
with sanctiors as in the Swedish data bank laws.

In developing countrigs in particular, it rmay be possible thvat the use
of computers for information systems may play an importan? part in
developing the social infrastructure. In these countries, the role of
orgamizations such a5 universities is far broader than mesely producing
hishly educated citizens. Computers in organizations may, it used
properly, help indirecily to raise levels of understanding of technology,
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of systems thinking, of discipline in systems, Certainly thi existing
social irifrastructure places constraints on the development of  imputer
based irrformation systems,

The goals of the orgenization can be ¢ asidered in terms of the goals
of each set of bereficiaries. To provide measurable targets for an
information system the gemeral goals for each class of beneficiary can
be breken down into specific targets which have measurable properties.
for examplz the organizational goal of providing a system of
deparimental budgets can be broken down into ¢ set of specific goals.
retated 10

® fimeliness, for example, the frequency of reporting budget
vaTiances.

® jeliadility, for example that 95% of reports are not to be move
thran two days late,

® accuracy. for example that the undetected error rate should not
rise above 0.5%,

in a similar way financial targets <an be broken down nto specific
targets such as cost reductions achieved by eliminating certain manual
tasks, or cost avpidance by putting on the computer certain jobs which
would be prohibitively expensive if caried out by other means.

The methad of measuring benefit, then, is not in terms of a common
unit such a: money, but in terms of a unit appropriate to each kind of
goal. No attempt is made, Jor exammple, to measure the money value to
the crganization of improving the fit between the skills an employee
brings to his job, and the extent to which he can employ that skill in
the perforrnance of his job,

Eventually it is mecessary to arrive at some kind of value for each
goal. One way o attemnpt this & to give each goal a weight in relation to
all other goals, For example, it may be poswsible for senior management
1o determine how much value they assign to goals felated to job
satisfaction as against goals related to customer satisfaction, or against
goals related io an improvement in the contfol they can exercise over
the activities: of departiments. in practice, different people and different
groups will accord different values (or weights) to the goals. The head
of 2 faculty might tend to give a higher weight to 1argets associated
with academic performance, while the financial administrator might
give highe~ weights to targets related to savings in administrative costs.
In the rest world subjestive vatuations of this kind are often hidaen,
althouglh their presence can lead 1o unexplained conflicts within the
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organization, and will certainly affect the behaviour and performarice
of individuals,

An important step in the evaluation process is to ask different
groups 1o make their assessment of the relative importance of the
different goals. If there is a wide divergence between goal values it may
be necessary to take steps toresolve a potential conflict. Sometimes the
mere fact of bringing the different views inta the open is enough to
help resolve the conflict, At other times, where a proposed change
pravides a benefit for one group but a perceived loss to another group,
it may be necessary to provide the josing group with sorme compensa-
tion irt tarms which they find acceptable,

The evaluation process: —

@ |dentifies those who might benefit (or lose) from a mew or
changed systemn

% Explores the opportunities provided by the new system in terms
of specific measurable targets

Provides a set of weights for each target, where the weights are
given by the various individuals or groups who will be involved in
the change.

The next step in the process is to asess how different designs
of systems ‘might contribute to the achievement of the targets.
Each possible system altemnative is ranked according to its contri-
bution to each target. In practice it is best 1o reduce the number
of alternative designs to four ar five. Then, taking the existing
systemn as the reference systern on a scile of -5 to 45, with the
reference system ¢, one can rank the altematives. Some systemn
designs will contribute a great deal to the achievement of some
targets, but do badly with respect to other targets, However, the
targets are not of equal importance. By rmultiplying the ranking of
each design by the weight attached to each target, it i possible to
find the design which, over all the targets, can be agreed to
contribute the greatest wvalue to the organization,

The final step is to subject the outcome to a sensitivity analysis. In
this analysis one can test, for example, whether a small change in the
relative weights assigned to targets would affeet the choice of designs,
or whether changes in the assumptions abeut the relative performance
of the different designs would affect the reswit. Where small changes
make critical differences it is best to reexamine the weights and
measures used.
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An information system is of value to an arganizationif its output is
used to turther the goals of the arganization. However, the important
goals are not fulfilled directly by the output of the information system,
but depznd on the way that output is used by the planners and decision
takers, Because itisdifficult to prove that the output of the system will
be put to good use, there has been a tendency to restrict measures of
benefit only to those elements which are directly abservable and which
will be reflected in cost reductions or cost avoidance, Many systems
have therefore had the limited design objective of making existing
processes more efficient by reducing their costs, It is hoped that the
evaluation procedure described above, which invglves the active
participatiug in goal setting and goal evaluation by the uscrs themselves,
will facilitate the design of systerns which are effective as well as
efficient.

5.0 THE VALUE OF INFORMATION

Information has value if it is used to further the goals of the
orgamzation. To impute a value to information, one method relies on
the subjective estimate of the user of the effect the improved

one can use Bayesian stafistics to impute a quantitative value to
irrproved irformation.

Suppose that asales manager estimates that sales can be increased by
means of an improved sales analysis, He assesses the probabilities of
increased sales as follows:

& 1% increase B0% probability

& 3% increase 1 5% probability

® 5% increase 5% probuability
The espected return on the investment in the information system is the
expected additional profit generated by the extra sales. The extra
profits for each possible level of sales increase might be:

® extraprofitd 750,000 yields expected return of $ 600,000

® extra profit $2,250.000 yields expected return of $ 337,500

o
it
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8 extra profit 3,750,000 yields expected return of 5: 187QDQ

$1,125,000

The primary weakness of the method is that it tends 1o focus
attention on one benefit variable only. In the example, the variable is
extra profit from sales which is clearly a very important variable.
However, limitation to one variable is a drawback. More importantly
studies have shown that certain types of prabability estimates occur
more frequently than others. For example aprobability of 80% will be
quoted much more frequently than a probability of 75%, and it is quite
rare 10 get estimates which are not rounded to the nearest § or 10%.
However, small changes in probability estimates can have alarge effect
on the value of the outcome. In the example above if the probabilities
were changed only slightly,

e 1% increase 75% probability
# 3% increase 18% probability
& 5% increase 7% probability

the autcome in terms of expected return would be $1,230,000 which is
an increase over the previous estimate of 9.3%.

6.0 COST ESTIMATION

Cost estiration is somewhat easier than benefit assessment, However
the record of estimating either resource use or time needed for the
development of information systems is very poor. There are 2 number
of reasons for this.

6.1 Decisions Without Sufficient Analysis

Crucial decisions may be taken befare the full complexity of the
system to be developed has been fully analyzed. A way of overcoming
this difficulty is to adopt a policy of “creeping commitment’’. After the
first feasibility study, a limited commitment is made for a further more
detailed study. 1§ this suggests that the project is stll worth
implementing, a further commitment is made for some actual designs.
Final decisions about the project are avoided until a sufficient amount
is known about the proposed system to reduce the risk of grossly bzad
estimates.

103



O

ERIC

Aruitoxt provided by Eic:

104 ECTAINOMIC ANALYSIS OF INFORMATION §Y

L
=i
]
Z
L

6.2 Lack of Performance Standards

Performance standards for systems design and construction are not
generally available, New methods of organizing the design and
implementation team nvolving fop-down design methods, and tech-
niques of modular design and structured programming are making it
more possible to create accurate, reliable performance standards.

6.3 Underestimate of User Involvement

Estimates of the time spent by user personnel in the design and
implementation stages of a project are often not considered in the
praject costings. Further, the disruption caused by the implementation
process in the user departmenis while they are learning how to use the
new system is not normally considered a cost of system developmient,
However, all new information systerns represent innovations, at least in
the context of a particular user department, Hence information systems
development and implementation should be treated as an experimental
activity and costed accordingly. i

6.4 Unforseen System Requirements

Not all aspects of a system’s requirements are recognized at the time
the estimates are drawn up. To récognize as great a proportion of
system requirements as possible, it may be helpful to isolate and plan
for three medes of system operation.

® The normal mode, with expected volumes and transaction types.

® The abnormal or breakdowri mode, when some component of the
system fails or has to operate in a degraded state (hardware
failure, influenza epidemic), or volumes reach unexpected levels,
or unexpected events occur.

#® The recovery mode, where the system which had to be degraded
in the breakdown mode is brought back to the normal mode,

Each mode needs to be designed and implemented, The fact that an
event occurs only at rare intervals does not reduce the affort needed for
design and implementation where the system is computer based.

6.5 Interruptions

The design and implementation process is interrupted by the need 1o
cope with charging requirements, This problem, together with the
others outlined above, have contributed to the poor record of
estimating systern resource use and time requirements.
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7.0 STRUCTURE OF THE FEASIBILITY STUDY

A feasibility study should consist of a number of defined phases,
ezch of which may have to be repeated in the light of the outcome of
the next phase. The output of each phase represents the input to
subsequent phases. The phases are;

1) Define problem boundary and planning and forecasting horizons.

2) Choose goal setting and evaluation personnel.

3} Analyse significant internal and external trends over the planning

horizon.

4) Identify the opportunities and constraints within the systems

boundary.

5) Specify alternative systems designs.

6) Estimate contribution to goals from each alternative design as of

now.

7) Rework the contributions on the basis of future trends.

8) Rank options in the context of the weighted goals.

9) Check sensitivities and validity of curzome. Return to earlier

stages if necassary.

In the feasibility study, all of the methods of estimating costs and
benefits of various aspects of system design ought to be employed.
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Harold Adams

Dean of Students Office
Uniwersity of Louisville
Louisvitle, KY 40208

Paul Aizley

Assistant to President
University of Nevada, Las Vegas
Las Vegas, Nevada 89154

Eddie R, Ashmore

Oireciar of Data Procsssing

Southern Baplist Theological
Seminary

2825 Lexington Hoad

Louisville, KY 40206

Ruth Aiwood

Library

University of Louisville
Louisville, KY 40208

David Augensiein

Management information Systems
University of Louisville

Louisville, KY 40208

John Austin
Director
Consulting Group
ED ICOM

Lyle A, Baack
Directar, Data Systerns Center
University of Michigan

2021 Administrative Services Bidg.

Ann Arbar, Michigan 48109

Kerineth W, Baird
Health Sciences
Uiniversity of Louisville
Louisville, KY 40208

Mary 5. Barber

Library

Jniversity of Louwsville
Louisville, KY 40208

Oris V. Barber
Pearsonnel

University of Louisville
Louisville, KY 40208

Doreen Beaudreau
Program Administrator

University of Wisconsin — Milwaukee
Milwaukee, Wisconsin 53201

Stoughton Bell

Director, Cernputing Center
University of New Mexico
2701 Campus Blvd,, NE
Albuguerque, NM 87131

Richard L, Biscomb
Alumni & Development
University of Louisville
Lousville, KY 40208

Robert H. Blackman

Asst. Director

Qfifice of Computer Services
Cornetl University

Langmuir Lab — Research Park
Ithaca, NY 14850
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Jahn Borger

Coordinator of instructional
Television

Instructional Communicatuons Ctr.

University of Louisville

Louisvilte, KY 40208

William G. Bos

Arts & Sciences
University of Lousvills
Louisville, KY 40208

Danald J. Bowling
Personnel

University of Louwisvilie
Louisville, KY 40208

Lt. Comdr. John Brandon
U.5, Merchan: Marine Academy
Kingsponnt, L.L, NY 11024

Tom Braun
Coordinator of Information &
Data Systems
Counci! on Public Higher Education
§ih Flpor Flaza Tower
Frankfort, K'Y 40601

Robert W, Bridgford, Manager
Instructional Systems Dev,
Milwaukee Area Tech College
1015 N. 6th 5t,

Milwaukes, Wirconsin 53203

Philip Bronstein
Facilities Managament
University of Louisville
Louisville, KY 40208

Bill R, Brown

Management informatign Sysiems
University of Louisville
Louiswillte, KY 40208

John W, Brown

Office of Sponsored Programs
Univeruty of Lousville
Louswille, KY 40208

A, Browne

Asst, Vice Chancellor

Admin, Infg, Systems

University of Califormia - Berkeley
Berkeley, CA 94720

Thaomas E. Byrmie
Assistart Director of Administrauon
Dartmouth — Kiewit Computer Center
Hanaver, NH 03755

Oscar Cadeng

SystofMs Arsalyst

El Paso Cornmunity Colleas
6601 Dyer Sirest

El Paso, Texas 79304

David I. Carter

Kentucky Council on Public
Higher Edueation

Capital Plaza Tower Bldg.

Frankford, £¥ 04601

Hobert Lee Caruthers
Library

Uriversity of Lousville
Louisville, KY 40208

Robert R, Caster

Assistant Vice Fresident

Msanagerment & Finance

Dir. of SWORCC

South Western Ohio Reg. Compt. Crr.
University of Cinginnati

G-94 M58, 231 Bethesda Ave,
Cincinnati, Ohio 45267

“hilip G. Charest
captain USN
Director, Computer Serviges
Asst. Dean Educational Resources
U5, Maval Academy
Annapolis, Maryland 21403

Henry Chauncey
EDUCOM

Alfred T, Chen
Computer Center
University of Louisville
Louisville, KY 40208

T. Chenoweth

Assoc. Vice Chancellor for Businiess
University of California — Berkeloy
Berkeley ,CA 94720

Guy Giannavei

Computing Center Manager
Harvard University
Cambridae, MA 02138
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The Task Group on Principles Standards
And Guidelines for Management Control
Of Automatic Data Processing Activities

And Systems

A task group of very highly qualified ADP management profes-
sionals was commissioned in September of 1973 to study the
problems of management control of ADP activities and systems and
10 make recommendations to the GAO of suitable guidance which
could be given to the appropriate managers and auditors in the
Federal government. This task group settled on a building block
{phased) approach to the subject of management control guidance as
the best means of achieving meaningful results and successful
implementation. Their initial effort addressed the cost accounting
and cost control processes as a critical central element of manage-
ment control. Specifically it addressed itself to three of the four
areas of concern:

— systems design and development activities,

— data processing and communications operations activities, and

— cost assignment to end user units of the organization,
while leaving the fourth area of concern to subseguent studies, i.e.,
total information handling and processing activities of an organiza-
tion. The task group submitted its report of recommendations in
September, 1975, to the GAQ." it has been cieared for release to
interested individuals upon request and we will be very interested to
receive their comments on these concepts and recornmendations of
the task group. '

Data processing systems are a unique and very pervasive resource
to the Federal government. There are a myriad of applications and

vEntitled "Mansgamant Guidatines for Cost Accounting and Cost Control for

Automatic Data Processing Activities and Systems’’. A repoft of racommaen-

dations to the Director. Financial and Ganaral Management rudies Division,
us. GAO, September 47,1975, ltisrot a8 GAOQ report.
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application situations which are to be comprehended within the
scope of government-wide guidance on automatic data processing

It should be recagnized that ADP activities are but 3 part of the
totality of the Federal gaovernment - a very pervasive part to be sure
= but still only a part of Federal activities, Thus, in developing its
guidance the task group, and now GAQG, must be very cognizant of
the accounting, budgeting, and financial Management systems that
are in existence in the Federal government and assure that such

recommendations,

MANAGEMENT CONTROL CONCEPTS

-

The task group set forth four very important concepts basic to”
the issues of cost accounting and cost control:

Fafmaln Planning: Maintaining current formal plans and budgets

for ADP activities and systems, which are refated 1o organizational

and investment benefits coulid be realized,

This concept anticipates a “family of plans” closely related and
integrated by consistent assumptions and correlated anticipated
actions and results, Emphasis is given to:

— financial and operational expressions of . these plans and

budgets,

— stated measurable accamplishments anticipated,

= long range period plans and financial Projections, supple-

mented by annual and lesser period plans and budgets,

— project and system life cycle plans and budgets,

= period and accomplishment-refated reviews, and

—~ a process for maintaining the currency of plans and budgets,

Life Cycle View: Planning, controlling, and accounting for ADP
system with a view 1o the expected overall life cycle composed of
the four major phases: design, developrment, Operations, and
evolution, Recognizing that the expected life cycle of critical
components (such as expensive hardware and software) influences an
expected overall ADP system life cycle,
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This concept anticipates carefully designed life cycle financial
plans, reviewed and revised at meaningful time points, as essential to
both long-range planning and operating management control.

Resource Ulilization Measurement: Measuring, relating and
reporting resource availabilities and uses in terms of objectives
served, results achieved, and management responsibilities for ADP
systems, projects, and functions. Laying specific stress on expression
of such resource utilization measurement in both financial and
operational terms meaningful to ADP management and to top
management, '
equipment, material, etc.}) is needed for e{fective management
cantral. The task group states that all levels of management control
are dependent upon timely, organized resource utilization informa-
tion and unit cost information, with actual-to-planned comparisons
and variance identification.

Management Reporting: Reporting is required in financial terms
meaningful to management and to end users of ADP services of the
benefits, costs, and accomplishments, relatable te their responsi-
bilities, decisions, and actions,

Tre payoff of formal planning, life cycie view, and resource
utilization in controlling ADP activities and systems comes largely
through an effective management reporting system. The task group
views the end user of ADP services as principally respensible for
their effective and economical usage. Their approach to expressing
this responsibility is through requiring that the full cost of ADP
products and services be transferred, assigned, to the end user units
of the organization, Further, the task group recommends that the
resource utilization measures and unit cost data be reported to end
user management and to top management in meaningful terms to
their analysis and control responsibilities.

COST ASSIGNMENT TO USER UNITS
OF AN ORGANIZATION*

implementing a cost assignment procedure aids management in
several ways. First, when the user knows the cost of his service, he is

*The report refars to organizstional unitls) receiving the products and services
fram the ADP sctivities as the “end user units.”” Bacsuse of tha large number
af **users’’ who receive reports and ather types of ADF products and servicas,
wa balisve cost control can be snhanced by the designation of an official
withein 8 end usar unit as a focal point of responsibifity for the cost of ADP
products and sarvices, This person i3 referred to a3 an *tand usar.'”
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in a position to perform a cost/benefit analysis and can determine
whether the value received from a service is worth its cost. As a
result, user become more cost conscious and sometimes reduce their
demand for services. Second, the ADP manager is aware of the cost
of operations of each user, and is in a position to concentrate of
those high cost and demand areas warranting attention, And finally,
top management can benefit from the cost information in fulfilling
its responsibility for making sound ADP investment decisions.””

The principal elements of defining responsibilities through cost
assignments are 1o reflect accurately, to the extent possible!

— The authority of the manager for cost incurrence;

— The accountable responsibility of the manager;

— The degree of cost controllability exercised by the manager;
and
The relationship of the cost to his decisions,

The proper assignment of cost depends on a number of factors,
sometimes referred to as the attributes of cost assignment. The
attributes considered in this report, although not explicitly men-
tioned in our guidelines, are a prerequisite to any assignment of
costs, Briefly stated, they are that:

— The value of the information provided through cost assign-
ment should be greater than the cost of administering the
procedure;

- Cost assignment should result in equitable charges to all users;

= Cost assignment should resuit in charges which will be
consistent for like work;

~ The cost information provided be relevant to the decisions,

— Cost assignment should satisfy legal and other official adminis-
trative restrictions and requirements.

UNITS OF MEASURE COMMONLY USED IN
MULTIPROGRAMMING ENVIRONMENT

Resource Unit of Measure

Central Processor Unit CPU Hours, Minutes, or Seconds.

Internal/External Memory  Kilobyte hour, Number of word
blocks used, Region size in kilobyte
units, Elapsed time,

*55 senior managemant official may be designated s% having agency-wide

produets and services.
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Input/Output MNumber of accesses, Number of tape
of disk drives used, Sum of unit record
transfers (sormetimes in a block, e.g.,
per 1000 cards read), Elapsed time
{e.g., disk channel time in seconds),

Summary or general information is often provided when an
installation has few users, More complex, specific, and detailed
information is generally provided when there are many users. Cost
assignments are generally based on the level of input resources used
in generating ADP products and services. However, if outputs are
relatively standardized, ane should consider the possibility of
assigning costs on the user units of output (eg., invoices issued,
transactions processed, or accounts updated). The standard cost per
unit of output could, of course, be calculated on the expected or
average level of input resources used to generate the output.

Cost assignment should be refated to the consumption of
resources actually used in providing the ADP products and services.
Howaver, in some cases, costs should be assigned on the basis of
resources that have been committed whether used or not. For |
example, a user, in a multipragramming environment might request
the allocation of three tape drives for his program. If these tape
drives cannot be used by any other program until the user’s program
is completed, the user could be charged for three tape drives whether
he actually used all three or not. Similarly, resources can be
committed by a contractual agreement, such as an agreement to have
the computer system available for dedicated use during certain hours
of the day, The user could be charged whether it is used or not.

MANAGEMENT REPORTING

The cost assignment proceciures should being to management the
information needed in the form required for management decisions.
The cost assignment procedures may result in a dollar-billing process
based on the aggregated information. 11 is also possible to provide
resource utilization measures in terms of equipment usage and
personnel time. These may be part of the cost assignment report,
separate memo billings, or contained in other rranagement reports,

GUIDELINES

I. Cost assignment should generaily reflect the fuli cost of
resources used or commitied.
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Full cost generally includes directly refatable costs such as wages
and related personnel costs, supplies, interagency and intraagency
services, depreciation or amortization of hardware, long-lived soft-
ware, and facilities assets. .

11, In certain instances it may be desirable to employ rate
differentials for those considerations which promote more
efficient or economical use of the resources.

Users wanting priority turnaround, for example, should pay a
premium to encourage users not 1o ask for fast turnaround if the
added value of such service is less than the priority premium,
Similarly, peak periods (e.g., during the day and at month-end)
should carry higher rates to help smooth the load. In composing a
budget, a balancing of total premiums against total discounts should
be planned to achieve full cost assignment.

111, A priority system may be employed in conjunction with cost
assignment if mansgement control over ADP wili be
improved.

Generally, a priority system should be used to control systems
design and development as well as data processing operations.
Establishing priorities should generally be the responsibility of a
management committee where both ADP and user management are
represented.

1. Cost should be assigned on the basis of predetermined rates.
costs, such as in the transfer of contract service costs or travel
expenses (often termed "'unique costs™).

V., Rates, once established, should be effective for as iong as
possible,

They should be reviewed at least annually and updated as
necessary. Certain conditions, for example, a significant departure
from planned usage may warrant rate review and possible adjustment
on a more frequent basis.

V1. Predetermined rates should generally be set using either
projected levels of effort and estimated costs and/or last
year's actual costs and usage.

Only in certain cases may it be more advantageous to use an
historical averaging of costs and usage to derive the rate. To
encourage demand in new or experimental installations, pre-
determined rates could be set using projected levels of effort. The
fact that variances may occur must be foreseen and their allocation
predetermined. For example, a startup account fnay be designed to
pick up the variance.

123



O

ERIC

Aruitoxt provided by Eic:

APPENDIX B 125

VIl. The unit of measure chosen as a basis for assigning costs
should be closely related to the resource being measured.

VIIl. Cost should be assigned by applying the predetermined rate
to some unit of measure of the resources actually used or
committad.

1X. Variances to predetermined rates should be analyzed by
management. If a variance is caused by auser, it should be
applied to that user.

A material variance not so attributable may be allocated in one of
four ways:

— to general overhead,

— to all users,

— to the ADP organization, or

— as an adjustment to next year’s rate.

X. The frequency with which users are notified of their ADP
costs should coincide with an activity's accounting cycle
which is usually a monthly cycle.

Individual users may be notified on a more frequent basis by
memorandum billings — usually issued upon completion of a specific
task or job and including resource usage infarmation.

X1. To the greatest extent possible, costs should be assigned ina
manner that will allow user analysis and control.

Users should be able to understand their ADP bill and interpret
its content properly for their decisions, planning, and control. This
means that where feasible costs should be stated in terms of the
user’s operations or transactions, through standard product costing
methods.

“X1\. Regardless of the formal scheme for assigning costs, every
user who makes decisions that materially affect ADP costs
should be provided cost information that aids him in the
more efficient use of ADP resources.

REMAINING PROGRAMS

The task group discerned several other problems which will
require the attention of GAO and the other Federal agencies. Some
of them are:

— How does one assign development costs associated with a large
information system used jointly by many subunits of an
organization?

- Should there be a standard approach to the capitalization and
amortization of owned hardware and software or the lease
equity in such assets?
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How should excess hardware capacity be treated in cost
assignment?

What type of a data base is needed to evaluate the relative
merits of competing cost assignmen? methods and for pro-
viding quidance on the effectiveness of specific methods in
specific sets of circumstances?

,uf'{

\H‘
B

o

ERIC

Aruitoxt provided by Eic:



