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INTRODUCTION

Many changes, two decades or less in the making, have combined to
produce a new and much different world, a more dynamic technology, and
a revolutionary social order, ELducational implications now and in the years
ahead are equally challenging and cle:trly require vigorous educational leader-
ship, The decade of the fifties marked the beginning of an effort to improve
the professionalization of educational administration under the leadership
of the Cooperative Program in Educarional Administration. Otler research
efforts by universities, educational agencies and special projects have
developed techniques for managing school systems which must be made available
to practicing administrators,

The gap between the promise of education and fts attainment continues
to increase and ia of grave concern among professional educatora and
enlightencd citizenry, Secretary Gardner fssued a challenge to educators
when lie stated:

« « cducators , , . become not only tcachera of their
students but teachers of the nation {n the new philosophy
of learning and living in an ever changing world (and)

« + o+ that they , , ., convince the American people, once
and for all, of the truth of Toynbee's (statement) that
eivilization is a movement and not a condition, a voyage
and not a harbor.l

The causes atre not new but the implicationg for raptd change in 2chool
management procedures should not be ignored, Practicing school adminis-
trators need to be trained i{n the procedure of how to apply the methodo-
logies recently developed by modern technology, i.e., systems analvsis,
management information systems, planning programming budgetary systems,
and program evaluation review technique,

The term "educational planning" is being used increasingly at various
levels of education in local school districts, state educational agencles,
and other educational agencies throughout the nation. FEdgar .. Morphet has
written that!

I'lanning 18 not a process of speculating on prodbable
developments and preparing a theoretical bhlueprint

for meeting needa, Rather It is a process of attempting

to determine appropriate goals and objectives, obtaininp

and analysing pertinent information that will bring Into
focus present and emerging prohlems and needs, and

obtaining agreement on steps and procedurea that are desipned
to meet those needs and so objectives can be attained,

——n -

1gardner, .ohn W., "Impact of Chanpe on Education," NEA Journal, November,
1959, p. St

2Morphcl. Fdgar L,, "Planning and Effectinp Needed Changes {n Hducation,”

Report P'tepared (or the Third Area Conference, Designing Education (or the
future: An Kight-State Project, Denver, Colorado, June, 1967, p, vil.

i
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Educational research and planning is being viewed as import
means for achieving the short and long-range objectives of the imstitution.
Several factors have complicated the effectiveness of educational planning
since the end of World War II, They are:

1. A rapid growth in the school age population.

2. Recognition that education is an important instrument for
attaining national, regional, state and local objectives.

3. The increasing size and complexity of the educationsal
organizations,

4. The expanding need for adoption of new innovationa in educa-
tioual iunstitutions,

5. The increased costs and need for greater financial support
to improve and expand educational programs,

To nid {n the soiving of the prohlema presented by increased size,
complex operations, and limited resources, educators nced to adopt new and
modern methods for effective planning, These ncew methnds should be brought
to the attention of educational leaders In oraer that he will have available:
(1) the tools thiat can provide a quick assessment of alternative courses of
action, (2) the procedures to measure progress toward the achievement of
objectives, and (3) the methodology through which growth and change can be
directed and controlled,

Much work has been done to analyze specific aspects of educational
activities and individual resources, however, very little concerted effort
has been made to deal with problems within the context of a complete system.
Systems theory approaches the problem from a universal or global ajproach
and thus seeks to conceive problems in their full complexity, Systems theory
1{s an approach which offers a technology for problem solving and decision
making, John Pfefiffer wrote that:

The system approach can be regarded as a disciplined
way of using specialists in a variety of fields to
analyze as precisely as possible sets of activities
witose Interrelationships are very complicated, and of
formulating comprehensive and flextble plans on the
basis of the analystﬁ.3

In the past, planncrs have been frustrated in their efforts because of the
great numher of possible alternatives, the complexity of the iInterrelation-
ships among programs, and the uncertalnties of the probably overtones that
exiat in the varfous combinations of the program clements, FEducational
institutions have not had the availability of trained personnel to compre-
hensively analysze the effect of alternative policy decisfons, Effective
planning is not possible without a technology that can relate simultancously
all aspects of educational institution operation and feasible alternative

courses of action.

3Pfelffer, John, New Look at Education: Systens Analysis in our Schools

and Colleges. Odyssey Pross, Poughkeepsie, New York, L94R, p. 2,
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The major objective of the training program was to develop within
the research and educatioral leader the practical working skill needed
for application of system theory and management techniques to their
operational responsibilities, Subordinate learning objectives were:

1. Define what is meant by system analysis and 1ist the
basic ateps related to system analysis procedures,

2. Define the meaning of the Management Information
System (MIS), liat the major component parts of an
educatfona) management Information svstem and list
the bastc steps Iin Implementing an 1ilS in practice,

3. Define Program Planning Budgetary Syatem (PPBS) and
1ist the component parts of PPBS and describe various
implementation considerations,

4, Define Program Evaluation Review Techniques (PERT) and
iist the basic elements of PERT and prepare a PERT
network from a simulated problem situation,

Three intenaive training institutes were conducted for the purpose of
imparting knowledge and information concerning peneral system theory concepts
to persons in educational research leadership roles, Specific emphasis was
placed upon the process of translating theory into techniques, products and
organizaitonal patterns that can be of immediate use to the educational
research leader. Concentrated efforts were made to jJoin theory with fact
as vell as to reinforce the relationship between the i{deal and real
situationa, This proceedings document provides the major content of these
intensive traiuing institutes,

Sam W, Bliss
Program Director
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TOWARD A PHILOSOPHY OF ADMINISTRATION-MANAGEMENT

Nelson Haggerson

My assignment at the three workshops on management tools was to give
an overview of systems analysis that would relate a way of thinking (systems
analysis) to the solutions of administrative and management problems.

It was my hope that the presentation would provide a frame of refer-
ence from which both presenters and participants could give meaning to the
events of the week. In my endeavor to accomplish this task, I have developed
a set of relationships which, when refined, might lead to a philosophy of
administration-management. Hence, the title, "Toward a Philosophy of

Administration-Management."

Definition

Management. For purposes of this paper I am not going to differentiate
between administration and management ag some authors do, and as I might
under different circumstances. I will use the term management rather
than administration-management defining it as: The art and science of
planniung, organizing, motivating, controlling human and ma.. ial resources
and their interaction in order to attain a pre-determined objective.

Philosophy. I will define philosophy as a set of relationships whose
reason to be derives from the problems faced by those who order the relation-
ships. Philosophy, aside from deriving from problems or reactipns to other
philosophies, is characterized by a set of values that rather consistently

permeate the relationships. Furthermore, it is characterized by a method-

ology oy shich problems are systematically attacked and solved. And, for
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our purposes here, I shall add an application, the various roles played

by managers.

Problems

The problems with which managers in the field of education are con-
fronted vary from the larger ones of the goals of education and schooling
to the minute details of getting a piece »f chalk into the hands of the
classroom teacher. As a matter of fact, whether or not managers should
be involved in the formulation of educational goals is an issue in itself.
There is probably little doubt that they should be responsible for defining
goals into behavioral terms and for implementirg them, but there is doubt
as to their role in actually deriving the substance of the goals. Once
a decision is made concerning goals there comes tle tremendous task of
deciding how to implement them. What education is appropriate for whom?
How much education is appropriate? How shall it be organized? Schools,
classes, groups, etc.? In what sequence should the experiences be ordered?
The same sequence for all? How long should experiences last? What does it
take in terms of human and material resources to carry out the educational
goals established? How do we know about the effectiveness of the progr:ims
we design? These, along with a myriad of other problems, face the manager
of today's educational enterprise. In philosophical terms these questions
might be called substantive problems. Once a decision is made about the
substantive problems the matter of implementation becomas an issue. Ilow %
do we institute a program with the least amount of cost to fulfill the goals? |
How do we motivate teachers and other school personnel to carry out proyrams?
This whole series of educational problems may be entitled procedural problems.

Educational planning centers around the solution of both substantive and pro-

ERIC 12
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cedural problems. Their solution is at the heart of the manager's work,
and hence at the heart of a workable philosophy of management. 1In the
1960's and 1970's, to say nothing of the 1980's these problems are complex

and difficult to solve. Therefore, they are demanding of our better efforts.

Values

There are a number of values that seem to dcminate the operation of
an educational enterprise in the present day. While many of these values
center around the individual, his rights and responsibilities, they also
focus on the needs of the larger society. This very fact (the focus on
both individual and society) provides conflict: As I study the situation,
read the literature, and observe the behavior of both the policy mikers
and the policy executors I find a number of values consistently propused
as guide to the management process.

The notion of relevancy is foremost on the tongues of most educators
today. 1Indeed, it is a main issue raised by critics of education as
well as students. The curriculum should be relevant, instru:ztion should
be relevant, buildings should be relevant, the educational enterprise,
itself, should be relevant, more relevant, if it is to be good. Deter-
mining what is relevant to which people and at what time is one of the
problems to be solved. But that education should be relevant seems to be
a well accepted value,

Effectiveness is another value which scems to be accepted by most.

That a program should do what it is established to do, or that a teacher
or educator does the job he has set out for him is a quid pro quo. Two

allied values are accountability and efficiency. That the educator is

accountable for the effectiveness of his school and that his operation




should be an efficient one is cognitively accepted, even if not carried
through in many cases. The laws requiring that public accounts be audited
is a fact manifesting the value of accountability. The fact that the gov-
ernment is now cutting off funds from schools not enforcing the integration
laws is another manifestation of the accountability value. Efficiency
permeates our western economy, and while it hasn't met with much success

in the educational enterprise, partly because of its complexity, it still
stands as something to be desired. Often managers talk about these values

in Time-Cost-Performance terms.

In our fast changing gociety world the need for constant change seems

apparent, so apparent that the value of modifiability is the watchword of

most educators, albeit its monifestation in behavior is sometimes hard to
find. We must modify our educational programs so that they are meaningful
to the learners for whom they are designed. The actual modification of
educational programs is once again in the problem domain of the manager of
the educational enterprise.

Other values that are related, but are different, too, are the guantitx
and quality of educational output. That is, we are concerned with the
number and the quality of learners produced by the schools. The quantity
is directly related to available money to operate on, the gquality is becoming
more of a measurable item. Accrediting associations, for instance, attempt
to measure the quality of the product, or at lcast of the programs offered
by schools. Once again, while few would argue that quality is essential,
few agree on what characterizes it or how it is arrived at, much less how
it is measured.

Wnile there arc many other values that seem appropriate to a philosophy

of management, the last onec I will discuss is that of cooperation, cooperation

14
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with other agencies, other disciplines, cooperation within the institution
of the school itself. All are desirable relationships if we are to manage
an effective school or educational enterprise. Cooperation may'cake many
forms--in fact, it hasn't taken many forms--but the potential is there,
and it seens mandatory in view of the complex problems the educator must

soive.

Synthesis
Having briefly discussed the problems which the manager faces and
the values which permeate the developing philosophy of management, I now
present a schema through which I hopé to synthesize my thoughts on a
philosophy of management:

TRAMEWORK FOR A PHILOSOPHY OF ADMINISTRATION-MANAGEMENT*

Objecis Operations Policies Philosophical
positions
1. THINGS Logistical functions Policies of (Probably not
efficiency required)
2. LAWS Executive functions Law: school Theory of imple-

board rules, regu- mentation: Strict-
lation, hierarchy- 1loose interpretation
policy, program,

curriculum, instruc-

tion
3. PEOPLE Human relations Personnel: 1. Personal philo-
1. One's self sophy :
2. Students 2. Theory of human
3. Staff-Supt.- nature,of learning,
Board, behavior
4. Society 3. Theory of leader-

ship (plus 1,2)
4. Sociai theory
{plus 1,2,3)

4. 1IDEAS Ideational function--~ (Logical consist- Theory of knowledge
thought ful delibera-~ ency) Theory of philosophy
tion Philosophy of Education

Any thoughtful consider-
ation determined only

* The schema was originally presented by the philosophical

by Ralph Hallman - Claremont Graduate method
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It appears that we can classify the management domain in a four-by~-four
conceptual model. In the left hand column appear the objects with which
the manager works: things, laws, people, and ideas (you may thirk of
others). In the next column the operations which he performs on the ob-
jects; in the third column the policies which guide these operations;
and in the last column, the philosophical positions which justify these
policlies and, hence, actiomns.

It must be emphasized that the model is presented as an oversimplified
way of looking at management. It does not depict many of the relationships
which may exist. It must also be emphasized that in any one decision about
the objects with which the manager works there may be a multitude of inter-
related decisions which bring into play every area of the schema.

By way of further explaining the model, and at the same time intro-
ducing systems analysis into our discussion I go to the cell on the idea

row undex the philosophical positions column. This is the cell in which

I want to introduce a methodology appropriate to the philosophy of manage-
ment under discussion. Certainly if the manager is to solve the complex
problems with which he is faced he needs a comprehensive way of thinking,
“"an approach that represents a disciplined way of using specialists in a
variety of fields to analyze as precisely as possible sets of activities
while interrelationships are very complicated, and of formulating compre-
hensive and flexible plans on basis of analysis..every case representing

a basic effort to reconcile objective and resources to achieve clearly
specified compromises between what we want and what we can expect to get..."

a methodology that will help people make decisions. You will note that this

definition of a methodology is consistent with the value positions taken earlier.

16
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I will consider systems analysis, then, as a way of thinking which
contributes to the solution of managerial problems. Systems analysis as
a way of thinking is identified by four main characteristics: A way of
asking the right questions, of defining objectives in precise terms; a
way of seeking alternatives (No single answer is acceptable. Ra‘ther, the
emphasis is placed on selecting the most appropriate alternative from a
number of acceptable ones.); continuous feedback used for evaluat:ion pui-
poses (Evaluation becomes a repetitive process which allows apprcpriate
kinds of changes to be made at appropriate times); and, finally, a way of
thinking that is appropriate to many disciplines and allows for an inter-
disciplinary approach to management problems. (In this sense, systems
analysis is a method of methods, or as Kaplan describes it, a methodolocy
as contrasted to a more limited method.)

By way of further development of the schema, let us examine the systems
analysis approach to a solution of a problem having to do wlth pedple.
Suppose the problem is finally defined as one of developing a policy to
guide relationships between the students and the administration. (A systems
approach-~-force field analysis--can be used to arrive at the plac2 where
you determine that the problem is to develop a palicy.) The objective of
the policy must be clearly stated in terms that can be manifested in be-
havior. Alternative positions can be taken depending upon philosophic
positions on human nature, on leadership, etc. Once a numher of policies
is derived the feasibility of each can bé determined, the cost of imple:
menting the policies can be determined, the barriers to carrying out each
can be projected. A sin¢le policy is finally selected, but provision is

made for immediate and continuous feedback pertinent to implementation.
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with this feedback, decisions can be made about amending the policy,
continuing the policy and other alternatives. The important thing is

that the methodology used provides for: a clear statement of o>jectives,
derivation of alternatives, and provision is made for continuous evaluation
to allow for correction. The fourth characteristic of systems analysis

is that of an interdisciplinary approach. Hence, resources from the field
of law, sociology, psychology, etc., can be brought to bear on the form-
ulation of the policy, as well as its implementation and continuous re-
evaluation.

While evaluation is not a new notion or practice in education the
constant change in programs as a result of evaluation is a new phenomenon
to most in the educational enterprise.. This built-in correction device
may be the most important contribution of systems analysis to education.

By using systems analysis as a way of thinking that contributes to problem
solving and good decision making one can examine the entire schema presented
to elicit more and moxe implications and to see the real power of systems

analysis.

Model Building

¥hile I have described systems analysis in general terms, and the
speakers during the rest of the work shop will handle many of the detailed
aspects of systems, I would like to discuss the concept of model building
as an integral part of this way of thinking. A model is a simplified
but controllable version of a real world situation designed to facilitate
thinking and understanding.' I'll brilefly discuss three different kinds of
models. There are many other kinds.

Conceptual models. A conceptual model is designed to show relation-

ships hetween knowledqe areas already delineated. The schema prasented
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in this paper is a concéptual model. It provides us with a way of
explaining relationships, with catagories into which to classify data,
knowledge, ideas, and information. PERT charts represent anothe.’
conceptual model.

Simulation models. Since systems analysis forces us to make decisions

based on alternatives, we need help in deciding which alternative is
most feasible taking into account cost, time, experience. The simulation
model, especially when programmed for the computer, can provide us with
valuable information. One use currentl& made of simulation models is in
school district reogganization. By programming the various alternatives
available and feeding them to the computer, we can determine which form of
reorganization will be least costly and consume less time to implement,
among other things. Decisions can then be made as to which alternative
fits the pre-determined criteria without having to try each alternative
out in reality. Similar simulations can be done with school schedules.
While the computer is not absolutely necessary, it provides many answers
in a short period of time. It can handle so many more variables than we
could before computers that the outcomes of our simulations are probably
more realistic, too.

Another kind of simulation model is the gaming model. We have won-
dered how vicarious experiences could actually contribute to the thinking
process. The many games on the education market now are simulation models
designed, in most cases, to provide meaningful, yet simulated, experieinces.
There is a great deal of work to be done in this area, but there is much
to be optimistic about. The simulation models actually make systems analysis,
as described earlier, a workable thinking model because they allow for the

consideration of many alternatives--something that has not always characterized
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education of decision making.

Theoretical models. It must be stated that both conceptual models

and simulation models are versions of the real world situation, as is
a theoretical model. The latter, however, is designed to allow the best
possible predictions about what will happen in the real world. A theo-
retical model is made up of a system of hypotheses which are to be,
or have been, tested in the real world and which allow accurate pre-
dictions to be made. Having developed a conceptual model, tested it via
a simulation model, we can then hypotherize that certain things will
work in the real world. We test out these hypotheses, and as we verify
them or reject them we bring our theoretical model closer and closer
to reality. (It is paradoxical that in the minds of some a theoretical
model is far from reality--the theory-practice dichotomy--but as it is
used here the theoretical model is the most vivid picture of reality‘we
have.)

All three of these models play an important part in systems analysis

as a way of thinking.

Issues .
I have presented the basic elements of a philosophy of management;
definitions, the problem‘milieu, a set of values, a way of thinking, and
a conceptual model to show the relationships. I have yet to discuss the
roles managers might play in the management of the educational enterprise.
First, however, I want to present some issues rélated to the above comments.
The fact that some of the ideas presented are still in issue form is the

essence of my concept of "toward" a philosophy of management. We still
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have many issues to settle.

One of the must important aspects of systems analysis as a way
of thinking is self correction, constant evaluation and change. While
a way of thinking is much more stable than the substance about which
thinking i3 done, it too needs constant evaluation--a built-in correction
device. 1 am concerned that we may narrow systems analysis down to such
a well defined model that we don't provide for change in the thinking
model itself.

Another issue, or perhaps just a concern, is that on the one hand
we commit ourselves to the need for preciseness in the use of language
as part of systems analysis, but on the other we currently use several
different systems languages. There is a need, as Fred Bellott says, for
a thesaurus of terms applied to systems analysis. The mathematics
educators found the same problem in the early days of "modern" mathematics.
They espoused the need for preciseness in the use of language, but they
could not agree on precisely which terms applied and where.

Some writers have described systems analysis as "bounded rationality”,
depicting the limitations that one can deal only with those factors he
can comprehend at one time. Another explanation of this criticism may
be that systems analysis tends to be linear in its approach {(as depicted
by flow charts, etc.) and the whole world is not linear. Hence,a limi-
tation. The main precaution is to recognize the limitations and to work
on extending the boundaries.

Another precaution, and in a sense an issue, is that the systems
analysis approach used by the industrial-military complex may apply to

education in a very limited way. The tendency for educators to
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"'get on the bandwagon" and accept without question something that has
worked in another area may be a problem in adapting the industrial-
military complex version of systems analysis to the solution of entirely
different kinds of problems.

The last issue is actually in connection with the definition of
management itself., As defined here, "the art and science of planning,
organizing, motivating, and controlling human and material resources
and their interaction in order to attain a pre-determined objective,”
certain ethical issues are implied. The objective of controlling and
manipulating humans to attain predetermined (by whom?) goals is an
ethical issue itself., 1In our fervor for effectiveness, efficiency,
output, input, accountability, etc., we must not forget that human

beings are not "things" to be manipulated.

Roles
While no one person is likely to be involved in all of the roles
mentioned here, these are roles that seem important in carrying out the
marnagement function. Hence 1 will include them as important aspects
of the philosophy of management described here.

The Scholar. The role of the scholar is that of researching, geeking

ansvers to coaplicated problems, generating models, identifying alternatives,
and proposing solutions,

The Planner. The planner identifies major and subordinate objectives,
presents them to the staff, considers equipment, data., facilities, services

and makcs Jdectisions,
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The Organizer. He establishes a plan designed to reach major and

minor objectives. He establishes work tasks, sequence and dependancy
among tasks, along with perforsance standards or quality control.

"The goal is to achieve an optimum balance between schedule, costs, and
perfoxmance requirements."

The Motivator. le ~ommunicates project goals, directs assignments

of tasks, provides leadership, assesses staff morale, insures involvement.

The Controller. He engages in the process of responding to deviations

from schedules derived in planning, organizing, and motivating.

Ard in my opinion most importantly:

The Rebel. Since the system is open to alternatives and constant
change, there emerges the role of tebel--an ombudsman {Or whatever name
you apply to one)-- who keeps the system from jelling in some form of

conplacency.

There are no doubt other roles in the management of the educationai
enterprise. These few mentinned seem, however, to fit into the philosophy

derived and to be consistent with the values accepted.

Summary
In summary, it is suggested that it may be helpful to work toward
a philosophy of management. That philosophy includes a definition of
terms, A realm of probiems, a get of values, a methodology with vhich to
solvo problems, and definition of roles in which managers enyage while
administering the educational enterprise. 1t also includes a nurber of
unresclved issues wnich keep it viable and subject te change as change is

needed, and as new data are availakle. Svatems analyeis is a way of thinking



that is proposed as a methodology compatible with the philosophy of

management presented in this paper.
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SYSTEMS: TIIEORY AND CONCEPTS

William Gould

Discussion of Handouts - Figures 1 through le

I think my essential feelinp about "systems'" is that there is no
one systems approach, there are a lot of very different definitions,
1t's become an "in" word, I think it's boen misused in many respects
and I think one of the things we're tryfng to do in this weck-long
sassion 18 to pive you a wide variety of viewpoints as to what the
approach 1s all ahout, how you can usz {t, what some of the mistakes
are that have been made in the past, amd hopelully give yea a very
brief cxposurc to some of the many diffecrent concepts and some of
the tools that are used. We arc trying to get you to think ahout
what's being said, what some uf the concepts arc, relate them to your
own cxperience, and try and make up your own mind as to what's
appropriate and what isn't. Now this afternoon, 1'll ret into something
of a prepared speech, what 1'd like to do this morniry 18 give you
a iew examples of what '"'syatems' is all about. Perhiaps talking about
these first will clarify some of what we deal with this afternoon.

First, why don't you look st the dtapram that saya Figure 1,
Syatems Concepts, and along with ft, the sheet headed “systems
concepts'". A very basic definition is that a system is a set of
parts that work together to achieve the over-all ohjectives of the
whole system, While you can find many definitions, 1 think that
includes the essential elements. There's a purpose to the system and
all the parts within {t work t-ward the total systen objective. 1
think the point that waa raised here earlier about whether cfficicucy
18 a valid objective in education is extremely relevant., 1f ydur
particular activity 1s a part of a laraer system, it seems reasonable
to ask for example, "am 1 comtucting my reslstration operatfon in the
most efficient manner possible?" DRut perhaps efficiercy 1an't the
criteria that the reptistration operation should be judped on. Mayhe
you need to give students a lot more time to think about what courses
are available, and {f there are conflicts, to pive them time to work
them out - to reshuffle their schedule., That's one aspect that 1
think we need to pay attention to.

Second, every system 18 embedded in a larger context or environ-
ment, and the enviromment does several things to a system. First of
all, {t provides the constcaints on the system, 1t determines what kind
of inputs are available; how much in way of resources, men, and material,
monev, etc. are avallable for the syatem to oprerate effectively., 1t
also helps determine what the ohjectivea of the systen are. So the
constrainta are factors in the enviroment vhich affect the system, but
over which the systen {tself has very little control.
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FIG. |

SYSTEMS CONCEPTS

WITHIN THE ENVIRONMENT
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Another aspect of systems is that they employ feedback. This
13 a scnsing of the system's output, it's performance; a compa~ison
of this output with system objectives through some kind of an assess-
ment weasuring device, and initfative of corrective measures to bring
actual output closer to the desired. On the diagram I've symbolized
feedback as coming from the output and being used to modify the input,
It also can modify how the system is orpanized, and what the processes
are that are going on within the system,

There are relat{ounshipa amony, components in a syatem, between
one system and another, and bhetween the system and 1t's environment.
And there are processes of change occurinp within anid outside the
syatan. The system scicutist, desipuer, or manager las to be
sensitive to all of these factors.

I've listed a couple of strategics that are useful in analyzing,
managing, and designing systems. They arc two of many kinds of
very different approaches possible. One I've called a visionary strategy
where you try and sit down and ask "what's the ideal kind of system
that I want?" In the ultimate, how should this work. Based on that,
you try and desipn the elements, the processes, and the {inputs--how
they're transformed and changed--to develop a system that you feel is
ideal, laving done that, you ask, “where are we now, how far from this
fdcal are we, and wiat is it we have to dc to develop this ideal system?"
This approach 18 useful for breaking out of ruts and for gettine out
of the traditional way of thinking, hecause when you bepin to think
ahout the ideal you should ignore where thingas are now. Ignore the
present organization, the present structure, the present myths and
rules and repulatfona, [But one problem with this kind of approach
fa that it tends to rcinforce the idea that there is an ideal amd
that 1f you caun just attain it everythings will he preat. My particular
bias says that there really isn't an fdcal and it is perhaps best in
nmany situations not to take this approach. So to me, the second
approach, the evolutionary approach, 13 in moat casea more realistic
and a more viable concept., Easentially what you do herec is try and
fdentify what the performance objectives arc that you want to achfieve,
develop criteria and ways of measurinp system performance, and then
try and take a look at where you're at and how you can improve present
ard existing systems to come closer to meeting your objectives. 1In
other words, what is suggested fs a continual process of change and
evolutionary growth, one of modification and improvement. That very
briefly 18 one way to look at the notion of systems and a part of this
that is tmportant to keep in mind is that the system we represented
with a circle here is just another system within a larger super-system
and that's within a larger one. As we pet into your Junch assipmment,
1 think you'll begfin to appreciate some of the difficulttes in
dosipning systems that arc within larper aystems hecause very often
the goals and ohjectives can conflifct or 1t may not be clear what
they are.

In the sccomd sct of dociments vou received entitled, 1he Syaters
Approach, ['ve tried to capsulize some of what ! thilnk about aystems
approach. Essentially it {s that {t {a an attitude, a state of nind,
a way of looking at problems. It Jemands holiatic thinkinp, 1t calis

21



18

for ratfonality and application in many respects of the scientific
method. But above all it demands a tremendous curiousity and continual
queationing. Why are you doing this? What are the objectives? 1Is
this really the only way to do 1t? Just because it was done this way
in the past, is that any reason to continue?

Quade has a definition herc of systems analysis that I think gets
into some of the essential features of the approach.

On the second page 1've tried to summarize asain from my biases
what are some of the key activities in analyzinp and designing a
system. They're listed in step by step fashion, but they're not to le
applied {n that way. Typically you go through these seven steps and
you continually rcpeat them. As you sct fnto creating alternative
solutions you may find out that your earlier definition of the problenm
was too limited or too broad or incorrcct. So it's a continual process
of going throuph these steps. 1 think in any document on systems
you'll find a roughly similar, although often seeninpgly very different
set of steps, So just view these seven ateps as one operational tool
to help remind you of the kinds of things to ro through.

Finally, therc is a bibliography and an ahbreviated prospectus
from Jere Clark, who's at Southern Connecticut State Collepe. It's
just a summary of what one of the task force groups in general systems
research activity is trying to do in the area expanding information
about gerieral systems in the field of education. 1 think it would be
vorth payiug attention to what's happening in that field.

Are there questions about any of this right now? Why don't we
discuss the handouts for a few minutes, and then I'll try and outline
vhat 1'd like each of you to tackle during the lunch period.

AUDIENCE: How does Quade relate intufition and judprment to
quantitative methods? Those in education oupght to be interested
today in the question can what Quade refers to as intuition and
Judpment be taught?

SPFAKER: Intuition and judgment? 1'11 avoid answering that by
trying to say I think what Quade is saying is that for those who are
experienced as you are as managers of R and D, as administrators, as
teachers, and as educators, systems tools and techniques and especially
modeling can help clarify your thinking. You have some experience {n
the field, you have some judgment, maturity, expertise. System tocls
can help focus your thinking, sharpen {t, clarify your own knowledpe
and underatanding of systems of education. And t think this is the
sense in which Quade uses the terms. As to whether intuition and
judgment can be taught, 1'd say that's more appropriate from some of
you to try and answer or strupple with. 1 Ruess my own feeling {s
1 think they can be improved, they can be enhanced. 1 really
don't know.
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AUDIENCE: May 1 try you again on the next page entitled "Key Activi-
ties in the Systems Design and Analysis Process?” Because I'm really in
a fog here at the moment. Wouldn't "definition of the problem” be thz jodb
of the phllosopher in terms of what ought to be? Secondly, maybe our
school superintendent could identify the constraints and perhaps alter
the systems there in the problem solving process. Next the curriculunm
director will, out of what ought to be, identify objectives but the systems
man will take number 4 and ident{ify criteria for measuring and etc. And
then the devils advocate or a Nelson mentioned, might he the guy who :reates
alternative solutions to all these questions so the systems men will aay,
well, there are other ways. And 6, analyzing and evaluating the alternative
solutions. This would again be the systems man. The next, communica:e.
Boy, that's a big one, but, according to that, who would interpret {t?

SPEAKER: Okay, I 1like that question. Apain from my biases I would
say it's extremely important that one individual or a team of individuals,
1f they are working very closely together, do all of these. 1In other words,
you should not break up the elements.

AUDIENCE: Back to my first question about the assumption that the
person who haa intuition and judgement or lie shouldn't be here.

SPEAKERt 1I'm still not clear at what you're driving. Let me try and
respond another way. I think one of the difficulties in the way we heve
developed our society has to do with the fact that we tend to break problems
into isolated parts and tackle them separately. We have different pecple
designing different elements. Then we try and put them together and in the
process we find they really don't fit together very well because we failed
to take into account the interaction among elements., I think one of the
key messages of the systems approach is that {t's extremely important to
try and tackle all of these steps yourself. You may not be an expert in
some of the areas and it's a very difficult kind of thing to do. But this
ifs why the approach can be very effective, because it forces you to get into
these activities that you're normally not dealing with or perhaps you deal
with them on a very subjective, intuitive level. Quade urges you to be
explicit so that other people can understand your assumptions, your defi-
nitions and the process that you went through in arriving at your design or
your decision about how to set up and organize and manage a system.

AUDIENCE: Does your position differ from the previous presentation
(Nelson Happgerson's) different roles that have to be performed? Are these
systems in conflict with each other? How would you react to the question
that he reacted to right at the end where he was talking about the several
toles that have to be performed?

SPEAKER: I think once you have a svatem In operation there are many,
many activities that need to be performed that don't necessarily call for
individuals with a wholiatic approach. There are manv apecfalized activi-
ties. 1 think it's very essential that a manager of a svatem, depart nent,
or organfzation have a wholistic approach and that as many as possible of
the people within the organization have this approach. But obvioualy there
are many very specialized activities. So I would say there isn't a conflict
in the sense that you only need systems people or vou need manv, many specia-
1ists- -both are needed.
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One of the characteristics of applying a svystems approach is that it
tends to be very frustrating and very threatening to the way pecple are
presently doing things. For example. try to develop a heirarchy of different
kinds of ystems. Banathy does this in his book and it is one good way to
look at it. Imagine that society is a super system and within it there are
smaller systems--governments, educational systems, industry, and so on.

You can also break education out and say education is the super system within
which we have fedeial education proprams, we have job corps, secondary
schools, state departments of education, and so on.

What are the clements In a typical university for example? Each of
these elements are systems within larger systems and one of the things that
the systems approach Is trying to say {s that every {ndividual should be
concerned with what are the goals and ohjectives of the larper super system
within which he 18 embedded. Banathy suggests that the poals and the pro-
cessea and the kinds of inputs and conatralnts on a system, such as education,
all come from n larger super system. Now that may be the case ideally, but
tthink (n practice that really deesn't hold up. Uf you beptn to look at
what goes on fu the Unlverafty and try and take a look at {deal goals,
mayhe they have to do with quality teaching, fnabling "x'" number of students
to somchow {mprove themselves or develop themselves, These tend to be the
fdeal, theoretical, asplration goals. But how about some of the more
renlistic goals that actually operate? 1In many universfties they have to do
with bulldings. We just want a nice looking physical plant. That may be
one of the major goals of the presfdent. Maybe $t {s national acclainm.
Partfcular tndividuals within the university structure have very personal
goals that may conflict with the system's teaching goals, e.g. earning more
money, more time for research. So it 1s {mportant to pay attention to not
only what are the {deal goals of the system but to what is actually occur-
ring at all levels,

I think some of these kinds of ideas and concepts will begin to fell
and be more clear as we contfinue. What 1 would like you to do over lunch
fs begin to struggle with some of this. 1've Rot some nice bright yellow
paper here for vou to do ft on. Use the paper cross-ways, and answer these
four questions: (1) what 1s your position? (briefly deacribe): (2) what s
the {mmediate organization that you are In? (and briefly describe what {t
fa all about); (3) what are the malor snbsyatems, {.e., elements, departments,
components within vour organization, viewing it as a aystem?; and (4) what
ifs the super organization within which your particular organization is
imbedded?

For crample, If vou are a director of research, try and fdentify what
your function ta, vour positfon. If you are head of the research bureau,
what are the clements within this. You may have a computer center, vou
may have a testing service, fleld activity, etc, A larger organization may
be the universaity itsclf. What | am trying to do ls get vou to think ahbout
the concept of systems whithin syatems.

Then for each of these four helrarchal levela, tdentify the most {mpor-
tant objectives or goals. Finally, vhat are the criteria that are used
to mcasure attailnment of these oblectives In each of these four syatem

levels,
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Let's take as an example your being {n charge of registration. Your
objectives have something to do with enabling all students to fill out
their schedule with the courses that they want and enabling the university
and the professors within {t to know who's scheduled in their activities.
One criterfa may have to do with registration efficiency--how much does
ft cost to conduct this operation? Another may be time~-how lotg does
ft take? Another may be how éffective is it in filling up the courses that
are offered. Other criterfa may be how does it handle overloads; i{s it able
to be flexible enough to be able to work around overloads?

Let's take another example. Mavbe your position {8 head of R & D, The
objectives of the R & D function may have to do with bringing in more money
for grants and rcsearch. Maybe that {s the primary goal in this particular
organization, Mayhe {t (8 alse an objective to do high quality research.
Maybe another oblective (8 to expand research In a particular area. if
brinfng In more research monev every year (8 the objective, then maybe the
criteria {a almply some doliar volume or percent fucrease of research, [If
{t fncreases hy 107 every year, vou are mecting vour objectives, 1€ is
only 3 or 4Z, vou haven't done your Job, If the oblective has to do with
expanding .esvarch in different arcas, then the criteria would measure new
arcas of rescarch added.  If vou haven't added any, vou are not meeting your
objectives, Now {f you begin to pet into some of the more nractical kinds
of objectives that are often only (mplicit, and this is where {t gets rather
hafry, maybe vour particular head of the research organization {s only con-
cerncd with himself, so his operational objectives have to do with publishing,
getting on national committees, planning a higher-paying, larger power base
type of Job., 1f that's the real case, then his objectives may really not
coincide with what the university thinks are the objectives of that organi-
zation., I think by struggling through this you'll begin to get an idea
of how the approach tends to force you to think and examine very fundamental
questions that may have been ignored. This afternoon, 1 think we can get
together in smaller proups and try and take a look at what some of these
responses are. Don't feel you have to put your name on it unless you want
to.

This afternoon 1've got a prepared preaentation that may help to pull
together some of the pieces, What f've tried to do here, in just this
half hour {s to throw ocut a few of some of the essential {deas to pet you
to bepin thinking about this,

Figure la
SYSTEMS CONCEPTS

1. A system is a set of parts that work topether to achieve the overall
objectives of the whole system,

2. Every system is embedded in a larger context or environment,

3. Constraints are factors in the environment which affect the system and
over which the aystem has little or no control.
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4. Systems employ feedback--a sensing of the system's output; a comparison
of this output with system objectives; and initiation of corrective
measures to bring actual output closer to desired output.

5. There are interrelationships among components in a system, between
systems and the environment, between systems and other systewm3, and
there are processes of change occurring within and outside the system,
The systems scientist, designer, or manager must be sensitive to all
of these elements, interrelationships, and processes, and attempt to
understand them.

6. There are many strategles and approaches for analyzing, designing,
and Improving systems. FEach has {ts advocates: all are appropriate
in different sltuations,

a. Vislonary strategy

1} ldentify ultimate objectives, where you want to end up in the
{deal state; forgetting about existing methods, standards
and traditions.

2) besign the system processes, elements and tnteractions to achieve
the {deal syatem,

l}) Determine what the situation is now, what resources are available,
what constraints exist.

4) Map out ways to get from the now state to the desired ideal syster.
This approach is useful for breaking out of ruts, of leaping
out of traidional thought patterns. llowever, it tends to reinforce
the notion there is an ideal, a perfect system, and it often turns
out the system designed in this way if far from ideal because of
unanticipated changes in the environment or in system goals,

b. Evolutionary approach

1) Identify system performance objectives

2) bevelop performance criteria and waya of measuring system per-
formance

3) Medify elements of cxisting system to improve performance

Thia approacih recognizes that we may not know enough to develop an
ideal system, hence focuses on really understanding our objectives and
system goals, anda improving syatem performance through continual evolu-
tionary change,

Figure 1b
TUE SYSTEMS APPROACH

The systems approach §s an attitude, a state of mind rather than a bag

of techniques. 1t demands holistic thinking, ratfonality with recognition
of frratfonality and uncertalnty, intellectual honesty, large doses of the
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scientific method, and above all, a continual stream of questions: Why?
What for? T8 there any other way? To what end? What 1f?

It is not a really new approach. There have always been holistic
thinkers of this type and mode of working, but it is becoming more refined
and clarified as a process and a discipline, more powerful as nev tools and
techniques are developed, and many more people are now adopting the systens
view,

Quade's defintelon of systems analysis conveys much of the essence. lle
18 deseribing systems annlyals, which {s Just onc aspect of the systems
approach, but {t Ia a key aspect,

A systems analysis s an analytic study designed to help a
deeislonmaker ldentify a preferred choice among possible alterna-
tives. It I8 characterized by a systematic and rational approach,
with assumptions made explicit, objectives and criteria clearly
defined, and alternative courses of action compared in the light
of their possible consequences. An effort is made to use quanti-
tative methods, but computers are not essential, What {s essential
is a model that enables expert intuftion and judgement to be
applied efficiently. The method provides its answer bv processes
that are accessible to critical examination, capable of dupli-
cation by others, and, more or less, readily modified as new
information bocomes avallahle,

Characterlatically, {t will fuvolve a systematic fnvestipation of
the decfslonmaker's objectives and of the relevant criterial a compari-
son--quant {tati e Insofar as possfble--of the cost, effectiveness, risk,
and timing assoclated with cach alternative pollevy or atratepy for
achieving the objectives; and an attempt to desfgn hetter alternatives
and gelect othier goals {f thosc cxamined are found wanting.*

Figure lc¢

KEY ACTIVITIES IN THE SYSTEMS ANALYSIS AND DESIGN PROCESS

1. Define and bound the problem(s)

This will change as one goes through the process and really begins to
understand the problem. lever accept blindly the problem as given.

2. Identify constraints on the problem and the problem-selving process

Don't tot constrainta fahithit creativity or unduly box vou in. Vart
of the proceas 1a to deternlne whether the constraints are valid or
whether they can be clircimventad,

- ama il e it

*E.S. tuade, Systons Analysis Techniques for Planning-Vrosrameing-
Budgeting, The KAND Corporation, Santa Honfca, 1466 (ADK29564) pp 11
and 28,
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Identify objectives

There is usually a hierarchy. Which are most important, which
confllct, thus calling for a tradeoff analysis?

Identify criteria for measuring attainment of objectives and
evaluating system performance

Clearly state assumptions and values that are operative. Be sure
you know how to measure system performance, This {s the most
neglected activity and the most important not to omit.

Create alternative solutions

Creative, divergent thinking is crucfal here, so don't analyze at
this point, stay open to wild, imaginative alternatives.

Analyze and evaluate alternative solutions apainst criteria

bo this explicitly so that others can follow your analysis.
Presentinp several altcrnatives, cven when one is clearly
preferred, brings all decisfon-imakers into the process you went
through, and often elicits new and relevant information that

will alter the analysis.

Communicate results of activities 1 through 6 to clients, decision-
makers, and the total system team

All involved should understand the overall process and should
understand the rationale for a particular choice or decision.

Cycle through activities 1 through 7 as often as necessary

The order is not crucial, for the whole process should be repeated
many times becausc each activity interacts with all others. Fach
iteration of the process may alter the problem definition and the

objectives.

Figure 1d
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Figure le

Abbreviated i'rospectus

Tagsk Force on General Systems bHducation
Soclety for General Systems Research

Identification

The ask Force on tGeneral Systems CGducation 15 the education
committee of the Svclety for teneral Systems Rewmeaveh.  The ciphty
mombers of this standtng committee represent a wide varfety of
cducational, povernmental, industrial and military institutfons [rom
coast to coast, and most of the traditional academic subject areas
(broadly conceived) as well as the various systems groups, including
those in cybernetics, operations research, same theory, simulation
modeling, and optimization theory.

The Society for General Systems Research is the only professional
soclety devoted solely to exploration of the systems concept as applicd
to all fields of thought. The special emphasis of the Society is on
developing interdisciplinary, isomorphic models each of which orpanicallv
synthesizes several arcas of knowledpe. This non- profit, non-partisan
agency evolved out of Section L (lifstory and Philosophy of Science) of
the American Association for the Agvan(ement of Science in 1955,

Purpose

’

The rmeneral purpose of the HGSR Task Force 1s to cooperate with
other systems proups in an effort to promote t the peneral systems approach
wherever appropriate in education pouerallv, from kindergarten through
praduate school in formal education, and in varied aspects of industrial,
military, povernmental, and adult education. The top priority of the Task
Force for the next three years is generating promotional strategies,
developmental models, innovative materials, and other prerequisites to
success in simplifying, synthesizing and vitalizing educational curriculums
in all fields and at all lievels.

Procedure

The first major step will be to develop an operational, peneral
systems paradipgm or model for functionally unifying progressively more
facets of the socinl and natural sciences and humanities, based on a
nota-languape which will provide a common orientation to all fields,

As a means of developing and implemeating currfculums which will be
baged on this peueral paradipm, the Task Force will eacourage the
development of a national -- ultimately an international -- network of
fnstitutes and centers for peneral syatems cducation, each with its own
cmphasis or focal point.
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For further information, write Task Force Chafrman, Jere W. Clark,
Center for Interdisciplinary Creativity, Southern Connecticut State
College, 501 Crescent Street, New Haven, Connecticut 06515. Phone:
(203) 387-6661.,

SYSTEMS: CONTEXT, THEORY AND CONCEPTS

In the next four days you will be exploring specific tools and techniques
which have evolved in the systems domain. 1 believe you and our educational
process can benefit by understanding and judiciously applying these techni-
ques,  But ['m deeply concerned abount how, by whom, and to what ends these
teclmiques arc applied. | also have some biases that will become apparent
as we procced; biases which may cause you to think 1'm anti-systems-approach,
Perhaps T am at this point--in some rcapects.

What [ want to do today is provide you a framework, a contextual map,
to llelp you to begin the process of absorbing, understanding, and evaluating
all that you hear and see and feel in your forthcoming exploration into the
systems domzin. It's an exciting domain--a young, bra-ling, but rigorous
domain that desperately needs capable people and high quality work, parti-
cularly in the field of education. 1 hope you're turned on by the challenge
of really trying to understand the systems approach and applying it in your
respective fields in education.

First 1'd like to identify three major movements that have been per-
colating in the systems domain over the past 25 years. One is a military
aerospace systems development process; another is general systems reseaich;
and the third is the popularlzation of systems concepts, techriques and
jargon, Second, I'1ll try to characterize some of the viable concepts emerging
from the first two movements and [dentify some of the major problems associated
with the thira. Finally, 1't1l highlight what t see happening as a result
of these three movements, what some of the implications are, and the lessons
learned.

CONIEXT: ‘Three Movements in the Systems Domaln

Of these three movements in the systems domain the military-aerospace
systems development activity is the oldest, beginning about 1945, and com-
mands by far the greatest human and economic resources. Serious research
into general systems theory, the second domain, became organized about
1955 and has continues primarily as an interdisciplinary academically-
oriented activity. The popularization and widespread diffusion of systems
concepts began roughly five years ago.

Military-Acrospace System Development Pyg;ess'

1 want to devote some time to this (irst movemeat, the military-
aerospacs systems development process, because it Is out of this context
that many ef the management tools have evolved that you're going to be

Thefense System Resources
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hearing about, And I think 1t's important to recognize what the context
was and what their particular needs and requirements were, The military
aerospace systems development process had its origins in the second world
war when :clentific and quantitative methods began to be applied to the
resolution of tactical problems and the improvement of existing ‘reapon
systems, The process began as operations research, analysis of vperational
tasks and exverience to develop better operating procedures, The systems
approach evolvred from these efforts, fosterad Ly the renarkably sudden
growth in complexity and uncertainty in military decisicn making. This
uncectainty stemmed fiom the technological revolution in weapons during
and after W. W, 1. The d(ff(cuff;_ﬂfﬁﬁmkng declsalons pgrew as the com-
plexity, sophistication, and scope of wmilitary weapons systems mushroomed,

The stressful consltlong that helped create a need for the svstems
approach Include: (1) [lttie expertonce with rnew weapons, dellivery
systems and associated technolopy, partfeularly trom the standpolnt of
getting wlidoly dispersed and very d-flfoerent systems o work toward a
common goal; (2) the difficulty of experimenting with and testing strategic
wenpons In a rea!l environment. ‘This forced system planners to begin to
develop simulation techniques; (3) the technological complexity of weapons
systems grew very rapldly; (4) managing the development, procurem nt, and
maintenance of globe-spanning systems became more difficult; (5) heavy time
pressures percelved because of extermal threats and internally generated
fears.

Some of the factors that enabled us te achieve our present state oJ
technological sophistication in military-acrospace systems were: (1) the
hierarctiical nature of the military establishment--a tight, almost dicta-
torial organization, With this kind of single-customer, high-level controt,
the military was able to make lonp-term program commitments., (2) A strong
national commitment of our nation's resources to military superiority, with
roughly one-half of our federal budget spent on mllitary activities.

(3) The tangible, physicel nature of most military systems and thelr
environment; that is, they were dealing wich fairlv quantifiable functions
and performance requirements that obeyed relatively wel! «nown laws of
physics.

At this polint, 1 would like to ask each of you a question and have
you inull {t over. How do these five stressful conditions and three
factors that influenced the military aerospace systems development process
compare with the situation presently facing education? Are there any
similarities? Are there any differences? How do the two contexts differ,
or how are they similar?

Now, what is the culmination of this 25-year process? We have achieved
some fantastle technological feats and also superlative organizational
achfevements that have culminated in 1iterally rcaching the moen. But
remember the essenlially physical nature of the media and the conditions
under which these results were aclhiieved,

Yet, perhaps wmore luportant than the physical hardware results of the
military acrospace systems development process are two other aspects:
(1) the {ufrastracture that enabled these results to be achieved and

(2) the presenl state of the system development infrastructure capability.
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By infrastructure 1 mean the people, the organizations, the technology
the major firms and the tiers of subcontractors and suppliers underneath
them, the computerized information systems, the research institutes, the
"think" tanks--in short, the massive military-industrial complex itself,
Does education have a similar infrastructure, and what are the similarities
and differences in the economic context within which these two infrastructures
operate? Kenneth Boulding suggests that education operates essentially in
a "grants economy" rather than an exchange economy with money for education
being granted by many sources, public and private.2 The military aerospace
activity operates on almost a fiat economy run by a high-level, single
customer, What does this Imply?

State-ol-the System Development Process

The systems development process refers to the kinds of activities and
interactions witich typlecally occur over time when applving the systems
approach to concelve, developm and tmplement an aerospace system, If the
system is large, complex and costly, such as the Polarls system or the
supersonic trangport, the process spans many years and It {s difficult
to characterize in a simple I[llustration; but by looking at three dimensions
of this process, the essential relationships may be s-en 1f while you're
doing this you can visualize all three dimensfons supc.simposed and inter-

acting,

Horizonggl Dimension

The horizontal dimension characterizes the activities which occur over
time during the development of an aerospace system, Figure 2 attempts to
11lustrate the process by identifylng major phases, thelr sequence, and their
typical duration relative to the total system cycle. The process begins
with some combinatlon of strateglc policy analysis or broad conceptual
studies that 1dentify a need, requirement, or general problem. This
activity is usually performed within the Department of Defenst or by one
of the "think" tanks (e. g. RAND, RAC, IDA) and [s an ongoing activity. Tt
typically results in a request for proposal (RFP') te have one or more defense
contractors formulate and define the concepts in more decail. From this
point on the process is performed largely by defense firms, although this
whole development process involves both the customer and the military
contractor in a continuing interaction.

Figure 2 identifies six more or less distinct activities which are
performed sequentially: concept-definfition studies; operational systems
design and analysis; system engineering and development; production, test,
and ingtallation; and finally, system operation and maintenance, The
seventh activity, program management spans the last five and is performed
Joiutly by some combination of defease firms, the specialized coutractors,
and project or program officers in the military customer agency,

2Kennethy Boulding, "l'he Economfcs and Financing of Technology {n
Education: Some Observatlons,"” Planning for Effective Util{zatlon of
Technology In Hducation, neplgnlng Tducation for the Future: An Bight-
State Project. 1968, pp. 367-372,
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FIG.2 SYSTEM DEVELOPMENT PROCESS
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In recent years on of the lessons that the military has learned is
that this program management activity should be conducted in large part
by the customer. Prior to this they had left most of this to the defense

industry contractor.

The linear sequence of activities in Figure 2 is misleading in that
it falls to show the iterative nature of the process, Even the conceptual
system analyst 1s concerned with operational questions: What will be the
real operating environment? How will the system be maintained--~by whon,
wlth what tools and skills? The recalization by the military that the
operation and malntenance of a complex system could cost more in dollars
and problems than the {nltial syatem purchase cost contributed much to the
development of the systems approach, For the approach demands that
throughout the deslgn and development process one pay attentlon to how
well the total system In Lts oparating environment wtll meet clearly
defined poals, 'Thus, while this process looks liunear, {t is really a
circular kind of activity contlnually repeatiug through progressively
more detalled cycles,

The defense system development process, as it has evolved, now consists
roughly of the three phases shown in Figure 2: concept definition; program
definition; and system implementation. This process might span five to
ten years in a typical system development process with the first phase
taking roughly one unit of time, the second three units, and the third ten
units. In terms of the resources used--the men, materials and money
required--1t is roughly on the order of one unit for the first phase,
twenty for the second, and perhaps a thousand for thie third. At the end
of each phiase there is a major decislon point, The concept definition
studies, for example, have defined the concept in some detail, they've
given the customer an idea of whether it is feasible to develop the system,
and if so, what it might look like, what are some alternatives, how much
each might cost, At this point the customer has to decide whether to
continue. If so, he sends out additfonal requests for further develop-
mental work. ‘ypically, the concept definftlon studles arce done hy anywherc
from two to four contractors working In parallel. They are not necessarily
working together; In fact, they are usually competing., The military
typically takes the best of this effort, pulls {t together, and develops a
much more refined concept and then sends that out for bid for further develop-
ment. So again the emphasis here is on the fact that it is a continuing
interactional process.

The tools and techniques you'll hear about in the next few days are
largely an outgrowth of what has happened in the program management
activity, plus the policy analysis activity which kicks off the process
in Figure 1, PERT (Program Fvaluation Review Technique) is a program
management technique that helps in Identifyiug and scheduling detailed
activities within a system, while PPBS (Program Planning and Budgeting
Systems) which evalved at high levels of program management within the
Burcau of the Budget, within RAND, aud within high levels of DN, is more
concerned with overall polley analysis, the setting of objectives, and
Lhe comparison of budgetiug activitics,

Vertical bimeasion

Another dimenston of tihe systuem development process is the vertical
interaction of customer and contractors, and among, the many systems under
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developaent with basic research, as illustrated in Figure 3. This illustra-
tion shows only the major kinds of interactions, not the enormous variety
that exists., It also helps to characterize one portion of the infrastructure
mentioned earlier. At the top is the defense customer who is involved
primarily in the concept analysis, major decisions, and in the overall
management process. The defense customer includes the three seivices--

the army, navy, and air force--and the 'think" tanks which typically are
very closely tied with DOD, The second band represents the many systems
under simultancous development by a variety of contractors with each system
going through the process {llustrated In Figure 2. Below the major defense
contractors are a host of large and small subcontractors, many of whom are
primarily commercial fFirms. Finally, the fourth activity {nvolves basie
research and development that (nctudes the universities, the "think" tanks,
the defense firms themselves with their R and D activity, plus many com-
mercial firms., The activity represented in the two lower bands, the R

and D plus the first and second tier subcontractors, does not generally
involve systems work, That 1is, the people performing these activities need
not be systems people, Rather they are specialized scientistsor producers
of goods and services performing specific and discrete functions. Yet these
specific non-system activities and the money to pay for them are an out-
growth of the system development process and the management of these '"non-
system" activities is part of the system manager's job, Thus most of the
people with systems skills are found in tlie upper two bands: within DOD,
the "think"tanks, and the major aerospace firms, although this is actually
becoming less and less true as systems people diffuse into all levels and
organizations in the society.

Hierarchical Dimension

The fact that there is a hierarchicy of overlapping and interacting
systems is obvious, but because 1s 1is so obvious it is sometimes ignored.
Unfortunately, there are no commonly used descriptors which indicate
whether an individual or an organization possesses system capabilities
at a macro level or a micro level or somewhere in between. I think it is
important to ask yourself at what hierarchical level in the education
domain your interests lie, The broader and longer the term, your concern,
I think the more important will be the PPBS concepts and what's going on
in geheral systems research which I'l1 get into later., The more here and
now oriented your concern, the more useful may be some of the specific
management tools and techniques such as PERT,

The three dimensional slices of the systems development process--
horizontally over time, the vertical relationships, and the hierarchical
di(ferences--hopefully have given you a sensitivity to the complex and
varied nature of the military aerospace systems development process, It's
important to note this ls a very dynamic process: it's continually
changing, continually evolving new forms, new techniques, new tools,

To give yon a feel for the scale of the systems efforts which aero-
space firms are accustomed to, ['d like to show three charts which were
contained in a report by the lLockheed Corporation in a study they did for
the State of California, Back in 1964, Lockheed was given a small
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six-month, $100,000 contract to study the information needs of the State
of California, These graphas, taken from their final report, illustrate
the kind of prugram that Lockheed felt the State needed to develop a
statewide federated information system, Lockheed proposed a hundred
million dollar, ten-year development program just to cover the cevelop-
ment stage. Figure 4 shows manpower distribution by year. At tae peak
it reaches almost 300 people, with heavy emphasis on the systems and
operations analyst category. It gives you a feel for the scope, the
size, and the distribution of talent and manpower,

Another chart from this same study (Figure 5) shows cumulative program
cost by years, while a third chart (Figure 0) shows the cost by years and
category, Aerospace systems people are accustomed to thinking in terms of
long-range, often complex and usually very costly, large-scale systems,
California has initiated the development of a statewide federated informa-
tion system, but at a much lower expenditure and at a much lower rate
than was recommended by Lockheed,

Another way to look at the scale of this process and the extent of
national resources committed to it is compare R & D expenditures for
military goods vs, civilian goods. American industry spends "7,50 for
every $100 of civilian manufacturlng out, while POD spends $54 on every
$100 of military procurement,3

The systems management techniques you will hear about in the next few
days have evolved throughout this twenty-five year process, within the
context of a military-industrial complex, by specific kinds of people,
to meet specific technological needs, and to solve particular kinds of
problems, I think you can benefit from developments in this domain, but
I believe there are major differences between that context and the educa-
tional realm. I urge you to be cautious in using people, techniques, and
knowledge from that realm in your realm, Despite truly amazing technological
and organizational accomplishments, the military aerospace realm has had
many failures and faces many tough problems, and the total process has
exacted an enormous price in human and physical resources,

That all is not rosy in this military systems domain is made clear in
an article by Robert A, Frosch, Assistant Secretary of the Navy, in an
article appearing in the September 1969 issue of IEEE Spectrum entitled
YA New Look at Systems Engineering.'" He clearly states a concern that
I have:

"I believe that the fundamental difficulty is that we
have all become so entranced with the technique that we think
entirely in terms of procedures, systems, mi{lestone charts,
PERT diagrams, reliability systems, configuration management,
maintainabillity groups, and other minor paper tools of the
systems engineer and manager. We have forgotten that someone
must be in control and must exercise his management, his
knowledge, and his understanding to create a system, As

3Science, Vol. 166, 28 November, 1969, p. 1124,
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a result we have developments that follow all the rules,
but merely fail, "

Another gquotation from Frosch highlights a second key problem area.
He says:

"One of the key mis-assumptions in modern systems engineering
and systems analysis is that the total problem can, and frequently
fs, decomposed fnto subproblems; the subproblems can be solved
more or less Independently, and the total solution can be
syntheslzed by a combinatfon of the subsolutions, treating
their interactions of the parts as 'Interfaces.' The real

world 1s, however, highly nonlincar, and unless real attention
is paid to this fact, the lincar decomposition treatment will
fail catastrophically, because the interaction terms may be as
large as the subproblems and not reducible to simple interfacts,
The result may well remain decomposed.'4

What Frosch is advocating here is the need for a more holistic approach,
and this is a major theme for those involved in general systems research.

General Systems Research

This second major movement in the systems domain, peneral systems
research, has been under way since about 1955, Men line Bertalanffy,
Rapoport, and Keanetlt Boulding have heen struggling to develop a theo-
retical framework applicable to all types of systems--a gpeneral systems
theory that would apply in biology, mechanfcs, or sociology. They
believe that there are laws, princivles, and models which apply to penera-
1{zed behavior systems irrespective of the particular goal of the system
or the nature of {ts parts. General systems research dclves {nto systems
as wholes and how to deal with them-~the general analysis of organiza-
tion, the interrelations among parts, the lnteraction between g aystem and
{ts environment, the nature of feedback of goal-seeking behavior, of
self-direction, the mechanics of control, and the continual evelution of
structure in complex, adaptive systenms,

Norbert Wener's work in cybernetics plus the fundamental contributions
of Shannon and others in Communication theory are vital parts of this
movement, for the emergence of this second rovement, in Walter Buckley's
phraseology: 'marks a transition from & concern for eternal substance
and tlhie dynamics of energy transformation to a focus on organization
and its d§namics based on the triggering effects of Information trans-
missfon."” In essence this movement has made us aware that the whole
{s somethlng more than just the sum of its parts and that crucial to the
whole {8 the organlzation of {ts parts and thelr dvaamic Interaction,

L-—.—- —_— S Ew——

dpobert A, Frosclt, "A New Look at Systems Enpincering,’
Vol. 6, No. 9, Septenber, 1969, pp. 24-28,

Swalter Buckley, Soclology and Modern Systems lheory, Prentice-~lall,
Englewood Cliffs, N, J., 156;. "
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1 personally feel that education should become more familiar with the work
in the general systems area for I think some of education's rost funda-
mental problems have to do with {ts inability to function as an adaptive
total system.

You have in your packet several papers, one by Ross Ashby, who's done
a good deal of work in general systems area. Another is called "A Survey
of General Systems Theory" by 0. R, Young, This appeared in the 1964
yearbook of the Society for General Systems Research. Young's article
is not a summary of principles and concepts, rather its value lies in that
{t helps to identify the kinds of concepts being developed to describe,
explain, and predict the behavior of a general system, and to fdentify some
of the key people working In the ficld, Tt (s an interesting survey fin
that {t presents an author-concept matrix which relates each of the 39
authors covered to the relevant concepts (out of a total of 36} which each
author has emploved fa bis writings, Hils survey confirms the synthetfc
and interdisciplinary nature of peneral systems research, for the 19 authors
he includes tn hils survey represent MU different disciplines--biology,
enpincering, psychiatry, soclotopy, polittcal science, mathematics, com-
minications theory, economics, mathematical blolopy, psycholopy, and philo-
sophy. But no educatuors,

I think it is important to note that within this broad interdisciplinary
movement tliere are many different interest areas (in addition to discipline~
related areas). One involves the scarch for general principles and theo-
retical models: the other Interest area has to do with applving these prin-
ciples to the real world. An fllustration of the first interest area is a
paper presented by Marny and Smith called "The Domain of Adaptive Systems:

A Rudimentary Taxonomy." It appeared In the 1964 yearbook of the General
Systems Research Society. 1t is an attempt to begin to understand and
develop explanatory models of some hierarchical ways of classifyinp and
organizing systems, 1 think this kind of approach is more of interest to
the theoretical, academically-oriented person, althouph a quick run through
of Lt can very often give you a new perspective vo how vou look at systems,

A more familfar fllustration of the search for theorctical nmadels
might he Guilford's structure-of-the-{ntellect model. CGuilford is trying
to develop a model of man's inteliect based on a three-dimensional matrix
that has major operations on one axis, major products being dealt with
on another, and the contents on a third asix, as shown in Figure 7. If {t
an effective theoretical model in efther the explanatory or predictive
sense, it can be a very powerful tool.

Another {llustration of some of the work poing on in feneral systems
area 1s a paper from the 1962 yeatbook of the Society for Gencral Systems
Research by Warren Bennis called “"Toward a Truly Scientific Management:
The Concept of Organizatfonal Health."” Essentially what Bennis {s doing
here 18 trying to develop criteria for measuring the effectiveness, the
health, the vitality of an organlzatfon in terms of psychologically~
orlented criteria rather than the more traditlenal efflicfenty-related
criteria. The kinds of ctiterta Rennls proposcs have ta do with adanta-
bility, developiog self-tldentity, and realfty-testing,
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What are the education functions you are involved with, what are the
major goals associated with your activities, and what are the effective-
ness criteria with which to measure goal attainment?

Another example of the kind of work going on the general systems area
is a paper by Harold Cassidy entitled ''The Univeristy Community System:
Self-Regulated Bearer of Meaning,: which appeared {n the 1966 yearbook of
the Society for General Systems Research, His figures convey a rather
holistic view of what a university is and what it i1s all about. First,
he defines two subsets, sciences and humanities, as the relavant activities
of people who gather together in departments of the university, as shown
fn Figure 8. lle suggests this Is one way to look at the university, and
there see to be some useful patterns emerging from the model, The sciences
on the right, clockwise from the very hard sciences into mathematics, which
1s {n a sense a sclentific language, a method of cummun{cating, that is
very close to logic and lingufstics. Cassidy sees mathematics and history
as bridging disciplines between the sciences and the humanities. Caseidy
{s suggesting that two disciplines which are close topether have more
connection or relatienship than two which are opposite on his model. lle
{3 not trying to say anything is above or below anything else.

Amplifying on that is Cassidy's model, The Sphere of Knowledge and
Experience, shown in Figure 9, Assume this is a sphere with the various
subject disciplines that were on Figure 8 placed around the equator, the
humanities on cne side and sciences on the other. Cassidy suggests that
the philosophies tend to be integrative, synthesizing sorts of activities
that draw on all of the disciplines. The technologies at the bottom are
also integrative, syanthetic }.nds of activties. They again draw on all
disciplines to apply what is learned in a very practical sense. All of
the disciplines actually go through the synthesis, data gathering, and
application to practice, but there is a different emphasis depending on
whether you are at the top or the bottom of the sphere and that around
the circumference there tends to be a difference in enphasis {in terms
of wh-ther they deal primarily with metaphor and analogy as they do in
the humanitiea or whether they deal more in a measural le sense of using
ratios, physical measurements.

Now one of the thoughts 1 had was could vou take a model such as
Cassidy's here and combine it in some way with Gilford's concept of the
structure of the intellect and develop a very different way of looki-p
at what goes on in the university, perhaps in 3-D, like Will Burton's
walk through living cells models for the medical profession. [In other
words, 1f an incoming student is interest in Imporving his ability for
divergent thinking or convergent or whatever mosaid of intellectual acti-
vities he 1s most interested in, can you somehow direct him thorugh a program
that focuses on those intellectual activities rather than focuses on disci-
plines as such? Essentially behind Casaidy's model is the notion that
there really are no divisions between subjects. There shouldn't be any
departmental organizations., 1t's one cperation, one kind of process poing
on. But unfortunately to talk about them and to deal with the elenenta
you have to describe them as if they are separate subjects,
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I've tried to give vou a brief flaver, and 1t is Just a flavoy, of
what's going on in general systenms researchi.  he paper vou have o veor
handout by W, Ross Ashby {s a more in depth introduction to this domaln,
It is a very different kind of a movement than the military acrospace
systems development process, and later on I'll try te get {nto some of the
specific concepts that have emerged from general systems research.

Popularization of Systems Concepts

The third domain I ¢all the popularization of system concepts. I
really don't think I need to dwell on ft. U thiuk you're famtliar with
its emergence fn the last five years and probably in part because of it
you decfded that 1t was fmportant to come to this training session. 1
have a leeling that many of vou feel uncasy about where education Is going,
and you look toward the newly emergent systems cxpert as the Moses who
will lead you out of bondage into the promised land. 1 hope to dissuade
you of that. Mosc of vou have probably been borbarded and hopefully
already disillusioned by the claims of the teaching machine merchants
who bandy the jargon of systems and sophisticated technology. You've run
into computer experts and software specialists who plied you with hardware
and programs that promised to vesolve the scheduling problem or sinplify
your administrative responsibi. ties, And 1 think Iin many cases in a very
narrow seunse they can simplify and help your operations, but in a more
fundamental sense they can make it much more difficult. I hope we can pet
into that a little later too.

Much of this popularization has reaily benefited education, but I'm
concerned about the emphasis, U1'm afraid there {8 too much focus on
technique and not enough attention paid to fundamental problems that must
be resolved before the techniques can be of real use In furthering educa-
tion's poals. Unfortunately, many of these superficial techniques tend
to make your organizat{on less ahle to change.

Systems Theory and Concepts

Now let me go on to the second major section--system theory and con-
cepts. The urganization and content of this section draws heavily on
Walter Buckley's very excellent synthesis in his book Sociolopy and codern
Systems Theory. Buckley feels that modern systems theory, though a
seeming offspring of the postwar era, i3 the culmination of a broad 200-
year shift in scientific perspective from concern fer inherent substance,
qualities and properties, to a central focus on principles of organization
per se. The physiclopist, de 1a Mettrie, in 1747 was one of the first to
propose a resolution of the age-old ditemma: 1f man 18 composed of
essentially the same mechanics], insensible raw material as brute animals
and even {nanimate earth, whence man's consclousness, his thinking and
feeling? e 1a Mettrie suggested: 'Matter was in itself nefther oreante
nor fnorganic, nefther living nor dead, neither senstble nor insensible.
The difference between these states or propertics af material things sprang,
not from the {ntrinalc natures of thelr raw materlals, but from the doff-
ferent ways tn vhiich thicse matetials were orpanized."”

ERIC 5
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More recently men like Whitelicad have recognized that the growing
problems or organized complexity could not be adequately treated by the
classical physics approach. The required approach lay rather in the
organic holism of bifology whose procedur2s emphasize more strongly than
physics, (1) the teleological or causative explanation, and (2) clas-
sification and categorization. Modern systems theory, through cybernetics,
has applied physical laws and principles in the construction of networks
or caussl relations, including closed-loop feedbacks to give respectability
to the teleological approach; and through tyvpology, the taxonomic branch
of mathematics which Is qualitative rather than quantitative, has enabled
descriptlion of complex behavior systems, These two conceptual tools,
cybernetics and typology, along with decislon theory, are at the founda-
tion of that hranch of science which deals with organized complexitv;
that {8, organizaticn theory. The modern systems approach aifms to replace
the older, analytic, atomic lLaplacian technique with a more holistic
orientation to the problem of complex organization. 1In the view of W, Ross
Ashby, the centuries-old strategy of varying one factor {3 now of use only
when the system is fairly simple. The way not to approach a complex
system, Ashby says, '. . . is by analysis, for this process gives us only
a vast number of separate parts or items of information, the results of whose
interactions no one can predict. If we take such a system to pleces, we find
we cannot reassemble ft."

CONCEPT 1: Types of Systems

Figure 10 identifies three fundamental kinds of systems characterized
by Buckley: (1) mechanfcal or equilibrium systems, (2) organismic or
homeostatic systems, and (3) process or adaptive or soclio-cultural systems.
The vertical axis represents level or organization., One extreme implies
complete disorder, chaos, things not working together, while in the upper
extreme, things would be functioning in a very coordinated, tightly con-
trolled, organized manner. The horizontal axis represents environmental
disturbances outside the system, remembering that every system is embedded
within a larger environment. The equflibrium model tends to exist at a
fairly low-level of organization. 1t can operate only within fairly narrow
1imits of environmental disturbance and it tends to decrease in level or
organization over time, f.e., it tends to decay, to decompose, to go into
disarray. A mechanical clock s an example of an equilibrium system,

It tends to achieve a certain equilibrium level of operation, If {t's
wound, it will continue to operate, but only within very narrow limits,
and without the proper environmental disturbance (winding) it stops--its
equilidbrium point.

The thitd general type of system Buckley calls process or adaptive
systems, This type includes the self-directing kind of system that is
typical of human organization, and is the one 1 think we're most interested
in. Typically, this kind of system depends on the interaction with the
environment. 1t {s continually changing; It is continually increasing its
level of organization. Man ia the anti-entropic force in natute {f you
conatder entropy as the tendenty for natural and manmade systems to decay
and decompose. Man tends to provide a force {n the oppoaite direction by
organiging things {n a way 80 that more and more complex structure i8 evolved,

abot
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The adaptive type system depends on disturbances and variety in the
environment, There is continual chanpe in the nature of the system
itself and also a continual evoluation of more and more complex forms
of systems, The cvolution from microbes through fish, plants, animals,
to man {s one example of this adaptive process. Typifcally, a hcalthy
organization will go through this process also. It starts small and is
relatively flexible. As it prows, it develops more complex forms. But
too often, as it grows, it loses its self-adaptive ability, and becores
tied to rigid and fuflexible pelicles. This is an {mportnat way fn which
to assess your own organization: {s {t really operating as a process, or
adaptive system model that is continually growing, expanding, and develop-
ing higher levels of organization, or is it stuck In a rut?

CONCEPT 2: Slmple to Camplex

The nature of the parts or components in these three kinds of systems
tend to be very different, In a mechanical svatem the parts are tvpically
relatively simple I[n their own structure. They are stable and not appre-
clably or permanently affected by being part of the system, By contrast,
as we proceed up through the oreanic and soclo-cultural levels, the compo-
nents within these systems tend to become much rore complex in their
own organlzation, more and more unstable or susceptible to change by smatl
forces, and more fundamentally alterable by the workings of the system of
which they are a part,

CONCEPT 3: Systemic Relations: FEnerpy Links to Informatien [.inks

The nature of the relations among components varies importantly for
different types of systems, Interrclations tend to be simple, narrowlv
restricted, and with few deprees of freedom in mechanical systems where
the structure is ripid. The relation among components in the equilibrium
model tends to be a function of space and time and the transmission of
physical energy from one part to another with these cnerpgy exchanges fol-
lowing well-understood quanitfiable lawe, In the organic ard socfo-
cultural systems, the relations of parts become more flexible with more
degrees of freedom and the structure more flutd. Furthermore, the rela-
tionships depend more and more on the transmission of information rather
than energy. There i{s stfll a transfer of energy, but the energy carrier
is less important than the information. This {3 a very fundamental
point and must be clearly understood. 1f two of us stand facing each
other and 1 push you, you're going to move. This phystcal interaction
exenplifics the mechanical model, 1've set you off balance and vou lose
your equilibrium, you fall down. If instead, 1 ask you a question and sav
"what {s your name?”, you understand, vou pet the message, you respond by
answering the question. But you get something much rore than just the
acoustic encrgy falling on vour ear., 1f 1 {nstead spoke In Hindl, and safl-
“Ap ka nam kia hai?", 1 dare say you would not get the message cven though
the acoustic energy is the same, and the question is the same, but now the
understanding 18 not there,

So, there is a vety fundamental difference {n the way systems opbrrate
when in one casc thiey rely more on phusical encrey Interactions compared to
the sfutat{on where they rcly on informatlion transfer. Thus Information
Is not a substance or a concrete entity, but ratler a relattonship between
sender and receiver whio have a common mapping of structure, in this case
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the English languaage. Informpation {un this scose can he o tremendous amplt-
f¥er of energy, disobeving all laws of physles, oo real scuse Diboren
tion then can reprecent structure or orpanization and thas presevve
transmit it over space and time, and change it. The evolution of levels
leading up to the socio-cultural system show greater and greater dependence
on indirect, arbitrary or symbolic communication linkage of components and
less and less on substantive and energy linkapes until at the socio-

cul tural level the systen 1s 1tnked n]noqt entirely by convontionn]izod

structure 4110I1 as lq found at (11;‘1ni °n1lc lO\'O|

To relate this concept to what vour direct Interests are, 1 think
many ol our present notioas of efflclency, of measuring performance, of
designing and orpanizlng systews or departments are based on the tradition
of dealing In physical concepts, tu energy transfer, Iondustry, and too
often education, tead to neasure performance by the number of goods pro-
duced, the cost per man hour, the overall efficiency of what it Is doing.
The socio-cultural type systen demands different kinds of evaluative criteria
than the wechanical type system which relies on cnerpy transfer, the socio-
cultural system uneeds tlie kind of information-oriented criteria typified by
Bennis earlier in this paper.

CONCEPT 4: From Closed to Open Systems

As one moves from the equllibrlum mechanicnl system wodel to the adaptive,
information processing soclo-cultural model, the system tends to shift from
a closed one to an gpen one, Essentially what this refers to Is the nature

and extent of the system's fnteract{on with the envivonment. The closed
system tends to operate Independent of the environment-—up to a point--

after which an environmental intrusion will cause it to'krun down,” to

extiibit cntropy or increasing disorder. For the open system, Interaction
with the environrent Is an essential factor wunderlying the system's viability,
its reproductive ability or CBEITHBEY§, and its ablllty to chanpe. Thus,
open systems are anti-entropic, tending to elaborate structure and create

higher organizational forms. This is why they are called adaptive.

CONCEPT 5: Feedback and Purposive Systems

Probably the most Iimportant distinction between physical, equilibrium-
seeking systems and the higher order, anti-entropic, Information processing,
adaptive systems has to do with the latter's purposive or goal-directed
behavior embodied in tlhie concept of feedback. Popularization of system
concepts has led to misues of the term '"feedback." It does not mean simply
response to an action or communication, or simplv reciprocal interaction
between vartables, As a principal underlviug the goanl-seeking behavior of
complex systems, Buckley fecls tt {5 somethlng much wore, As he states it:
". . . 1t applles particularly to an open system: 91) whose characteristic
features depend on vertain internatl parameters or criterion variables
remaining withiin certaln Imits: () whose orpanizatlon has developed a
selective sensltivity or mapped relattonshiip to cavironmental things or
events of relevance to these criterion varlabtes:; (3) whose sensory apparatus
1s able to distinguish nny deviations of the svstem's Internal state and/or
overt behavior from goal states defined in terms of the criterion variahles;
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and (4) such that feedback of this mismatch information into the system's
behavior-directing centers reducves, tn the case ol nepative fecdback, ov
increases, tn the case of positive feedback, the deviation of the systen
from its goal status or criterien limits."

The simple thermostat meets these basic requirements, It is a systen
of compenents open to one aspect ot the cnvironment, its temperature, and
contalns 1 (1) a crirerion varjable representing the particular temperature
setting selected; (2) an clement sensitive to the temperature of the
surrounding air, such that; (3) the system responds to deviatlions of the
alr temperature on cither side of the setting, by; (4) turning on or off
the heating components, such that deviation ts reduced (hence an example
of negative feedhack).

Fecdback control systemns are veferred to as poal--directed, and not
merely goal-oviented since it {s the deviations from the goal state
itsclf that direct the hehavior of the svstew, rather than some pre-
deteormined fnternal wechanism that alms blindliv. lFor effective solf-
direction, a socto-cultural system must continue to recelve a full flow
of three kinds of information: (1) information ot the cutside world,
(2) information from the past with a wide range of recall and recomhination,
and (3) information about ltself ar?d its own parts,

I've tried to briefly discuss some of the fundamental concepts
ernerging from gencral systems resecarch that I think are relevant to education,
and I urge vou to explore this whole area in more detail. One avenue
I would suggest is Buckley's book Sociologv and Modern Svstems Theory,
Another different but useful source is the June 1969 issuc of Fducational
Technology. Bela Banathy's book, Instructional Svstems, should he of
interest to any of yon in the curriculum development area, 1In the first
couple chapters Banathy gives a brief but useful overview of system
concepts. Another highly readable source 1s a hook by C. W. Churchman
called The Systems Anproach.

To brieflv summarize some key points: (1) Beware of entrancement
with techniques. Use the system management techniques where they are
appropriate, but not as ends 1in themselves., Recognize their lTimitations
as techniques, and never forget the larger context. (2) System management
tectmiques evolving from the mititary aerospace domain can help you better
manage exlsting svstems and organfzations, but thev may also be dvs{unctional
1f vou use them to 1nstitutionalize a bad system or entrench even a good
program thar is thereby prevented from changing, growing, and becoming
a self-adaptive kind of system. (3) Be judicious in selecting systems
people; find out their particular bap and hiases, and their hierarchical
level of operating the systems. (4) PPBS or PPBIS, as Schellenherger
calls 1t, if done well will force vou to clarify goals and to identify
criteria and devise mechanisms for neasuring poal attainment. (5) And
this 1s myv personal bias, strive for {mprovement rather than optimization.
(6) FEvolutionary change is preferakle to sudden introduction of a new
system. (7) Remember that education is a conplex, adaptive system whosce
viability depends on change and on ity ah{lity to create higher levet
structure and interaction. (8) Two integral parts of the rational,
rigorous scientific approach embodied in the systems concept, T think,
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must be a willingness to explore and the inspired creativity to propose and
test new forms, such as Boulding's voucher concept or George Leonard's
scenario of the Kennedy School in his book Fducation and Ecstasy. Just
because this approach tends to rational, in a sense systematic, doesn't
mean that there 1is no creativity in it. (9) Finally, let me quote from
C. ¥W. Churchman in the conclusion of his paperback The Systems Approach,
he is a professor at Berkeley, rather knowledgeable in the systems area,
I think. This 1s what }2 winds up with, and {t may seem rather puzzling.
He says: "I arrive at the conclusion that however a systems problem
is gsolved-~byv planner, scientist, politician, anti-planner, or whomever--the
solution Is wrong, even dangerouslyv wrong. There is hound to be deception
in any approach to the system. And yet when one looks at the solution
and sees 1ts wrongness, one is also deceived because in secarching for
the wrongness, one misses the progressive aspect of the solution."

"What 1s in the nature of systems is continuing perception and
deception, a continuing reviewing of the workd, of the whole systemnm,
and of its comporents. The essence of the svstems approach, therefore,
is confusion as well as enlightenment. The two are inseparable aspects
of human living. Finally, then, here are somc¢ principles of a deception-
perception approach to systems: (1)} The svstems approvach begins when
first you see the world through the eyes of another. (2) The systems
approach goes on to discovering that every world viev 1is terribly
restricted. (3) There are no experts 1in the systems approach. The real
expert 1s still Everyman, stupid, humorous, serious, and comprehensive
all at the same time. The public always knows more than any of the
'experts', he they economists, hehavioral scientists, or whoever; the
problem of the systems approach i{s te learn what everybody knows. And
finally, my bias, (4) the systems approach is not a bad idea."
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MANAGEMENT INFORMATION SYSTEMS IN EDUCATION

Fred K. Bellott

Many of the problems vhich will be considered during
your week here are a dircct product of the complex, tochno-
logically-oriented, affluent society in which we live today.
The management function becones increasaingly complex as the
society in which it operates becomes complex. One of the moxe
significant management problems, hut one which is not unique
to management, 1is that of communication., Even if we could
disregard the tremendous increase in knowledge during our pre-
sent generation, 1if we could disrcecgard the proliferation of
printed materials, if we could disregard the interaction of
societal and organizational components, we would still have
major communication problems, To avoid some potential break-
downs in our communications, I would like to establish some
operational definitions.

Definitions

Because of the diverse organizations which each of us
represent, because of our varied backgrounds and our unique
frame of reference, terms and phrases that are commonplace in
today's jargon guite often have widely differing meanings to
each of us. The phrase "management information system" per-
haps illustrates this susceptibility to varied meanings as
well as any. There are other phrases that are associated with
or interpreted in similar ways, such as integrated information
system, total information system, automated information system
and articulated information system.

For the purpose of today's consideration a simple yet
widely acknowledged definition of management is "the allo-
cation of resources to the accomplishment of predetermined
objectives,"” To carry out the management function information
is needed at all levels of management for the purposes of
planning, directing, coordinating. controlling, and evaluating
the processes and/or products of the oryganization.

In defining the word, "information," I would like to con-

trast it with the word, "data," because we oftentiimes use the
two words interchangeably. The word data refers to collected
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statistics or other facts, usually expressed symbolically,
They can be used as a basis for inference and/or conclusion.
By contrast, information is knowledge-~-meaningful, valuable,
timely knowledgye of and about facts. The raw data that goes
into an information system produces information by being pro-
cessed. Data have only limited use until they are processed
resulting in information for the user.

The "management information system" which is our topic
today has as its purpese the production of information upon
which manayement decisions can be made.

The word, "system," bothers many people. I would like
to resort to a classical definition of system as "---an arrange-
ment or combination, as parts or clements, in a whole, espec-
ially such an arranygement according to some principle; a group
or assenblage of objects united by some regular form of inter-
action or interdependence." In reflecting upon this definition
of the word, system, Lhere is a readily discernible reference
to a hierarchy. A system can be microscopic, or enlarged and
comprehensive. JSystem parameters are directly established by
the limits of the organization to which they apply. We can
refer to a state system of higher cducation, a metropolitan
school system, a school's grading system, or a nation's gov-
ernmental system. In any of these, the system is still a
combination of parts or elements in a whole. The second part
of that definition, "---a group or asscimblage of objects united
by some regular form of interaction or interdependence,” has
specific meaniny when referring to a management information
system. The interaction or interdependence of the parts is
the base of reference in the term, "integrated information
systems, "

A management information system is a collection of
smaller systems. In this context we sometimes refer to these
smaller systems as sub-systems. We talk about, quite properly,
a pupil information system, which is also a sub-system of the
comprehensive information system. The pupil information sys-
tem may even be a management information system, if it is used
for management of pupil personnel, i.e., to make decisions in
this area of management.

That part of the definition of system relating to a
"combination of parts into a whole," while characteristic of
a system, also has inferential mecaning in relation to the term
"total infoxmation system."

o tﬁa
ERIC
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The phrase, "total information system," means different
things to different people, 7To some it is simply a gyross over-
statement. To others it is a descriptive system parameter.
Some who feel offended at the use of the word "total" in des-
cribing an information system, warn that this kind of descrip-
tion may lead management to actually expect a system that will
produce everything, It's failure to do this will prove to be
an embarrassment for systems personnel, because the results
will fall far short of the expectations.,

Calhoun and Morrison defined the total information system
as "—--a linked notwork of raw facts and processed data, the
¢ollection of data, the development and flow of information,
the manual and automated procedures that make the network
operative, and the oryanization that coordinates and operates
the network, all of which are designed Lo provide information

needed to operate, contyrol, evaluate and plan the university
(sic) process."l They set forth two conditions that must he

met if one is to achieve a workable information system,

1. The coordination of all administrative activities,
coupled with a decision-making policy that takes
into consideration the overall company or insti-
tution without regard for the barricrs of organ-
izational seygments or departments.

2. The collection of all data needed for the operation
and management of the organization, at the points
where the data originates, in a manner that will
avoid duplication of collecting cffort.?

If this definition and thesc conditions are acceptable as
beiny descriptive of the "total information system," then one
could also accept the terminology of a "comprehensive manaye-
ment information system" as referring to a "total information
system."

Some writers make a very clear distinction between in-
formation for operat:ional purposes, that is, routine func-
tioning, and that for management purposes, for planning,

lyohn c. calhoun, Jr., and Don F. Morrison, A Report on
Total Information Systems for Colleges and Universities.
(n.p.) National Science Poundation (n.d.), p.3.

21bid. p. 3-4.
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evaluation, coordination, direction, and control. I am not
sure that such a clear cut dichotomy exists in the educational
colwmunity. Paul Henderson of United Aircraft Corporation Sys-
tems Center, provides a very useful description of an infor-
mation system as "---the representation of some entity as data
and the manipulation of the data in preference to the manipu-
lation of physical objects, "3

Whether or not any specific information area or data
item is necessary for management is dependent on the nature
of the organization and what managewent nceds to know. 1In
this respect there are perhaps some yencralizable problem
solutions in determining "what does management nced to know.”

Many times we get much more than we want. We become like
the fifth yrade youngster who asked "What is a penyguin?" He
was sent to the Encyclopedia Britanica. He cxpressed his find-
ings this way, "If you want to know about penguins don't read
the Encyclopedia Britanica. It tells you much more than you
want to know."

Management information systems should not merely print
out data when we neced information. For management purposes
you do not need raw data by the ream. What you do need is
some meaningful information that is unobscured by the mass
of surrounding statistics that may be useless and irrelevant.
It is part of the job of the data processing operator and the
programmer to validate and document data that is being used
and the procedures utilized for processing, but it is com-
pletely inappropriatc for manayement purposes for the manager
to even read, let alone assimilate and use, these kinds of
output,

Another problem that plagues us as managers is that we
sometimes find that we cannot shut off the flow of informa-
tion after there has ceased to be a need for it. A one-time
request for information gets programmed into the system and
it becomes a part of the standard operating procedure. Part
of that same problem is receiving obsolete or out-of-date
information merely because it has remained in the system.

Educational administrators, like other managers have to
focus their attention on sclectively determining what is the

3 . .

Paul Henderson, "Management Sciences for Corporations,”
Management Information Systens. {Cleveland, Ohio: Associa-
tion for Systems Management, 1969), p. 29.
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right informaticn. He must choose between "nice~to-know"
and "need-to-know" information. This choice is an indi-
vidual requirement unique to the user and/or to his organ-
ization or institution.

Assuming that the position he occupies and its related
activities are clearly defined and understood, the information
user can usec a problem definition procedure to identify his
specific needs for information, Throuygh problem definition,
one should identify the events, activities and entities that
influence the proygram with which the problem is associated.
Information about these ace in the "need-to~know" category.
By applying criteria tests to these problem elements he can
make better informed decisions., In following through with
a problem solution, the manager then needs information that
will reveal to what extent were the objectives met. Problem
definition leads to information specifications. When infor-
mation output meets these specifications it should lead to
problem solution---and this is the purpose of the management
information system---to assist in the management process.

Systems Approach

Yesterday's topic of System's Theory Concepts was very
ably presented by Drs. Hcoaerson and Gould and I would like
to refer to these concepuis in application to the management
information systems subject. The systems approach diagram
which I am using is a generalized one which serves here to
identify its application to the effecting of a management
information system. (Seec Figure 1.)
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STATE NEED:

Dcfine the problem or the goal to be reached or the
function to be performed:

A, Assist and enable effective management

B. Provide for the allocation of rcsources to their
most appropriate task

C. Have recadily available meaningful, timely infor-
mation for decisicn-making

D. Fulfill other requirements for information, such
as reports, input to applications subsystems,
accounting, record-keeping, and various other
operations needs

SPECIFY OBJECTIVES:

Define objectives in terms that permit analysis and
measurement. Describe desired outcomes.

A. Establish criteria for basis on which juagment of
success can be made

B. Provide data packayes or subsystems that can be
adjusted and integrated te provide for the basic

rogram processes
pProg P

C. Provide for special request information that may
involve more than one file or one subsystem

D. Provide for exception reporting for management

CONSTRAINTS AND CAPABILITIES:

Identify existing and potential restrictions. Assess
present and future resources.

A, Staff and the availability of additional staff

B. Physical facilities and cquipment -- adequacy,
possible modifications
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c.

D.

5&

Funding requirements -- cost/eifectiveness relation-

Program

IDENTIFY ALTERNATIVES:

Consider all feasible ways of attaining objectives

AI

Survey and analyze presenl systems (orientation/
feasibility)

Manual versus automated system
Human resource utilization versus machine utilizatio:
Applications conversions to management systems

Staged implementation (one subsystem at a time)

SELECT ALTERNATIVES:

Apply criteria (from stated objectives) to available
alternatives to choosc that one which will be impleivented.

A. Cost/cffectiveness basis

B. Performance/risk

C. Policy conformance

D. System Promises
Irproved communications
Improved processing capabilities
Innproved management informat. sn
Improved dcecision-making potential

QPERATIONALIZE:

Develop plans with details and implement on trial basis.

Staff assiynment
Schedule, materials, facilities

Pilot test

bY
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QUTPUT:

The product should correspond with the objectives.

EVALUATE AND FEEDBACK:

Determine effectiveness in meceting objectives; modify
as necded.

A, A continual process at all steps, as well as at
the end of a cycle.

B. Fecedback is necessary so that nceded revisions
are known.

I would like to refer again to Paul llenderson and his
description of an information system as "---the representa-
tion of some entity as data and the manipulation of the data
in preference to the manipulation of physical objects."4
At first glance Henderson's description may appear to refer
only to the simulation capabilities that are characteristic
of an automated data processing insulation. More than this,
however, Henderson is saying that it is much easier to use
symbolic representations in our accounting, description and
computation activities than it is to attempt to provide in-
formation by physically counting and juygyling real pecople,
dollars, materials, and equipment. Henderson has yraphically
displayed what he terms the functions of an information system
that merits our consideration. One might choose some diff-
erent labels to describe these functions, but this chart does
tell a relatively complete stovy about what happens in and
with an information syster. {See Figure 2.)

4llenderson. p. 29,
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Theory and Recality of Integrated
Educational Information Systems

The advent of "third generation" computers, with their
multiplexing capabilities and mass storayge devices with ran-
domized access, has been the focal point of cfforts to create
system designs which would facilitate the practical applica-
tion of information-systenm-integration theories that have been
espoused for scveral yecars. Thesc efforts arc beyginning to
bear fruit.

Progress toward full development and implementation of
an operating information system with the potential of ful-
filling the needs of cducational managenent has been signi-
ficant. Such automated data processing systems have heen
given a majoxr boost by the involvement of cducational prac-
titioners who have worked toycther with data processing and
research personnel., Thesc joint cfforts have resulted in
pragmatically oriented systems that are Loth sound in data
processing theory and administratively utilstarian.

The cducational community has often be~n behind the times
in "discovaring" recently evolved technology that business and
industry have already employed. The emerging role of data pro-
cessing in educational administration and management is no ex-
ception to this slow evolutionary process. Educators arc, how-
ever, learning more readily to adapt themselves, and their or-
ganizations, to the usc of data processing as an administrative
tool. It has been said that in education there is a time layg
of a full generaticn between the acceptance of a new idea and
putting it into practice., In the development and use of in-
tegrated information systems, at least, this time is being
shortened considerably.

Spurred by the ever-increasing needs for information by
educational administrators, by the impact of federal funds
for research and development, by the intcrests of legislatures
and statc ygovernmental agencies in better meeting their own
needs, by the involvement of foundation support of innovative
research to find realistic solutions to current problems, the
educational community is taking a positive role in the develog-
ment of educational information systems that can meet these
needs., Some examples of the efforts which have been made are
the following: (Figurce 3)
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Figure 3
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Chicago's "Total Information sSystem"

"Oregon Total Information System" (OTIS)

“New England Educational Assessment Project" (NEEAPS)

"Midwestern States Educational Information Project" (MSEIP)

"Regional Educational Data Processing Centers irn California”

" owa Educational Information Center" (IEIC)

Florida's "System for Processinyg Educational Data
Elcctronically" (SPEDE)

Various projocts from ESEA. 'ritle III and the Regional
Educational Laboratories

These proyrams and projects, as well as many others, sim-
ilarly oriented, have at lecast one purpose in common--that of
meating an expressed neced for educational information with max-
imal utility and minimal reporting and processing effort. These
diverse efforts hav .11 et with some success, (although it is
inappropriate to ma.. cocmparisons oi them based on the deyree
of success which they have experienced).

Integrated information systems, cducational or other-
wise, arc founded on the premise that data can be stored in
structured machinecable files, that these data can be accessed
whenever nceded; and, that these files can be inter-related
through the usc of common data clements.

Integrated educational information systems hold a real
promise as an administrative tool to assist in the schocl
management process. If the concept of inteyrated systums
is to realize its potential amonyg cducational organizations,
however, there arc other related problems which must be
resolved.

1. Use of common terminology and definitions of terms
so that data from scveral sources have compatibility.
Use of the data will not then be restricted to a
limited segment of cducation or its publics.

2. Usc of "basic" data (data reduced to one dimension)
that can be applied to a variety of nceds for the
same oxr similar information.

3. Acceptance of the principals of “"proyram-oricnted
budgeting and accounting”" to permit relating finan-
cial data to other kinds of cducational data and
to specific educational activities and objectives,

v?ll
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4. Integration of data effected by utilization of com-
mon data elements among the several data files which
permits associated identifications and relationships,
thereby reducing repetition and easing the reporting
task, as well as making possible a more effcctive
use of information for management purposes.,

5. Computerization of information systems in order to
facilitate storiny, processing and accessing large
volumes of data by machine.

tducational information systecms, per se, are not
new. They have been a part of the operation of
educational organizations for a lonyg time. His-
torically, the primary functions that have been
served by these systems have been those of record
keeping and reporting.

The traditional systems are often unduly constrained be-~
cause they were organized to produce "operating information"
rather than "managenent" information. These systems can
reacily produce payroll checks and report cards. They can
make pro rata distributions of state funds to local school
districts and produce annual statistical reports and still
not meet the needs for management information with which im-
portant program decisions can be made,

Traditional systems have, in effect, often heen frag-
mented collections of data that cannot be recadily analyzed
in terms of other data or other developments. They may, at
times, almost defy attempts to synthesizc meaningful program
information for decision purposes, being overly weighted down
by sheer logistics and lacking the capability of inter-rela-
tion.

The development of management information systems during
the past decade has scen an ever incrcasing sophistication
emerge in the technical applications being made and the im-
aginative uses of information being produced. We have only
scratched the surface of what our preecent "know-how" ygives
us in potential use. However, the area of management infor-
mation systems holds both promisc and pitfall.

In recent years therc has developed a current pressure
syndrome that has 2ffected society that is particularly related

(Y]

‘l

o e 2 8~ T TR S R R @ P e g - G e -] RO I, T I P Y



65

to the field of information and data processinyg., In the con-
text of the field of data processing and information systems
it is easy to comprchend why this syndrome has developed and
continues to threcaten logical approaches to problem solutions.
The heavy demand for the availabkility of new information and
the technical answexs, that_ are available through computerized

-- ek

iately.

Therefore, there is a_tendency to over-sell and over-
simplify the systems that are in the process of development
that for the most part, arc not_yct fully doeveloped nor fully
understood. In spite of statements that you have heard and
continue to hcar reyarding the sinplicity of systems and pack-
ages that arce available for immedaiate application, the fact is
that they arce not simplile. They are extremely complex and will
hecome more complex as time moves forward and the needs and
opportunities for information increase in their complexity.,

When something ig over-sold and over-simplified, the
result is that there is a tendency for procurers in the field
to over-buy and over-promise. This can only result in various
degrees of failure. When people (especially administrators,
managers, and supervisors) fail in keeping promises, the re-
sult can be resistance to all new ideas. This common result
of the current pressure syndrome is5 the real tragedy and tends
to encourage further over-selling and over—simplifying.e

Having said that, I would like to relate some of the
things that hold promise and cite gome management information
systems that are experiencing some success, First, let's look
at related problems to be dealt with on a broad basis if we
are to find solutions that are generalizable.

Definitions of Texminoloyy

The terminology and definition problem (number 1 above),
has been dealt with, in part, through the State Educational
Records and Reports Series publications.”?  These Handbooks,

8Jamnes W. Colmey, "Conference Summary," MSEIP CONFERENCE PRO-
CEEDINCS, 196). Des Moines, lIowa, Sepltember, 1969,

9state Educational Reccrds and Reports Scries, Handbooks I
throuyh VI, U.S. Departiment of llealth, Education and Welfare,
Oftice of Education, Washington, D. C,, 1953,
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beginning with The Coiwron Core (Handbook 1)10, 1953, identi-
fied appropriate terminology with definitions and provided a
structure for organizing educational terminology into five
informationxzl areas, each of which is the bhasis of a handbook.

The acceptance of the handbooks by state local educa-
tional agencics has been of a voriad degrce and over a lengthy
period of time. Handbook 1I, Pinancial Accounting for State
and Local School Districts, 1957, has cnjoyed more popularity
than any of the others in the serics, having heen accepted
either in toto or at least in principle, in all 54 states and
territories during its first ten years. The paradox is that
with the now evident nced tor a "program-oricnted" financial
structure, Handbook JT is more outdated than any of the others.
It is, therefore, beinyg revised and work is currently underway
toward that end. The revision is being rmade through contract
with a private nianagement consulta-t firm,

Hamibooks 1II, IV, and V dealt with the areas of preperty
accountiny, staff accounting, and pupil accounting terminology
and definitiong, respectively. Curricular or instructional
programs terminology is the subject of Handbook VI. This pub-
lication (Handhook vi)ll is presently in "FPourth Draft" form
which is still ~ tentative status. Developrnent of Handbook
VI is now in its sixth year. According to Dr. Dale Chismore,
who has been working on llandbook VI since 1964, final publi-
cation is now expected in 1970.

These handhooks provide a base on which solutions to
terminology definition can be tormulated. The greatest ob-
stacle to their successful adoption has been the ingrained
inertia from which the educational establishments suffer.
The natural resistance to change, the self-satisfactions
with the status-quo, yet an impaticnce by educational ad-
ministrators with the lack of fulfillment of the glowing
promiscs of automated data processing, have all added to
the inability of eschool administrators to clearly understand

107he_common_Core of State Fducational Information. Compiled
by Paul L. Rcason, Emery M. Foster, and Robert F. Will. U.S.
Department of Health, Education and Welfare, Office of Educa-
tion, Washington, D.C. 1953.

11Standard Terminology for Curriculum and Instruction in_ Local
and State School Systems. Coumpiled by John F. Putnam and W,
Dale Chismore. U.S. Department of Health, Education and Wel-
fare, Office of KBducation, Washingyton, D. C., 1969.
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and empathize with the problem. ILf management information is
to be made available to the administrator, he in turn lust
concede some of the autonomy of his position; that is, he

must permit the system to service his needs by understanding
the contexts within which systems can function and limitations
which are imposed by the system. He must also be able to ade~
quately describe and delimit his desired output in terms that
are acceptable to the system. The systemn does not dictate to
the manager, but it does demwmand that he define his necds and
operate within prescribed parametevs, 1t is at this point that
data definitions become quite important in Lhe establislhinent
and operation of the integrated educational information systems
for managenment purposes,

Focus on_Finanhce

The assumption is made that a need exists for management
information systems development to assist in administrative
decision-making,

Much effort has been expended, many articles written,
numexrous conferences held, and untold hours spent in committce
deliheration in recent years rcgarding the prospects of "total,"
“compatible, " "articulated," "multi-purposed" educaticnal in-
formation systems. There have also beer a number of worth-
while projects directed toward more single-purposes objective
areas of information such as pupil information {e.g., Iowa's
Card-Pac and Florida's SPEDE). However, these have not re-
sulted in meaningful comprchensive systems becoming opera-
tional nor have such systems beer directed toward solutions
to problems of local school districts on a broad basis.

Our traditional financial accounting records have been
based on the needs of fiscal auditors rather than managers
who must make program decisions. In many organizations and
educational institutions the entire responsibility for in-
formation system development was resident in the financial
accounting office.

A usual first application of a new data processing in-
stallation has been to financial accounting. Educational
administrators with organizational responsibilities have
frequently abdicated the management role in determining
how data processing technology is to be applied and toward
what ends it would be directed.

e
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Dr. Bill Curtis will spend Thursday with you describing
PPBES and the related cfforts of ASBO Research Corporation
and the development of a program-oriented system to apply to
financial data. (Figure 4) Suffice it now for me to allude
to this development as the potential for fulfilling a real
neced we have for financial information about educational pro-
grams. The Planning, Programming, Budgeting and Evaluation
Syscem being developed holds the promise of making a major
contribution as a vehicle for management information system
development in the cducational community. ({Figure 5)

It is suygested that cwphasis in wmanagement information
systems development should be put on budyetary analysis, diag-
nosis and planning -- for two veasons: (1) Budgeting concerns
represent real problems with which school administrators are
forced to deal at all times. (2) This cmphasis can serve as
the catalyst nceded to bring about a more meaningful compre-
hensive management information system and provide the starting
point, the lack of which seems to stymie many otherwise good
intentions in development.

Program-oriented budge’.ing and accounting should enable
school administrators and other decision-makers in education
to obtain and use specific cost-benefit related information
about educational programs. Educational decision-makers
need to know what relationships exist between attainment of
an instructional program objective and the costs of accom-
plishing that objective, as well as what Lhe alternatives
might be.

Basic Data

Several years ago an ecffort was made by the U. §. Office
of Education to promote the concept of reporting educational
information in "basic data" units. Known as the B.E.D.S.
(Basic Educational Data System), it was never fully accepted
as being realistic, althouyh it was accepted in theory. The
concept for B,E.D.S. was that, if all educational information
were reported in its smallest unit or singular dimensional
form, it was much more useful because it could be applied to
a number of different nontexts and uses.

Instead of adopting this concept of basic data units as
a reporting base, we are still reporting summary information.

(3
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We report the "number of teachers who . . ." instecad of re-
porting each teacher and that teacher's characteristics. We
report sums of units instead of units, thereby severely re-
stricting the ability of the data collection agency to gen-=
erate new information through analysis of hasic units.

The integrated information system will require basic data
as input if it is Lo approach the promisc of providing infor-
mation which it has the potential of supplying. The smaller
the unit or baso used as a reporting unit, the more potential
the data have for being meaningful.

MSEIP

The Management Information System (M1S) is a management
tool, and is used by all types of private industries and gov-
ernment agencies. Whether the system is maintained by a group
of clerks annotating ledger books with quill pens, or by the
use of the most modern computer hardware and software avail-
able, has no bearing on the title. It is still an MIs.

All businesscs have an information system of some kind.
The single fact that it may be automated does not make it a
good system. Becausce of the extremely rapid advance in com-
puter technology many organizations have allowed their infor-
mation systems to be programmed on increasingly larger and faster
computers, but have not changed the structurc or philosophy of
the system to take advantage of the advanced technical cap-
ability. This is an MIS (Figure 6) that was allowed to remain
static even though the investment in equipment to process the
information may have increased many times.

The same agency, using the same equipment, after the
thorough review and redesign of the organization and the sys-
tem was made could reflect this type of system. (See Figure
7} The initial time lapse and the manpower effort would be
of considerable scope but the overall results would, in the
long run, be profitable becausc of the centralization of oper-
ations, the more immediate accessibility of the information and
the capability to readily obtain more accurate and comprehen-
sive information.

This (Figurc 8) is an cxample of an Educational Agency
that has allowed its information systems to grow as individual
divisions or branches have dictated.
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The most significant deficiency of such a system is that
without a centralized comprehensive system there is much re-
dundancy and duplication of effort, and the individual who has
nced of specific management information quite frequently does
not get it in readily usable form nor as promptly as he might
require. By contract, the same agency using the same equip-
ment, after thorough review and redesign of the organization
and the system was made could reflect this {(Figure 9) type of
system. It will allow management level personnel to have more
accurate information readily accessible, and organized in a
manner to fit an cfficiently structured management organization.

Inteyrated System Concept

The integrated management information system is a holis-
tic concept that overcomes the fragmenting of traditional sys-
tems by treating all input data in terms of the effects ecach
input has on all others. Files and subsystems in the inte-
grated system are inter-related, yet can be treated either
individually or collectively within the system. The inter-
relation of data or integyration of files and data items is a
"logical" dimension of the system. (Figure 10)

In the logical dimension, data items and definitions are
related to functions of the system. Each file in the system,
and its contents or data items, is supportive of the other
files and their contents. Together the files collectively
support integrated functions or those requiring data from
several files. Common data elements must be included in the
several files to serve as linkages or passageways to enable
the system user to relate data from one file to another. An
example of this is the teachers identification number which
appears in the personnel file to identify the teacher assign-
ments, and in the payroll (or finance) file to identify costs.
This data element is used in the way just described by the
Midwestern State Educational Information Project (MSEIP).
Each file (Figure 1l1) provides for linkage or access by way
of a data element that also appears in one (or more) of the
other files.

Access to each file, through a common data element is
accomplished through the use of the computer. The indices
for the files are groups of identification data elements a-
long with computer stored file addresses which determine
where certain data are stored and how they can be accessed.
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Each index is based on the file organization which in turn

is based on the manner in which information would most fre-
quently be requested. Report format can be varied and changed
from time to time as needs indicate.

PRESS

The Puerto Rico Educational Statistical System (PRESS)
is a user-oriented, computer based management information
system. It is particularly adept at yielding analytical in-
formation through the use of a statistical Report Generator.
The basic data units are descriptors of individual students.
Information is extracted by a user generated query statement
specifying simple Logic and 'Retrieval' PRESS statements, e.g.,
IF _X _ and _Y  THEN GET _Z .

The components of PRESS (Figure 12) are (1) Generalized
File Maintenance, (2) Master File or Data Bank, (3) Query Sub-
system, (4) Report Generator and Statistical Subsystem, and
(5) the Libraries. Some of the major advantages of PRESS are
that it is a generalized system; it is user-oriented and by
defining the proper file, the user can operate on it with the
full power of the system; it produces its own programs for
processing the files. The greatest disadvantages appear to
be that it requres sizable hardware, (IBM 360 with 128K of
memory); files must be created to fit the software specifica-
tions; its effectiveness is primarily for descriptive statis-
tical analytical use, therefore limiting the extent to which
one can expect both managerial and operational functions to
be served.

PRESS appears to be a major breakthrough in the area of
making computers user-oriented. It was developed for the
Puerto Rico Department of Education by Federal Systems Di-
vision of IBM under an E.,S.E.A. Title V contract.

Tennessee Adult Education Files

We have just recently created a new Management Infor-
mation System in Tennessee as a spin-off from an overall study
of Adult Basic Education. This is a very simple system in
terms of technical problems that are often involved in such
efforts. '
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The system consists of three historical files, all of
which have been generated from data which werc already avail-
able. The three files are (1) Pupils, (2) Staff and (3) Pro-
gram. Its value is enhanced because each file has the cap-
ability of inter-relationship with the other files. In fact,
the output of the entire study will involve this elemz2nt ---
and for the first time =--- we are finding out what kinds of
teachers are conducting what kinds of classes with what kinds
of students in them, and where.

There are many data elements that one would probably
find desirable that are not included in the system. Our in-
tention is to expand and improve it in this respect as time
and other resources permit.

The system is card oriented, tape operated and is geared
for annual up-date.

Base-Line Data File

Another example of a management information system, is
the Tennessee Title III Base Line Data file which will be used
as a data base for assessment and evaluation of Title III, E.
S.E.A. It is proposed that the file records be put into ma-
chine usable form on magnetic tape or disc pack.

The file will be structured in school district/system

sequence. The file structure will consist of three types of
logical data records per district/system. (Figure 13)

A., District Data

This type of data record is the "header" for any district's
data and will contain information depicting the district as a
whole. These data will consist of the physical, fiscal and school
population descriptions of the district. The data items under
Section I of the data item list (see Figure 14) make up the
District Data record.

B. Personnel Data

This type of data record actually represents a group of
data records, each with same format. There will be a record
for each certified person employed by the school district.
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Figure 13

1.  The File Will Be Structured in School District/ System Sequence,

2. The File Structure Will Consist of Three Types of Logical Data
Records Per District/ System,
A. District Data
8. Personnel Datn
C. Curriculum/Assignment Data

3,  The Majority of The Data Items Specified in The Data Item List
for the Title I1I Base Line File Are Presently Available in the
State Department of Lducation.

4. There Will Be a Minimal Need to Collect Additional Data Over
What Is Now Available in the Department,

U2
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The record describes each certified employee, to the degree
needed for program evaluation. These data are in Section II
of the data item list.

C. Curriculum/Assignment Data

This type of record also depicts a group of records.
There will be a record for each subject/class scheduled in
the district. For elementary grades the records represent

grade/selection. These data are in Section II of the data
item list,

MC 91

B oy

——

P ——— 4



85

Tennessee Title III Base-Line Data File
Data Item List

1. DISTRICT DATA

A. DISTRICT NUMBER P.R, cards

B. CHARACTERISTICS

1. District Size (sq. miles) Special Input

2. Student Population Density Size divided by total
number of pupils

3. Millage Levy School Plant & Trans-
portation Report

4, Assessed Valuation School Planc & Trans-
portation Report

5. District Type (City-County) Special Input

6. District Geographic Region Special Input

7. Dominant Organizational Special Input
Pattern
8. No. of Schools in District ESEA Title I form 1
1 2 (3}

(also can be summed
from P,R,)

C. FEDERAL PROGRAM PARTICIPATION

1. Title I Financial Report (133.11)
2. Pl 274 and Pl 815 Financial Report (141
and 144)

Y




D. FISCAL DATA

1. Expenditures by classification

a. Administration (2100) Financial Report
b. Instruction, etc. (2200,

2300, 2400) Financial Report
c. Pupil transportation

(2500) Financial Report
d. PFixed Charges, etc.

(2600~3100) Financlal Report
e. Capital outlay (3200) Financial Report
f. Touval Expenditures Financial Report

86

Calculated item 1D1b
divided items 1E1l)

g. Expenditures per child
for instruction

2. Receipts

a. State Revenue (130) Financial Report
b. Federal Funds (State

Adm.) (133) Financial Report
c. Federal Funds (Direct)

(140) Financial Report
d. County Revenue (120) ¥inancial Report
e. School District

Revenue (110) Financial Report
f. Other Revenue (180-190) Financial Report

g. Non Revenue (150-175) Financial Report

E. PUPIL POPULATION DATA

1. Enrollments hy Grada
(Boys=-Girls)

2. No. of Handicapped Pupils

Preliminary Report
Enrollment Data Card

9o




II.

111,

87

3. No. of Pupils by Ethnic OEO Form

Groups ESEA Title I Form
1 (D1 Page 5)

4, Achievcment Test Scores

(Grade Level by Sub-Test State Testing Bureau
Area)
5. No. of High School Graduates
Last Year High School Diploma File
6. No. of Institutionalized
Children ESEA Title I Form 4 (44)
7. Concentration of Pupils
Low Income Families ESEA Title I Form 1
(3A Page 1)

PERSONNEL, DATA (A data record for each "Teacher")

A. Teacher Number Preliminary Report
Forms 1 & 2

B. Types of Certificates Held Preliminary Report,
Forms 1 & 2

C. Degrees Held Preliminaxy Report,
Forms 1 & 2

D. Salary Preliminary Report - 2

E. Full Time - Part Time Preliminary Report - 2

F. Ethnic Group Preliminary Report -~ 2

G. Sex Preliminary Report - 2

H. Teaching Assignment (01-08) Preliminary Report -

Teacher Data Card

CURRICULUM/ASSIGNMENT DATA (A data group for each Grade/
Assignment/Subject code by class. 1In Blementary Assignments
Code will be “"ooox" where X is the grade V-6, 0=H )

A. Grade/Assignment/Subject Code Preliminary Report=
Teacher Data Card

B. Class Code (Section)

9



Pupils in Class (Boys-Girls)
Teacher Assigned (Teacher No.)

Minutes per week
(Calculated from hours/week)

J8
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Preliminary Report-
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Preliminary Report-
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The majority of the data items specified in the data item
list for the Title III Base Line file are presently available

in the State Department of Education. Most of these items are

available in a machine readable form (punched cards). Those
presently not available in this form can be keypuncned from
forms on file in the department. There will be a minimal n<ed
to collect additional data over what is now available in the
department.

The data cards produced from the Preliminary Report and
the District Financial Report will produce most of the data
needed for the Basec Line file. The method of 'generating”
the Base Line file will be via computer programs utilizing
the available punched cards and pertorming the following
functions:

a. Extract the described data items from the punched
cards. (Figure 15)

b. Arrange the extracted data into the formats of the
appropriate Base Line file data records with the
necessary sequence control data, district number,
and recoxd type.

c. Sort the generated records to assure that they are
in the proper sequence (record type within district).
The Personnel records will be sorted into Teacher No.
sequence and the Curriculum/Assignment records into
subject/class code sequence (both within record type
and district no.). (Figure 16)

d. A "proof" report or list will be generated fror the
"new" Base Line file to indicate data that is nissing
from the file as well as being a means of validating
in the file.

A "file update program" will be used to maintain the

Bagse Line Data file in a current status. (Figure 17)
This program will utilize data that will be fuxnished
via requests for data initiated with the "missing data
report" produced by the file generation program. The
file update program will produce an exception xeport

listing items of data still missing as well as erron-
ous data.

9
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An Evaluation Information System*

The Base-Line Data File consists mostly of data derived
from state reports which are currently being used for other
purposes. A need is envisioned for additional information
in order to facilitate evaluation on a comprehensive basis.

This will be donc in the form of an Evaluation Data Bank to

be inter-related with the Base-Linc Data File or would incor-
porate it. Such a data bank would be an enlarged "Evaluation
Information System." The description which follows is excerpted
from Desigyn for Tcnnessec Assessment and _Evaluation of Title
1II, E.S.E.A.1

Characteristics of the Evaluation Information System

1. The "data bank" should have data which would be
descriptive of the population groups having rele-
vance to the proyrams which the data bank is to
serve., Sampling techniques cmployed in building
a representative data bank should be applied on
a randomized basis or a stratified randomization
for students and a saturation sample for teachers.
Program data would be collected in entirety.

2. Basic data for the bank should be placed in six
files, all of which could be inter-related. Add-
itional program data would detcrmine specific add-
itional files to be added, such as:

(1} Exemplary and Innovative Practices File =~
Description of all Title III projects (EPIC
now has one).

#This information system is based on concepts from the Mid-
western States Educaional Information System, a Title V, ESEA
project administered by the Iowa Department of Public Instruc=-
tion (sce MSEIP Documentation) and an on-going program being
operated by Project EPIC, A Title III, ESEA project in Tucson,
Arizona. (See "A System for Storage and Retrieval of Educa-
tional Data," Appendix in “"Planning and Implementing Title

III Evaluations" by Hammond, Stufflebean and Guba.)

12

Fred K. Bellott, op cit. pp. 48-49,
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(2) standardized Instruments File - (We now have one

at the Tennessee State Testing Bureau).

(3) Behavioral Objectives File - (U.C.L.A. now has
one) .

The basic data files (6) are:

5.

(1) Facilities

(2) Finance

(3) Instructional Programs

(4) Personnel

(5) Pupils

(6) School - District - Community

Redundancy and duplication of effort in reporting
would be reduced through access by the State Depart-
ment of Education to this information systom. The
local school systems cculd not only reduce their re-
porting load by having to report an information item
only once, but also they could expect the system to
become more useful to them as they gained experience
in its use. Remote inquiry capabilities would greatly
enhance this prospect.

Limited resources of local schools and/or projects
would no longer inhibit or restrict them in collect-
ing data. Such a centralized resource would permit
larger samples to be used.

The data bank would promote a commonality of data
collection instruments, uniformity of collection
time, and conditions which would yield comparable
data that are not now generally available.

Continuity of data comparability would be virtually
insured in spite of changes occuring in personnel
or programs. Longitudinal studies could be made on
a broad basis for the first time.

Wwith the common reporting base, better data collec-
tion procedures should evolve which would yield

104
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additional benefits for the evaluation and the sub-
jects of evaluation. Schools would be encouraged
to cooperate more freely and thus experience less
interruption of the daily program by the evaluator
collecting information.

8. The evaluator would concentrate on extensive analy-
ses and uses of data rather than on the routine phy-
sical data collection. His role should change con-
siderably as a result, permiting him to practice in
his evaluative domain rather than as a data collector.

The sheer size of the task of operationalizing such an
information system makes it an enormous undertaking. The cost
for the State of Tennessee would be shocking to the uninitiated.
Hardware configurations would have to receive high priority in
budgeting to enable the state to acquire the machine capability.
It is not a task that could be accomplished in a few months =--
rather, a few years should be expected.

The Midwestern States Educational Information Project
(MSEIP) has pioneered the developmental work on basic data
item identification, definition and coding, and file descrip-
tion and system functions. This system is presently being
demonstrated in the state of South Dakota and is available
to any state.

The EPIC Evaluation Center at Tucson, Arizona, has
developed file descriptions specifically for evaluation.
Three of the files listed earlier are presently operational
at the EPIC Center.

There is a hesitancy by educational agencies to commit
major resources for the development of a comprehensive infor-
mation system. It is probably founded partly on fiction.
There is some tendency to hold back on the development of
program specifications and programs, file structures, etc.,
until all of the components, plus all of the current data for
them are available. If everyone follows this procedure, tI»
comprehensive information system will never become a reali:
Of Course, it would be advantageous to have everything ava
able, to be able to use the latest techniques and hardware

13MSEIP Documentation.

14Hamond, et al.
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that would not become outmoded. But if the space program has
pursued this course of action neither the Gemini nor the Apollo
would have ever heen built. Man would have reached the moon if
he had waited until he had all the answers to take action.

The outputs from many of the previously identified infor-
mation systems projects like MSEIP, SPEDE, Card-Pac, etc., are
of real value in b=lping to make procedural determinations
about implementation of a management information system. Ex-
periences of others on the use of various input media, for ex-
ample, illustrate their practicality-~-using an "op-scan" doc-
ument for personnel data, a pack of cards for pupil data and
scheduling. We already know what the expected error-rate is
in updating personnel files when using a "turn-around' docu-
ment. These data-handling procedures have been thoroughly
tested and are in use now.

The technical "know-how" is available. The hardware
is available. The needs are real and are becoming more
evident each day. The essential ingredients which may be
lacking are faith and commitment to the task--faith and
trust in our machines and a willingness to commit develop-
mental funding necessary for the establishment of a compre-
hensive management information system to serve educational
organizations,
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MANAGCEMENT INFORMATION SYSTEMS DEVELOPMENT

Thomas D. Purcell

I. Introduction

The purpose of this presentation is to describe a concept
or point of view about managenent information systems design.
As such, it will deal more with a framework within which man-
agement information concepts may be considered rather than with
recipes as to how to build successful systems.

It has been said that the state of technoloyy today is such
that any task that can be described in detail can be performed
more successfully by a machine than a human can perform it.
Indeed, in many fields of engineering accomplishment, there
is much evidence that we know a great deal about getting ma-
chines to do our work for us. In the area of management in-
formation systems, however, less dramaltic success in accomp-
lishnent is in evidence.

II. Defining the Problem

For purposes of present discussion, the term "management
information system" will be generally defined as a system
that performs informational tasks appropriate to driving or
facilitating a management decision process of some kind. Such
a definition emphasizes the relationship between the purpose
of the information system, i.e., to serve a management pro-
cess. No system so considered may be considered successful,
no matter how elegant technically, unless it serves manage-
ment processes well.,

Most of us in recent months have spent some time before
the television set observing the impressive accomplishment of
the space program. The recent Apollo 11 flight testifies to
the ability of man to designh complex systems to serve well de-
fined purposes. The flight climaxed a l10-year effort and the
expenditure of billions of dollars. In contrast to the dra-

matic success of the Apollo space flight systems, information
systems frequently are dismal failures. One hears a great

deal of promotional, inflated, "space-age" claims for man-
agement information systems -- how much better our ability
to manage will be if we use the sophistication of a computer
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to help us. Such systems are often feasible, even "beauti-
ful," from a technical viewpr:int, but are disappointing in
performance. Instead, it is evident that the total, inte-
grated, on-line, real-time, "big~time" management iiformation
system has met with very few successful efforts. Wiat are
some of the reasons that management informption systems ac-
complishments are so out of line with expectations? Some of
the items which contribute to failure are listed below:

PARTIAL LIST OF ITEMS CONTRIBUTING TO MIS
FAILURE (RESULTING FROM GROUP DISCUSSION)

1. Poor definition of terms

Example: ambiguity in the definition of an FTE (full-
time equivalence). Such ambiguities not only make com-
munication with technical personnel troublesome but re-
sult in difficulties in deriving management decisions
from multiple data sources.

2. Conflict in priorities in demands or information pro-
cessing resources {personnel, equipment, and dollars)

A related problem contributing to resource shortage
problems is failure to wisely use available resources
(such as lengthy reports that are not being used in
decision processes).

3., Lack of clarity in what to expect of the MIS

It is evident that a computer is a very general pur-~
pose tool and that practically every institution has
at least one. It is less clear what the machine

should be used for.
4, Manpower problems

The skills market in information systems technology
has been hectic for several years. Turnover has been
high, too few people have commanded too high prices
with too few guidelines as to how to identify the
needed skills for a given job.
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5. Organizational and duman Considerations

Several problems relate to organizational and psycholog-
ical considerations and arc the topic of the remairder
of the presentation.

III. Organizational Considerations and MIS

Figure 1 below depicts a typical organization from a
traditional viewpoint. As can be seen, 1t presents an or-
ganization as a pyramid with thrce layers corresponding to
the groups of top managyers, middle managers, and opcrating
level managcrs. Circles appear at each lcvel representing
organizational functions or offices at that level (e.qg.,

a transportation office, accounting office, stenoyraphic
service office, etc.). Lines or arrows interconnecting the
circles at a given level recpresent informational connections
between the offices or functions at a single level of man-
agement. For example, in a University, a reygistrar's office
may collect information pertaining to student feces and com-
municate it to a bursar's office which then collects the
money. Arrows or lines also flow between the layers of
management representing information flow between the man-
agement hierarchy in the organization. One arrow, for ex-
ample, might represent a summary statement prepared from
data resulting from fee assessment and collection. Informa-
tion thus flows betwcen functions or offices both horizon-
tally and vertically within a management structure.

Picture the computer center as an information processing
resource as one of the circles somewhere in the diagram.
Many of the arrows must flow through this circle, be pro-
cessed, and re-emerge enroute between functions. Information
flow, then, is often not dixect but through what is often a
"hottleneck." One can see one of the reasons for difficulty
encountered in locating such a "bottleneck" in an organiza-
tion.

There are many organizational and psychological implica-
tions to the preceding considerations. It is about some of
these that the remainder of this discussion is concerned.

One organizational implication of the foregoing concept

is that there is some loss of autonomy by functional units
in the organization. Data, for example, finds its sources
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Figure 1
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Horizontal arrows represent horizontal information flow between offlces.

& ~tical arrows represent vertical information flow between management levels.
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in two differont offidos that have traditionally been indepen-
dent of one another. These data aust now come together for
some yeporting purposes with the sawe {ormat. One office, for
instance, perhaps used to keep 1ts porsonnel records in alpha-
betic sequence, and another in social security sequente. No-
body worried that both of thesc offices collected data for their
collected name, onc¢ collected social sccurity number, and no-
body cared. Iut now the machine makes 1t possible for these
data to be meryed togethcr on one file, ond for the first time
a management report produced.  Such a situation could result in
two offices —-- which even report on different lines within the
oryanization - now b2ing required to collecet data in the same
format., 1t would als~ have Lo be brought together in time.

So the two offices now collect the data not only in the same
form, but they coordinate thniv schedulces as well. It 1s evi-
dent that in the process of developing the organizational con-
trols making these things happen, there is some autonomy lost
somewhere. There is a shifting of roles, a shifting of re-
sponsibilities, or a changiny reporting relationship.

In the last secveral yeavs, computerlizing information sys-
tems has come to represent status in an organization. The for-
ward-looking, progressive, promnotion-seeking kind of middle man-
agement exccutive in this day and aye, 1if he is not trying to
autornate, is probably conccrned about being overlooked. There
is often a ygrecat deal of status associated with being in the
"space age." AS a result, not only arc companies dolng things
on computers they probably cannot justify doing., they are of-
ten producinyg them in six copices when they may not need more
than one. Somewherc in the orgyanization, a manager causes
these reports to be gyenerated so he can fire copies all over
the organization. Somebody knows he's there and khows he's
automated, and his computer listing teclls you that he is a
progressive, forward-looking kind of manager.

Status, then, is one characteristic of automation. How-
ever, not only is automation a desirable kind of thing in a
status sense, but it is also threatening in that the same
people that want to ecmbrace the technology of automation are
afraid of it as well. At one time there was a great deal
being written about worker displacement, particularly at
lower levels. This combination of status and threat is the
source of much personal conflict and stress for managers
coping with “automation.”
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IV. The Design Process

what takes place in a design process? Many recipes for
design have been offered by different writers. It is appar-
ent, however, that most include in some form, the fol.owing
activities. It should be ncted that each of these activities
overlaps considerably with the other. Also, they do not al-
ways occur in the sequential position suggested, rather they
often occur concurrently. Nevertheless, it is possible to
group them for purposes of discussion.

1. Establishing Objectives (What is expected of the system;
what are its purposes and the goals to be attained?)

2. Consider Alternatives (what specific alternative routes
are being considered; what are the items to be allowed
to change in the process of seeking a solution to the
problems?)

3. Defining a Solution (This is the residue of the foregoing
process of evaluation of alternatives.)

4, Implementation (Follow-up, modification of design, etc.,
are all included here.)

Establishing Objectives

"What is it that the MIS is intended to accomplish?"
It comes as no surprise to persons who have worked in com-
puter centers that purposes of MIS efforts are not always
clear. Some seem to be based upon the premise that if
enough information is available, management decisions are
somehow better ones -~ "management by volume" might describe
such an approach.

As stated earlier, the present contention is that an

MIS should support a management decision process. To the
extent that this is a valid contention, definition of *the
decision considerations will at least suggest the informa-
tion required. To the extent that the decisions and deci-
sion-process is badly defined, the quality of the background
information system will be undefined as well. It is para-
doxical that our technology of processing information so far
exceeds our ability to use it, but such is the case.
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As suggested here, the objectives of an MIS depend upon
consideration of the organizational decision process. Ideally,
an MIS design process should begin with considerations of what
information is needed Ffor what purpose and to make what kinds
of decisions. Such an approach should allow clear goals and
objectives for the MIS Lo he developed.

Considering Alternatives_and Defining the System

Once one decides whalt needs to be done, only then does one
beyin considering how to do it. Frequently, it is assumed much
too quickly that it's a good idea to use a computer. Consider-
ing alternatives, then, one should proceed with automation be-
ing only one of the alternatives considered. One should also
consider not changing anything.

How will you know when you meet the objectives? How will
you know if you have a good management information system?
In order to know, one nust establish some measures on systems
performance. In most fairly sophisticated systems there will
always be some residual or failure of error. One should ask,
for example, in designing a fiscal information system what is
a reasonable amount ‘of error? Can an Accounting Report be off
a nickel on a million dollars report? Can it be off 3 cents?
It is evident that one may not determine progress toward at-
tairing goals if one is unable to measure system performance.

In developing alternatives one of the things that could
be considered in designing a system is whether or not it is
permissible to modify the organization. In the example pre-
sented earlier, there were two offices that were data collec-
tion points feeding into a single system. In the case of a
student information system in a University there are frequently
many points within the organization at which data are collected:
the library, the bursar, the housing office, the student act-
ivities office, the registrar, etc. In designing such a sys-
tem, however, coordinates the bringing together of this in-
formation must be considered. How is it to be fed into the
system so that it may be processed for purposes of generating
reports? The design process may include the consideration of
organizational adjustments, as contrasted with simply having
to accept whatever exists and work with it as best one can.
Not allowing reorganization to be considered establishes de-
sign constraints on the degree of sophistication the resulting

112



104

gystem can have. If (he ovganlzation does not coordinate the
offices, on= had bLetter not Liy Lo coordinate the inforwation.
At least if one coordiaatces the data, one should expect prob-
lems that aren't progranming problems that can't be resolved
by adding another shift in the computer center.

Another series of design considerations relative to al-
ternatives relates to the redefinition of work. Computers as
part of an MIS frequently chauge work activities. In making a
change, for cxample, frow a manual or a bookkeeping-machine-
oriented fiscal system Lo a conputer-oriented one, one is very
likely to encounler sowz frustrated fiscal people as well as
frustrated computer pecple, Their jobs will change, and the
"little old lady with the yireen egye shade" who for forty or
fifty years has had every little mark that went in the little
book under her personal control -- every decimal point and
every comma that's in therxre she pul there herself -- now finds
herself talking to some youny man who looks as though he hardly
shaves yet that knows more about what is happening to her data
than she does. He talks a gibberish that she can't understand.

How does one deal with the job problem? Her duties --
what she does &t her desk --- change, and perhaps the opera-
tion of the whole office that supports the responsibility to
be modified. Hence, one inust consider the work problem. How
will jobs bhe altered? How will the people be trained that fit
into them? How will the employees adjust from a psychological
point of view, and how will this adjustment figure be dealt
with? Over what time span docs one expect this redefinition
and adjustment to take place? As a general rule, the more
rapid one expects it to take place, the more disruption there
is likely to be and the stress generated.

It is evident that thure are a loc of things about the
organization and about the work of the pcople that are a part
of the system that should be considered, How one designs the
solution is strongly influenced by alternatives allowed for
consideration which in turn depend on the roles defined for
the computer center. Is the computer function within the
organization, for example, defined as a service function that
essentially sells time to the rest of the organization? Rather
is it in some fashion a support activity which represents what
higher level managemnent wants? ‘

Some additional "non-technical" design problems that must

be dealt with in defining an MIS have to do with work. Staffing
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levels that will be required to wake the system perform pro-
perly, not just in the computer center but in the office served
as well, should be studied at some point. The transfers that
will take place, if any, and the retraining must also be designed.
It is often forgotten that retraining activities don't spontap—
eously occur because they are needed. They have to be planned
for and the staff procurzd to give the instruction, ctc. In
addition, one may require wage evaluation studies so that one
may establish new job categories (for example, a computer center
coordinator function within a using office, or a data clerk man-
ager, or somcthing of the kind to do the interfacing with the
using office and the automation center).

One must yive some consideration in implementation of a
system to the phasing and the timing, the paralleling that
needs to take place. Much of the time when the new informa-
tion system comes up because it's prone to having problems,
one continues with the old systems and carries through with
the new ones in parallel awhile and at some particular date
discontinues the old ones.

It is possible that during the period of parallel runn-
ing, the time during which workers are trying to do both, one
may necd sone temporary additional staffing. People will be
trying to keep up everythinyg they always used to be doing
while learning a new technology and adjusting to it, etc.

So, one may need some temporary staff increases during the
parallel period.

In managing the schedule of implementation, it is impor-
tant to recognize that many of the typical requirements on the
machine come in peaks and valleys as do requirements on staff.
One must plan some load leveling or end up with all reports due
out on the first day of the month and nothing coming out on the
third. Real life just doesn't work that way most of the time be-
cause such a situation requires a big enough computer and a big
enough staff so they could get everything out on the first day
of the month and then sit on their hands for three or four days.
The load-leveling functions one wishes to apply, may imply some
modifications within the organization, so that instead of gett-
ing a given set of reports out on the first -- although it has
always been done that way -- onc report gets out on the first
and a second one on the second, etc. In summary, the implemen-
tation phase is the point at which everything goes wrong for
a while and then, if the design has been good, begins gradually
to improve. Needless to say, it is the period of greatest --
sometimes traumatic -- organizational and human stress.
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V. Summary

In summary, what has been suggested is that automation
brings -- whether planned for or not planned for -- some or-
ganizational and human stresses and strains. An organization
and the people in will undergo some psychological stresses and
strains as a management information system is brought up. The
suggestion emphasized here is that one recognize it for what
it is and manage the change; plan for it; deal with it; work
with it as oryanizational and psychological change. Don't con-
fuse it with technological difficulty. It is difficult to tell
sometimes which is which, but at least admit the hypothesis that
it may not be what it appears to be.

VI. Questions and Answers

Question: You talked about the problems within the or-
ganization; how about problems between the organizations
when you have two separate controlling factors?

I think generally that the principles I described here apply
in either case. What one considers an organization is some-
what arbitrary. For instance, we have two campuses at SIU,
and some of the kinds of things I talked about that might
happen between two offices that have Lo provide data for a
single information system apply just as well when there are
two campuses involved; one just draws a bigger circle.

Question: What about the problem of utilizing and really
knowing what you are dealing with in terms; well, let me
give you an example in a large city where they want a
computer report. Although it worked and they gaged the
time and all, it disturbed parents historically in what
they expected the time, the kind of report, and so forth,
and so they dumped the system. What kinds of preplanning
can be done in the PR and that kind of stuff?

Well, in any specific case I think one would have to look at

the situation itself to try to assess this. You are not always
going to anticipate all of them, and the fact that some graup

of people over here dislikes being identified by social security
number rather than by name which we went through a few years
ago, you know, there were groups formed --- they may still exist,
I don't know -- that disliked all numbers when you dialed on the
telephone, and when they dialed up the telephone they said I
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want nunber 4,735,213 instead of the normal way of asking for
a number to try to thwart the system.

But cducation I think, broadly defined, is the approach
that is needed. Dealing with it before the fact rather than
reactingy to it after the fact is what I would plea for inasmuci
as is possible, and I think recoygnizing this aspect of automa-
tion is an important thing that the manufacturers and vendors
of hardware don't talk about much. They don't warn you about
these things. You get the middle of it and things start to
collapse and sometimes it's not clear why, Lecause you were
told that all these if you just have a fast enough machinc and
a big enough machine and enough terminals and "zap"; all thesc
good things will happen to your organization, and instead, they
are bad ones -- at least in the early stages. Appreciate the
reason behind this may be that your concept of what a management
information included was not big enough. Much of the time you
thought only of what happened at the machine, and what was hap-
pening was at a lot of placcs in the organization and not just
at the machine. Education, I think, honesty on the part of the
people that are marketing. Comwputing literature is surrounded
with a yrcat deal of promotional statements and it is difficult
to discriminate between what is promotional and what is a true
statement. We need experts who are able to do this, I think,
and who intend to do so. I don't know i1f I answered your ques-
tion or not.

COMMENT: I think the problem that I found and several
other people have found the same thing and that is the
age transparence. Young bucks come out, you Know, as
you described the fellow who hadn't shaved yet. There
is a gap, but who are you to tell me this is any better
than T have lived forty years? So, there is a distrust
of the new movement as to whether you are going to be
done in by this.

You See, you have several levels at which this is taking place.
If you are the guy who is the boss over both, you see, and you
hear both stories, how do you deal with it? Your fiscal manager
bows his head and says "I have had enough of those so-and-so's
over there at the computer center; they re~ran my job 14 times
last week, and I'm sick and tired of this automation because I
have always had my report out on the third day of the month and
ever since we have been un that ding-bang computer over there
that does things in micro-seconds, it's not been out until the
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cighth at the earliest.” On the other hand, the ccuputer man
comes and he says, "Why those silly peoplc over there in ac-
counting; they can't do anything right; they give us bad data,
and then they give ns schedules we can't meet, and they give us
this and they give us that." You are the guy 'vho has to make
the decision to resolve bhoth. How do you evaluate that situa-
tion and decide what to do? I wouldn't want to be that guy
either.

COMMENT: There's another prohlcem that I have never heard
discussed but we have expericnced, and that is the whole
area of securitv and the vulnerability of having all your
eggs in one basket. Somehody dot into the computer and
held up in this case all grades and all credits for two
semesters to apply on credential.

I have a fellow that worked for me that was at the ventagon
when they had a big fire, and you've seen pictures I'm sure;

I think the vendors of the vaults or things use this picture
to advertise their five protection equipment. The tapes just
melt and run down to the floor in that kind of a case. So it
can happen and it does happen. The only thing 1 could suggest
is that good attention to the vital nature of your files, re-
cords management procedures, and backiny up your vital records
in an appropriate fashion; for c¢xample, a simple thing like
copying the tape and storing it in an alternate spot can be
done. 1f you've got a one of a kind computer, of course, and
it gets bombed or chopped to pieces, that is another problem.
Anticipating the need for back-up procedures and back-up files
should be done for your vital files. 1I'm not enouyh of an ex-
pert in this area that I can advise you nuch, but I do know it
is an important one, and we have done some wwinimal things along
that line.

COMMENT: This can be related to something we've already
spoken to, but I'm still, I guess, troubled because in our
institution competition for the rrnsources of the computer
as far as time presents a real problem because the acade-
mic need of this and faculty use of it seems always to
take second place to the bhusiness office use of the com=-
puter because the computer center executive reports to

the man who is in charge of the business operation.

There are several ways you can change that, of course. One is

an organizational change. If he'd report to the registrar, it
would quickly be the other way arcund I suspect, I don't know.
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Question: Well, let's say that the organizational change
is probably not likely; what have been some of the things
that have heen successful?

Well, I would rather talk about some things that might be suc-
cessful in theory rather than lave been successful here. Some
places have an overcharge for priority considerations so that,
for example, you can adopt as a practice a policy for running

a center on a first comec first scrve basis except on an over-
charge, in which case people can buy an advantage. Things like
that work morc appropriately when you've got egual status in
project claim, as you might have, for example, for some purposes
in an academic research shop where you have a lot of faculty re-
search going on, ecach of which has cqual plan and equal status
and equal money and so on. At one school, and 1 thought this
must have been an intercsting thing to watch, they had an auc-
tion bid practice so that the computer schedule was posted and
people would bid on it and you could bump somebody clse by pay-
ing a premium. I don't think that worked very well, hut it is
an approach.

The answer is here; if you have another objective you want
to meet and you Xnow what you want the performance to be, you
can design ways to do it, either in the procedures that you
prescribe that your computer center people follow, you know,
overcharge people that want to bump somebody else, or in your
predetermined schedules so that as an institutional consider-
ation people yet paid before thez accounting office gets records,
before students get grades, or something like that. As a policy
matter for the institution that the worst possible arrangement
I think is simply to leave it to the judyment of the operatjons
manager in the computer center, which is done sometimes simply
berause nobody else has got guts enough to deal with it.

COMMENT: There's a discussion of that in a bhook put out
by the American Council on Education over at the computers
on campus that deals with that great problem. One of the
solutions was, there was more than one of course, some
schools just get two computers, Another solution is to
have the computer center director report to as high an
administrative officer as possible, and this puts the
referee in a different arena.

1t doesn't change the problem, but it changes the rules by
which it is dealt with.
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MANAGEMENT INFORMATION SYSTEMS DEVELOPMENT

Larry Hengechold

1. Management Systems Department

- Staff function sometimes applyiny functional
authority

- Coordima ting agency
- Interprets the rings of influence
- Areas of Manayement Systems
Forms Control
Procedure Manaycment
Records Manayement
Work Mecasurement
Electronic Data Processing
2. Responsibility for M.I.S. development
- Areas of responsibility
- Assignments for areas
3. Organizing for M.I.S. development
- Management Systems
Advisor
Project tean
- Line Department

LLiason
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4. Planning M.I.S. development

- Systems study

- System structures

- Data bank structure

- Subsystem identification

- System development chart
5. Control of M.I.S. development

- Budget vs actual

- Status review meetings

- Additional request control

In the development of management information systems
there are many aspects to considexr. But first, an identifi-
cation of the topics that require coverage. What is a maraye-
ment systems department? What is its function? Who has the
responsibility for M.1.S. development? How does one organize
the staff of people who are management systems in order to
begin management information systems development? How do we
plan information development? Finally, how do we control
management information development and what are the key ele-
ments for consideration in a development situation?

Some of you may or may not be directly related to a data
processing section, or a management systems department. What-
ever your assigninent may be, we will be covering the topic
from a two-sided approach so that you will be able to relate
to it. We will discuss what the user department's role is.
When I refer to the word "user" 1 mean the customer of the
data processing services -- the registrar, the vice president,
finance officer, or whoever it may be. On the other side,
we will talk about the management systems role either within
a department of data processing or separate management system
department within the university or institution.
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First of all the management systems department is a staff
function in the institution which soretimes applies functional
authority. Now what does this irean? It is a staff function
because it provides services to tho institution as a whole.
They apply a particular specialty in terme of informition
systems design, coordinaticn, and ete., Somctimes functional
authority is applind in terms that will state that somethiny
should be done a ccrtain way for the betteiment of the uni-
versity (by the authority or the person we report to). An
account number structure should be a certain way or we nust
have specific data at a certain time. Functional authority
in terms of dictatorial statecaents sometimes ave required to
bring the pieces of the information system together at the
appropriate time,

Basically though, tie management systems department is a
coordinating agency. The staff works between departments;
between sections of the university or institution. Integra-
tion of data many times ncans designing compromises or arrange-=
ments between departments (e.g., a dean of students or a regi-
stray, or a dean of admissions and records). Many times the
jealousy between people in vavious positions will appear.
Another e¢xample is the arrangenents for an institutional re-
scarch function because they reyuire information on students,
payroll, personnel, and fiscal information for cost studies,
utilizations, etc. Coordinating, bringing all of these picces
together at the appropriate tire and automating it at the
appropriate places is the assignment of a ranagerment systems
function.

There is one other function of management systems depart-
ment and that is interpreting the effects of the rings of
influence to determine the structure of the information system.
Figure 1 shows the rings of influence which affect "Compre-
hensive Administrative Information Systems.” This series of
concentric circles represents the rings of influence that
exist within the organization or institution in terms of the
information systems. The outermecst ring is the policy level,
Here we have the board of trustees, the general administrative
of ficers, and a higher board. Some states have a higher hoard
of education or state agency which influences the institution.
The policy level issues general policy statements, in general
the direction of the information system. We move down to an
operating level ring where we have sections such as the busi-
ness affairs, academic affairs, and student and area services
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department s, These peopite duterpret the policles, make deci-
sions, and imply certaan characteristice to the information
system. Finally, we have the proccdural level riog consisting
of five basic arcas. By porfoiming in thoese oreas, managenent
systems interprets the rings of intluence from the policy
level, to design. form, and cleg:e the infowmati n syctem as

it is to evist insid the noiversity or to anstitution,

Noww we will spend o fow mtnules talbing aboats Lhosae tive
arcas. L wani te do this o lictle inrormatly so anylime any-
body has any questions bring thew ap at thal fime when every-

one Ix thinking about the cuabject arca.

First of all, forms control. Here we arce talking about
an invenlory; we are talk.or about o design gituation; ve
are talkina aboul an approwal:s o are tadKirg abeut construcs
tion of forms ond cost of forwm:, Asy wnstituvtion will have
several thousande of forn. looting arownd, Hoew mony times
have you desioned a form, dittooed it, wiweograplcd it in
various guantitics, or purchascd on ron o wanutacturer,
Duplicate your et fomits by Lhe vusber of rocople in the Lnshi-
tution or the nupher of treca? officer: 0 'he university.
Hose many fovmes doo you have!  Hoaw waay Ulgess e you have stu-
dents or other people 114 vt applicatron data tor ditfferent
reasonsY  How pany tiwes doyou ropeal pome, addres::, o lass,
cle., on ecach data colicctwon (orwy  Why not collect 1L once?
All of these qguestions contribute te costs,

In order to (et forns ceabiol, you rust cstablish a forms
management program. First a mapual should be published to
cxplain forms nanagement procedures. A copy should go to all
of the fiscal officers and anyonc who iway have contact with
forms in the university. He should Xhow how many, what their
cost is, what they're used for, etce., Is your form duplicating
another? Is your form collecting the same information as that
one? This Lype of of fort can =ave nany thousands of dollars,
In many institutions a good forms minager can save two to three
times his salary in cost-savings, Another of the forrs .sana=-
gers responsibilitics is design,  For oxample, you design a
form and have business forms company print it,  Maybe you are
a halt inch off of standard papet sise. Hew are you to Know
what is standard paper size, or what i the standavd printing
characteristics, cte.?  You o1e nobt o forms spectalint, but
if you have the help and advice of o fowns specialist, you
can save many dollars by obtaining what they call sloeck torms
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or eliminating special printing setups. This is part of a
total management systems cffort, Of course, if you have a
central publications unit in the institution, the forms mana-
ger will work with that unit. They are part of the program.
A forms program is a cooperative arrangement between thiee
functions,

The next arca is procedures management. In procedures
management we arce talking about written procoedures for various
functions inside Lhe institution. There exists several levels
of procedurces management.,  The most general would be, lor
cexample, a procedures manuel for business affairs. In this
manual arc cxamples of all ol the forms, rcequisitions, appoint-
ment papers, ctc., that affcct the business function of the
university--normal day-to-day business functions. Each fiscal
officer of the university should have a copy so that he may
discover haw to ygyet something accomplished. I want a work
order from physical plant, what do I do? How do I fill it out?
What information should appecar on it?

AUDIENCE: You arc talking about cach fiscal officer, how
many do you have here?

SPEAKER: I don't remewber how many fiscal officers exist,

but there are some 350 or 400 manuals. Each fiscal officer
and other pecople do have them. In an academic department,

the department chairman has a copy ol this book. Any aca-
demic department or administrative department would have them.
Also, various officials above the departmental level would
have a copy of this manual. 1t is the head of any budgetary
unit that might be requesting work.

The mdnual covers anything from physical services to
travel advances, architects, cven university housing. Thus,
we have a synopsis of all the procedures to get something
accomplished. For examplce, if you werce appointed as depart-
ment chairman or to an administrative position in the univei-
sity, how do you {ind out what yoes on? First, you .night
pick up the phone and ask John Doe or you talk to somebody
clse, However, if you have one of the manuals, you can simply
go to it and look up Lhe appropriate information, become con-
versanl with the arca and tivan it you have any questions call
the appropriate department head to get the questions resolved,
Now Lhat is an cxample of how o qet. ral procedures manual will
provide a general direetion indication.
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Each e partment or cach function in the university should
have a set of specific proccedures for that particular office.
It may encomp:iss many manuals. We might be talking about the
accounts receivable section of a bursar's office, or the stu-
dent evaluation section of the registrar's office or admis-
sions office. Lot us use the last example. Perhaps 6, 7,
or 8 people perform evalustion of student tranceripts.  What
are their procedurcesy  Arvrc they all the same?  New 10 one
porson has o question aboul the procodure, whem do they ask --
the supervisor? A new tralnee, a new lw:rsolenirbd in == how
do you train thert A procodures mantal cannol answer all
the questions.  You still nwrt have a supervisor, bul Lhe
manual i a guide.  JU js a place (o 1ebrieve antormat ion
about cach office. 1t costs in terms of time and pmoney Lo
build a procedurcs manual, ond it omast be built over a period
of time, Bul it is worlh ot in toerms ol trataing new people
as they come and o, in toerms of providing continual retcerence
information inside the vniversity., Now, what role does manhayce-
ment systems play in terms of a procedures manual tor a speci-
fic vffice. Well, managewent systews provides the standardi-
zation aspects -- standard format, standard indexing techni-
ques, standard identification of information that should be
in the manual, and forivat for writing, At S1U we have an
arrangement with the central publications office.  They have
a staff of professional writers. The depoartment can outline
in rough draft its information and management systems arranges
it in proper format. Then the staff of professional people
edit it for finalization and complcteness of English, etc,

Any questions now about procedures manual at this point?

1

The next area is recovds managemcnt. Tom mentioned this
carlier. Here we are talking aboul inventoring records,
papers, documents within the institution, We are talking
about retention periods, storage techinigues, and indexing
techniques for retrieving those ilenms., A formal approved
records management program should cexist in the institution,

A commission {committce) with outhority to establish recorxds
retention should be created. How lonyg should an application
stay in a filc? tliow long should the payroll infuimation
remain in the files of the university? 1Is there a bettcer
method of storing the inforration? By collecting an inventory
of all documents filed, we know what kind of information is
available inside the institution and haw casily it can be
retricved,
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The American Records Management Association did a study
of records management programs and developed somec of the fol-
lowing statistics:

1) Of all the records, 44% of the records should rem:.in
inside the individual offine.

2) They found that 24% of the rccords could be disposed of,
uscless paper that was not required.

3) And, 324 of these records could be transferred to a low-
cost storage facility. A ygroup of pcople may be set up
in a low-cost building storaye arca to rececive and store
your documents for a historical reference. These docu-
ments will then cost less in terms of storage facilities.
They may microfilm them or apply other miniaturization
techniques for minimizing the amount of storage space
that is required. Thus, the expensive storage space in
your offices is available for other usce. That is why a
good records management program should exist.

Another arca is work measurement. Here we are talking
about office standards. This is one arca that many univer-
sities have not worked on. It is a psychological problem
area because it involves time and motion studies type of work
to set standards on clerical procedures. Watching over
people's shoulder, evaluating the best procedure for handling
the paperwork, determining how many people are required to
do a given job are all pa:st of this area. Work measurement
is not very popular but it needs to be done.

Finally, the fifth arca is the magic onec in today's world,
clectronic data processing. All of you have been touched
by this arca at one time or another in terms of automation
in onc form or another. Therefore, not too much needs to be
said about the area,

Any questidns about what a management systems department
is and what it should do or can do for the institution?

AUDIENCE: Has your procedures for operation of the system
pointed out any arcas that are not necessary within the system

in these major arecas, thinygs within the arcas?

SPEAKER: Do you mean there's a subscection in some office on
campus that doesn't neecd to cxist?  Yes.
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AUDIENCE: You mentiored thousands of forms, and I wonder if
you have devoted time to thosce?

SPEAKER: Yes, we have., We have one full-time person, the
forins control manager whose full-time job is working with

and on forms 1n the university. o works with the printing
departnent, otfice scrvices, secrctarial pool, and the cen-
tral publications, They have climinated many forme. Since

we arce a two-carrpus institution, onc canpus would need a form
and so would the other one. Normally, they both would develop
something a little bit different yet somewhat the sawe. We've
been able to pool purchasing of feorms to get quantity discounts.
I don't know if we've actually oliminated any subscction or
section of o department at the university by changing the
forms; bul, we have by changing the information system and
design,

Perhaps you would consider recorganization as climinating
a function. For example, individual secretaries moved into
an officce pool using specialized dictation cguipment and
automatic letter-writing cquipment. In addition, we found
a situation where all the sccretaries and typists were send-
ing out form letters. The form letters were not the same
distance from the edue of the paper. The tab alignment was
taking time because they bad to arrange cach letter, put the
paper in the typewriter, set new tabs, etc., rather than have
a constant tab point. Preprinted forms in terms of form let-
ters can he a time-consuming function,

AUDIENCE: Have you found that the number of forms used has
grown by leaps and bounds?

SPEAKER: True. This is an age of information and everybody

is thirsty for more and morce facts and information. There-
{ore, everybody is urying to come up with new forms to col-
lect that information and store it, It scems, too, that every-
one has a desire to measurc himself by how many files that he
can have or how much informalion he can have at his fingertips.
Forms and records management tries to balance some of this,
while not keeping anybody from obtaining information. Trying
to optimize the situation so that he can get the best infor-
mation in the quickest possible time.

AUDIENCE: We've triced to do some of these things you've
mentioned in the way of controlling forms and assuring our=
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selves that they have some standardization, some aesthetic
appeal, good English and all that. We have been fairly
successful with business things and with things that have
college duplicating and printing service and so forth. But
tvery once in a while somebody wants to send something out

to 13 junior high schools. Hc runs it off on his own depart-
mental ditto wachine and sometimes the form will be an embar-
rassment to the institution. Now, how do you control that
sort of thing?

SPEAKER: Well, you are always going to have a certain amount
of bootleg forms. Someone is always going to ditto something.
The only way to stop it is slap their hands when you catch
them. If you have a central publications office and if they
are responsible for maintaining quality and controlling the
kinds of information that lcave the institution (for cxample,
to high schools and other junior colleges, or colleges), they
should call to the attention of the administrators that certain
department "a" is running a bootleyg shop. But, you can best
combat this by publishing an information booklet, a brochure
which publicizes the program. It should state that you are
not trying to shackle the departments bhut trying to help.

You can assist these peoplc with a smiling face rather than
trying to take a whip to them.

AUDIENCE: 1Is it reasonable to ask at this point, can you get
people to get information from you rather than from another
form?

SPEAKER: Yes, if you can provide timely accurate information.

AUDIENCE: I mecan for example, I think of a situation a typi-
cal one where each student fills out the same form for each
department. Evcry card is cxactly the same and the only dif-
ference is the hour and the course but he has to sit there
and write name, address, phone number, and other daca 15
hundred times. Do you manage to get his name, address, and
phone numbecr to the Dean's office, cverybody else's office
without all that?

SPEAKER: It can be done. It takes a combination of forms,
EDP systems design, information systems concept, ctc., but

it can be done. Here at SIU we have, in fact, done that very
thing. A class card does not go to a dcan or decpartment.
They get their information out of the student information
system.
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AUDIENCE: [ saw this tried ene time, that's the recason I
asked. And, they fell down so that they went back and they
actually had a duplicate systemn operating.

SPIAKER: Well, you can't say that all the information has

to be collccted on Lhis (orm and you can't collect it again

A gsecond time. Jt depends on the situation. If you collect
the majority of your student information but the athletic pro-
gram wants to collecl address information independently on

150 students, il may not be all bad in Lerms of 22,000, may-
be 23,000 or 25,000 students. So it depends on your situation
and comhination of events that you're tryiny to scerve and what
kind of results you expect. The guestion you have in terms of
getting the information is a matter of timing. How fast does
the dean or department chairman know about where this stu-
dent is, his address, or his classes that he's enrolled in.
It's a question of timing ~-- how fast can you turn the data
around?

AUDIENCE: Are you talking about a forms control or manage-
ment procedure?

SPEAKER: Ycs, a manaygcement control. It deals with all of
these because I can sce a nced for all of thesce things within
the division we are working. We're talking about 300 pcople.
Is it feasible on that level?

SPEAKER: Look at it this way, here is a forms control pro-
gram that we would like to have instituted in the university.
Define it and write it out, and then start by covering this
division or this section of the university first and bring
it under control and then move to the next and the next,

and so cen. So it is possible tco institute it, implement it,
on an evolving process. But, when you set up the programs,
think about the institution as a whole as much as possible.

The second major topic is the responsibility for manage-
ment information systems development. Figures 2 and 3 graphi-
cally represent our discussion.

The first one represents the arcas that necd control
whilc the sccond one represcents the assignments for control.
Using Figure 2 first, we nust divide it into two sections.
The first section on the left-hand side of the line is
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the development of information systems. On the right-hand
side we have the operating areas of responsibility for infor-
mation systems. During development people are going to have
certain responsibilities. Once it is implemented the res-
ponsibilities will change. The same people who developed

it cannot operate it. The reason will be obvious as we dis-
cuss it,.

New subsystem requests or modifications to subsystems
come in continually as shown by the arrows. They may be for
full information system, modifications, or segments leading
up to a total information concept. The first circle repre-
sents the determinatiun of the requests priority and approval
somewhere someone agrees that the request is worth spending
time and money. Once it is approved as a project, then it
must be assigned a certain priority. This one is first,
this one is second, etc,

Next is the arca of system definition in terms of the
new subsystem or system objectives., We have a title. What
is it? How do you define it? 1If I say it is a student in-
formation system, what does that mean to you? Each one of
you has a different connotation of those words based on your
experience and education. First, the thing that must be
done is to define the objectives, limitations, and charac-
teristics of what those words mean. Then and only then can
we move on the inner circle and actually design the specific
procedures and implement that system. Then we can write com-
puter programs, write customer procedures, design forms, and
whatever may be called for in the actual detailed design,

Once the system is implemented we cross the center line
and come to systems operation. Here we are talking about pro-
cedural accuracy. The first area is individual procedure res-
ponsibility. Who insures that data processing performs this
or that procedure accurately? What about the other depart-~
ments accuracy? Finally, there is an outer ring that encom-
passes all of the individual procedural steps. This area is
coordination, scheduling, and control of the operating infor-
mation systems. Usually when speaking of information systems
we do not talk about a data ank for a registrar and data bank
for the dean of students, and another one for financial as-
sistance. We think about a data bank that represents the uni-
versity as a whole and crosses departmental boundaries. There-
fore, political control or whatever word you want to use must
exist.
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Now that the arecas ore identified let us proceed to the
assignments of control and coordination. First, the entry
point for new subsystem requescs, modifications, etc. We
suggest a university data processing committee composed of
members from various segments of the university for approval
and priority determination. ‘After the approval and the
priority determination, we move to the new subsystem defi-
nitions stage. This is a split responsibility between manage-
ment systems and the line department, The task 1is to get
the definitions written down. It cannot be the responsibi-
lity of one person or department because in management systems
you just don't auvtomatically design rome magic formula which
is going to work. Management systems pcople do not know all
things. They do not know just how a system should work. The
line department people have the knowledyge about what happens,
what problems cxists, what they arc trying to accomplish.
Systems personnel provide certain expertise in terms of tech-
niques and methods to solve problems. The two groups work-
ing together will get the problem defined. Neither depart-
ment controls the other,

After the definitions are written the next stage is the
actual systems design. Again it is a shared responsibility
situation. If the line department dictates to the systems
people, it will cause some inefficiencies and create problems
later on in the system. Or if the systems people do the dic-
tating they may over-look areas that must be part of that in-
formation system. Together a complete development task can
be accomplished.

Then as we cross the line to the operations side; each

line department that has a role to play must guarantee its

own procedural accuracy. In other words that manager, that

supervisor, or whatever the title may be, who is collecting

or preparing information must maintain his own procedural

} accuracy. Data Processing's operations section, the people
who run the computers day to day, must do their part in main-
taining their own procedural accuracy. There is one other de-

] partment which you may create and it is called data control.
If you have many many departments that are trying to feed
into the same system, it might be to your advantage to create

l a function called data control. They are a watch dog or care-

taker. If the data has to be in on 5 o'clock Friday, they
make the proper telephone calls, collect the data, and act as
a transmittal agency to insure it all arrives on time, and
that the reports get distributed on time.
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The outer ring repilesents overall operations system
management control, This assignment will depend on cach in-
dividual institution. Maybe it's an assistant to the chan-
cellor, the vice president, whatever the title might be--
somc one who inserts his fingertips and monitors the opera-
ting system. In many cases in a fiscal division system the
chief accountant is the person who monitors or coordinates,
Some institutions may ¢all him a controller. The important
part hoere is that management systems does not play a role in
the operating of the system. They only pariicipate ir the
development of the system. 1Its purpose is to develop, modify,
chanye monitor systems and not operate systems., If ten people
develop systems and then play an operational role to patrol-
ling those systems to make them work, you arc in for expensive

rouble, because you need ten morec people to bring up the
next system and ten more for the next one, in addition, this
approach duplicates work, Many times this is done because
someone in a line department will not pick up the responsi-
bility. Probably they have been told “you use the automated
system”, but they really don't want any part of that informa-
tion system.

The line department has a very important role otherwise
a very expensive failure will cxist, It is the line depart-
ment 's responsibility more than it is the data processing or
the management systcems department's responsibility. They
are the line personnel operating the system and making the
decisions. Data Processing is a staff function thus an ad-
visory staff. Now that sounds different, I know. Some of
you were annoyed about the question that was asked earlier
about the young guy who hadn't shaved yet dictating this is
the way it should be done. Do not let him control the system
because you cannot abdicate your responsibility in any informa
tional area. It is yours. You have to play your role in
operating the system, defining it, and making it work.

The third topic for discussion is organizing for manage-
ment information systems development. In the areas of respon-
sibility I stated managcment systems advisors do the defi-
nition of the subsystems, concepts, terms, whatever it might
be. ‘This person should be 2 senior systems advisor. When
the initial request for a problem solution is approved the
task is assigned to a senior advisor. His job is problems
definition. What is the problem that we're trying to attack?
His job is subsystem Gefinition. What picces make up this
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problem. What subactivities in the university are part of
this problem? His job is making office studies by visiting
that particular office and talking to the people who are doing
the job. Not just a supervisor, but the clerks who are actu-
ally processing the work in order to find out what is going
on, what the characteristics of the job are, and in conjunc-
tion with those line departments formulating a strategy to
design and implement the probilem solution. Nothing has beean
done with the information systcm yet except try to define it.
If this task is completed correctly then good information
systems can be designed. If this job is incomplete because
of wrong information, then the system is doomed to failure.

After a systems study is completed, then a project team
can be assigned. A person named as project leader with pos-
sibly two or three people can make up the teaam. Their func-
tion is to take the definition and within the bounds of that
definition, design in conjunction with the line department
the actual subsystems, write the procedures, write the com-
puter programs or whatever else might be required to imple-
ment the system. Afterwards for a series of months or what-
ever might be required, they will trouble shoot the system
working out the bugs and the problems. During this entire
process, the management systems personnel worked with the
line department.

Before urdertaking a systems effort ask the line depart-
ment for a liaison person to be assigned full time to the
effort. This liason is usually a staff assistant tothe de-
partment head. If it is the registrar's office it may be
the assistant to the registrar who doesn't have a line func-
tion in the registrar's office. The staff assistant in the
fiscal division should be relatively higher than the subde-
p2rtment level {e.g. Bursar) of the organization. The liaison
participates in the definition, in the design, in the imple-
mentation, and provides the continuation for operating and
coordinating the system after management systems leaves the
project. If a clerk processing data has questions to ask she
goes to the liaison. The liaison is the expert for the depart-
ment, not management systems. Thereby, we get the continuity
for operating system. A few systems people can move from pro-
ject to project developing the various segments of the infor-
mation system.
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AUDIENCE: 1Is your project team leader a d:fferent psrson
than your senior systems advisor?

SPEAKEk: Definitely a different person. Definitely and de-
liberately. Many institutions have found themselves trying
to search formoney becausc some day the analyst wants more
money or he is leaving with all the information about the
system in his head, We don't have that problem. Oh, we try
to keep people happy, but the information is in two person's
heads the person who did the definition and the person who
did the design.

If you have conbined analyst/programmer shop, cveryone
is expected to be able to do both analysis and programming.
But the senior advisor has been around the longest. He knows
about the politics and the internal characteristics of the uni-
versity. All the things that o r make or break a good system
can be best observed by the senior people who do the defini-
tional work. It really works because you sit down to make
sure you have completed the homework. When you're through
you can say, "yes I know what this system is all about, I
understand what the words student information systems means".
It is a check~point. 1In the first session we actually had
onec of the liaison people describe his role because we felt
that some people would not believe it.

There is one other point I would like to mention at this
time too. I do not believe that there is a person in the
world who can be a master designer. No one can design in
one step an entire information system. There are too many
pieces, too much complexity, too many scyments. The system
advisor's role is definition of scope, constraints, etc. on
the information system as a whole. The strategy sessions would
determine what certain subsection of the entire information
system and designing sub-pieces or subsystems.

Extending our discussion along this same line we enter
the fourth topic which is planninr management information
system. When the advisor talks to the department's person-
nel he does what i3 called a systems study. It is performed
in three phases. The firsc phase is to understand the current
system. JFinding out what is going on at the ygyrassroots right
now, The seocond phase is determining the requirements for
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the new systems. Do we have to have this information daily,
monthly quarterly, etc? Many kinds of requirements need to

be met. The third phase is defining the new system, its con-
straints, its scope, its problem--orientatio:sn, etc. During
this process there will be three basic activities taking place.
The first is documentation. The second is analysis. The
third is synthesis.

1 2 3

——————y

Documentation
Analysis

Synthesis

The above pictorial show that the first phase, under-
standing the current system, most of the time is documenting
the activities that exist. Very little analysis of those act-
vities and still less synthesis is pertformed. During phase
two the picturc changes somewhat. While determing the require-
ments for the system very little documentation is accomplished.
Hopefully, that information is already capturced. The con-
centration is on analysis of the requirements and very little
synthesis. But in phase three which is defining the new
system the picture changes. Synthesiis and documentation are
the key activities with a very little actual analysis. Thus,
the definition is accomplisled by placing the pieces together
in an organized fashion and writing them on paper.

Now the systems study is not different from what you
have done many many times yourself. It's applied in a dif-
ferent dircction, with different questions and results.

But you have completed this very same thing yourselves. You
performed the very same things. You documented your dcta
through research and collected the facts, and figures. After
analysis of the papers rcquirements you finally arrived at
your conclusion and wrote the paper. It is same process
applied in a different aspect toward different goals, dif-
ferent activities,

Now what is it that the systems study is lookiny for?
Well, the process aids the attempt to identify the make-up,
the structure, or integration of the information system.
What 1f XYZ institution had to establish a personnel and a
fiscal financial information systcm. What are its sub-parts
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or subsystems. One would be employee benefits. Another

would be payroll. There are many others but this will giv

a good example. The payroll is a syb-system of the fiscal

and personnel systeis because of the charge back to the de
partments for the amount of :noney paid as salaries. Therc . ,
the pPayroll as a subsystem feeds boththe personnel and the ’
fiscal information system. Thug, some integration of the : ‘
formation systems appears. Thesc are items that need defi .
nition, pictorialy the above discussion would iook like th-: - 1

B T N .}

System PCEionnel Fiscal

Sub-System Employec Benefits Payroll .

within cach subsystcm there exists many individual ac
vities. For cxample employee benefits is made up of insu
vacation, sick leave, credit unions, ctc. The payroll sui
system is made up of time cards, tax deductions, other dc¢
ions, checks, etc. Bach of these activities contributes t.
the information system. Therefore, the pictorial might look
something like this:

System Personnel Fisc .
e . :
. \\_ /
Subsystem Employce Benefits /)?Payro
f\\ "\ /, 1\ !
Activities Sick Leave Vacation Insurance Time .

Carads AN
Aras ‘)é\ )

Again the integration of systems can be seen in the in-
surance activity because it provides data to «wo sybsystems.
Upon complction of the picterial the integration of activi- 4
ties, subsystems, and systems can be readily understood. The
definition is taking shape. Further work will identify what ‘
types of data is passed from level to level in the structure. B
It will identify time frames, departments involved, and levels
of the institutional organization.
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Activities can gererally be classed as data collection
functions. Insurance apglications, time cards, and vacation
slips are forms used to collect facts for the subsytem. Even
a check is a data collection document because it is a "turn-
around" document. It feeds still another subsystem such as
bank reconcilliation. Another example of a "turn-around
activity is the returnable tcar off form used in accounts
receivable collections.

Subsystems arc usually intermediate data ma3ssaging func-
tions. Data is assembled, processcd, and published in many
ways. Publishing may entail passing on summarized facts to
a higher level or printing audit trails for historical or
referernce (c.g, vouchers, alpha lists, etc.). Sometimes
rmultiple levels of subsystems may exist.

Systems cover a broad territory. Generally it represents
a broad category of facts which can be massaged to provide
information for decis./on making. Currently experts cannot
agree on the exact definition but they generally agree to
three categories. These are "the management information
system", operational information systems, and minor systems.
I contend M,I.S, is based upon simulation and modeling utili-
zing data from operating systems such as personnel, fiscal,
and student. Mincr systens are those which do not recadily
integrate or are smaller in scope such as a library informa-
tion &£ tem,

Enough about system structures because there is more to
the definition or system plan. Continuing with the concept
that « master design does not exist the next step is to super-
impose a data bank structure upon the information structure.
What data files must ecxist? What is their function? What
populations are contained in the files? Are they autowated
or manual files?

Figurc 4 represents a technique for rejresenting the
data bank stzucture. It represents the dat. structure for a
student information system. First, the files ar2 divided
into three major catagorieg, These are:

Auxiliary pata - Basically an inventory of facts which

a relationshiv with the primary data
banks.
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Active Data - The files are the primary data banks
containing information direcctly per-
taining to the information system.

Inactive Data - These files also relate to the informa-
tion system but in a historical sense.

The vertical lines drawn betwecen the major catcgories represent

a defined division or transfer point between data banks. The g
first line in the cxample identifies when a student progresscs
from the admission idler to the active student profile. The
second line identifies when a student passes on to the in- ;
active student profile.

Down the chart are the various kinds of data banks. For T
example, in the auxiliary data cateqgory exists the admissions l
idler, pecople asking to come into the university: a timetable,
the listings of scctions, quarter by quarter or semester by
semester; a course master, all of the approved courses for t
the university; ctc. Auxiliary data is basically an inventory
of information that affects the master files. Now the master
files in this case, ice the active student data banks. The ¢
course offerings affect the student files. What sections are
open or closed? What courses are offered at the university? I
What lousing is available?

The active data can represent many types of populations, i
as you can see, because . student traveling from admissions :
to five years non-attendance goes through various stages of
activity at a university. lHe has applied, been admitted,
but not attendiny, registers, attends, drops out, and he re-
cnters, drops out again, and finally stays away for five years.

L m—n

So we have various groups, what is called populations,
within the active student data banks, The same definition
holds true on the inactive data, As in the ecxample the in- i
active data may have registration information, attendance in-
formation, ot people who have financial contacts with the
Foundation, or alumni activity.

e e

The chart will shaw those files which can be antomated )
in terms of EDP and those files which my be manual or may be i
in a miniaturization state. For exampie, the circles repre- ’
sent clectronic data processing files. The rectanjles repre-
sent what could be considered the microfilm files or the
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paper documents tiles. Thus, the auxiliary data contains an
admission idler, and EDP file, but also down at the bottom

it contains admission document file. It shows a duplication

or a back-up file. If something happens to one the other still
exists. It also involves looking comprehensively at the in-
formation system not only the electronic data processing,

but applying forms, records management, and the other systems
concepts.

In conjunction with the data bank structure, a defini-
tion of what subsystem data exisis in the files must exist.
Figure 5 depicts a technique for describing the various types
of subsystem data in the file without identifying the speci-
fic fields (ec.g. name, address, dept.). This form outlines
the planned groups of data items that will be in a specific
data bank. In the example the vertical double lines identify
the admission idler and admissions docuament file, the active
student data, and the inactive student data. Indicated also
vertically is the five stages the studenl passes through. He
is waitinyg admissions, admitted bul not in sdiool, in school
a possible recentry, and then finally in a history status.
Listed down the page ie the various subsystem data that will
be available in any one ot those five states.

At the waiting admission status exists admission data,
readmissions data, biographic data -- (number of brothers,
sisters, demographic information), American College Testing
Program admisslons testing data. This data is available at
the time he is awaiting admissions. The admitted but not
in school status allows other data to be added. For example,
the student may find housing or receive a scholarship. All
this information can be added to the data bank because it
was defined ahead of time and planned for the system. This
is all part of the definitions required to identify what the
words "studenls information system" really means.

AUDIENCE: On this, we have five vertical columns (Figure 4
& 5. net's just ray scholarship data. On this particular
sheat, what kind of symbols do you use to provide that kind
of information? 1Is il a symbhol that refers to a disc or a

card or a tape or what?

SPEAKER: The symbols on here do not identify whether it's

card, tape, or disc. All we are trying to do is itemize
in an cffective definitive fashion the kinds and types of
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STUDENT INFORMATION DATA STRUCTURE

Auxiliary Data

FIGURE 4
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data that will be required. 1It's a control document in terms
of identifyiny and presenting a definition of all the various
pieces in the system. It does not necessarily say that it
will be either a tape, disc, or microfilm.

AUDIENCE (cont.): I understand that; that isn't really my
guestion. This sheet is just to help you organize, or is
the sheet for a particular student .

SPEAKER: This is for the information system as a whole.

AUDIENCE (cont.): I see, you don't record any information here
for any particular student?

SPEAKER: Not on this particular sheet. This is not a data
collection document. It is a definition technique to say
inside the student information system as a whole we have ad-
missions data, readmissions, biographical, grade average data,
testing data, other senior tests or sophomore tests, etc.
This is the information that makes up a student information
system. It does not show any of the actual system design.

So it doesn't show data flow. This is done when you actually
get into the design. The actual design prccess will inter-
pret the definition. For cxample, a ruvquest arrives for a
transcript of a student who has been in nonattendance for
more than five years. The information can be located in

the document file cvhat is indicated here in the inactive stu-
dent documents and the transcript information will bhe there.

AUDIENCE: At what point do you destroy or make the decision
to destro,; what kinds of information and preserve indef1n1tely
what kinds of information?

SPEAKER: This is Lased upon a records management program.
This will be brought before a commission or a committee on
records management which maybe lias your legal advisor and
other persons who will advise as to how long you must keep
various kinds of documents. It depends on state laws. It
depends upon internal regulations, etc. You must have people
on this committee who understand and know the university

and have enough power to make these kinds of decisions. 1If
the commission do not exist, then it's up to the individual
department head. He must make « decision.
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The data banks have been defined and the subsystem data
identified. 7The whole information system has been struc-

“tured into act:ivities and subsystems. The last stage of plan-

ning is to pliace much of this information in a format to
show a planned development effort for starting and <ontinu-
ing toward the assessed goal. Certainly something as large
and complex as an information system must be built in stages
encompassing many man-ycars of clfort.

Figure 6 represents a technique for prescnting the stages
cf the student information system. LIExample, the senior systems
advisor or planner attempts to build a road map depicting
the strateqgy for action on the information system. He depicts
the stages represented by the bold vertical lines. Also,
each data bank and subsystem is depicted with its main inte-
gration points. If one was daring and bold, an elapsed time
frame could be placed across the top of the chart to depict
target dates.

The first phase of Figure 6 shows the information that
was required to start a student information system. The
chart identifies the various segments or subsystems that feed
into the data banks. FPF,r cxample, c¢lass sectioning flows
through the timetable auxiliary [ile and then into the stu-
dent profile. By reading the time frame (rom the left-hand
gide to the right-hand side, it shows that the Housetable
and its subsystems would be designed before financial aids
inventory subsystems. Thesec subsystems: c¢lass sectioning,
admissions, tuition, and biographic, ACT, accumulative grade
average, selective service, yrade collection and state scholar-
ship can easily be defined as the most basic subsystems in
the student information system.

Now that the planning is complete {(and approved), the
next step is to assiyn a project team. Ccmmit people to do
the design work. How is the design cffort controlled? How
do we make pure that <tages will get finished withirn a
reasonable amount of time? The answers can be found in topic
five. As in any research activity there exists a budgeted
versus actual situation., I budget "x" number of people for
"x" namber of days, manpower, to bring up this system over
a period of time. Then I capture actual experiences and measurce
it against budgel, against the projection, It is a very
simple technique, or it can be a very time-consuming, complex
technique, as PERT and CPM.
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There exists many budget to actual measurements for com-
paring and controlling the development time frame. The
simplest technique is, of course, I assign you to the task
for a year and you accept the challenge. You are committed.
In effect Y have budgeted one person for a year, whether
consciously or unconsciously.

Another simple technique is to draw a Gantt chart. Figure
7 is a sample of the Gantt Barr chart technique. The weeks
are placed across the top of the chart and dewn the chart
is placed the various analysts who are assigned to that pro-
ject, Analysts E,rF, G, and Il. It shows Analyst E will be
working on the weekly reports for ten weeks and will start
with week one. 1In week nine he starts and overlaps on the
17th day reports. Analyst F will work on the weekly reports
only for 6 wecks and will start sooner on the 17th day. Thus,
it represents projected manpower =-- budyeted manpower acti-
vity. Now, of course, this means for control actual elapsed
time will be indicated based upon daily time cards.

The chart should be used in periodic status review meet-
ings. It represents mahpower assigned to the task and what
the projected timetable is in terms of budgeted activities.

It will also show that three weeks or four weeks of manpower
have been invested., But, how is the system? 18 it a good
system or a poor one? There is no real way tn» measure this
except in terms of status meetings. Three levels of status
review meetings could exist. They do not have to be scheduled
meetings. The best type is "as required.”

The first one is a project team review. The project
leader calls his team together to discuss the project. Is
Analyst E going to be ready in time so that Analyst F can
do this in time so that Analyst G can do something else on
time? How are we doing? Are all the edits going into that
program or all the steps into the system by the scheduled

time? 1s it going to be good quality or bad quality? Re-
viewing over and over, discussing, comminicating, and co-

ordinating the activities. The second level is the manage-
ment systems department review, The advisor will join in

on a meeting to talk about the application. Again == is it

on time according to the charts? Are there any definition
problems? How did you interpret this activity? The third
level is a status review meeting with the customer. Meet with
the line department to keep them informed. They are part of
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design. How are they doing in conjunction to your part of
it? Perhaps they are creating test data to check out the
system. Perhaps they are coding massive amounts of infox-
mation. A library conversion can take a year coding all the
catalogue information sheets for converting to autonated
files. This the library must do at the same time you are
writing a program, writing procedures, and completing the
syst.em,

Anytime that a large subsystem is in progress, you will
alwivs have modification requests. Situations may change
duri g the elapsed time. To control this implement the design
firs.t, establish a cut-off on it. Now there is no magic
line It is a ygray area and hard to determine wnen the system
i8 detined and designed. 1t is time to start writing all the
procedures for implementation and write the computer programs.
But, at that point stop making changes in the system. Do
nol annhounce a week later that you forgot about so and so
exception, It is too late. 1Install a system the way it
wag designed. Use a requisition form, such as Figure 8. Get
a Written statement, even a memo oxr a letter, requesting the
modifications to be made as soon as possible after the imple-
mentation of the system. It should state what the problem
is and what has to be accecmplished. Possibly it is an ad-
dendum to the system after it is installed. When a requisition
completed, the user has officially requested future action.
The requisitions containing modifications can be balanced
againet the overall information system design.

Thig is the way to control change. In addition, every
requtigition should be acted upon immediately in terms of an
ini 1al survey. It is not a complete systems study but a
qu: ‘& look. Spend three or four hours to gather facts, figures
and ir.formation so that estimates can be made. What kind
of policy changes would this request cause? What data must
be collected in addition to what already exists? What pro-
cedures, programs, user instructions, keypunch proacedures that
have to be written in addition to what already exists? What
is the estimated manpower commitment? How many analyst days?
How much manpower in addition to the original commitment is
required? #inally, how much computer time is involved? The
university as a whole is committed for some quantitative amount
of computer time for production and for testing a program.
Does this change add 5 hours of computer time, 10 hours, or
15 hours? Finally there should be a suggested disposition.
See Figure 4,
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All of these activities put the control of the informa-
tion system in the hands of the line department where it be-
longs. Management systems can help the line department with
techniques and technology skills, but the line department must
make this system a reality.
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COST BENEFIT ANALYSIS

Robert E. Schellenberger

Introduction

This morning I want to sharc with you some brief back-
ground information into thc whole subjcct area of mane <ment
tools, and new developments in the managemeat tools ar« 1 and
then also discuss some refercnces that you may find useful.

We should bc awarce of the fact that some of the initial writ-
ing in the area of managerial analysis, systems analysvis, or
whatever term you want to use, actually dates back to the year
1832 when Charles Babbage wrote a book entitled The Economy of
Mgnufacturers. Babbage is an intevesting individual in the
sense that he is the father of the current day computer. So
we're not talking about something that is a totally new tool.
We are talking about a tool which is receiving increased re-
cognition and promises an increased role because of some of
the mechanical breakthroughs, such as the computer, which al-
lows us to use this tool in a particularly cffective fashion.

Tomorrow, when William Curtis presents the material on
PPBS, he will present a specific application to education.
You should note that the Association of School Buciness Of-
ficials has begun with a concept of PPBS as taken from the
federa! government and has utilized that concept with modi-
fication for the educational environiment. In the process of
mcdification they have altered the title to "Resource Manage-
ment" rather than "Planning, Programming, Budgeting Systems”.
The federal government has used this system in the civilian
sector of the government primarily to evaluate new program
proposals and new activities which the federal government is
proposing to undertake.

The structure and the approach are designed to allow the
unit (either a university, a local school district, or the
state agency) to identify cexactly what the agency is attempt-
ing to do. This begins with a statement of braod objectives,
then moves down to the process of translating broad objectives
to sonmething which is in fact measurable, i.e., sumething
against which performance can be measured. As you begin to
state objectives, you begin to identify the nature of different
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kinds of programs, and then eventually you can develop mea-
sures against which you can identify whether o? not the broad
objectives have been fulfilled.

Now, of cource, one of the crucial problems involved is
the process of translating broad objectives to something which
is measurable. This process is difficult at best, and is fraught
with some dangers. : However, I think we are going to find in-
creasingly that cducation is going to be forced into this pro-
cess., As a matter of fact, I brought with me this morning a
little blurb on a new typc of university charter which has been
suggested by President Homer B. Babbage, Jr., of the Universitcy
of Connecticut. Mr. Babbage essentially proposes that the role
of the trustees of the university is to practice as a supreme
court or maybe we should say an arbiter between the various
individuals concerned with the university; with the faculty,
the administration, the students, the public, and so on. 1If
this indicates the direction of the university of the future,
we need a considerably improved method of identifying our ob-
jectives and a considerably improved method of identifying our
objectives and a considerably improved ability to measure the
extent to which those objectives are fulfilled. This is really
the thrust of PPBS. "Cost-benefit analysis" is an essential
ingredient in this process, and that is our concern this morning.

The Managerial Activities

viith this background, I want to review bricfly the act-
ivities of the manager. I think this will be useful from the
standpoint of identifying where we are gyoing. The manager is
concerned with four primary activitices. The first activity is
that of identifying the objectives of the organization or unit.
Now you'll note that I did not use the term "sct the objectives,"
The objectives of a private organization may be "set" by the
management; the objectives of a public organization ar= essen-
tially "identified." The role of the administrator or local
school superintendent is to identify the objectives of that
school system. l'ow that is a difficult process and a process
which requires, I think, a good deal of consideration. If we
look at the experience of the Dade County group, they have
spent something like eightecen months in the attempt to identify
the objectives of the Dade County School System, The proccss
has been onc of attempting to u:ilize some kind of a committee
structurc which represents a cross section of the public, as
well as the teachers and the administrators in that school
system.
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Having identified the objactives of the oraanization,
the next activity is to develop the plans designed to ful-
fill these objectives. In the management literxature, iden-
tifying objectives and making plans is called "the aativity
of planning." But I think it's worthwhile to separate the two.
Following the identification of what is going to be done to ful-
fill those objectives, the next activity is obtaining and com-
biningy resources. I use the term "next" advisedly because if
you'll look at Figure 1, you'll sce that these activities are
in a sense cyclical or iterative, So it's not recally a pro-
cess of mix; it's a process of cycling.

Having made the plans, the next activity is to obtain and
combine the human, physical, and financial resources necessary
to carry out those plans. Thus, having developed the plans,
having obtained the resources, we then should be opecrational;
the next activity of management is the activity of monitoring
the results.

We monitor the results to see that the desired ends are
being accomplished. Now, 1i1f the desired ends are being accomp-
lished, there is no necessity to concern yourself. But if a
divergence exists between the cxpected results and the actual
results, then the manager is faced with the dilemma of iden-—
tifyiny whether the plans were erroneously structured or whether
the organization is ineffectively operating. Thus, we see the
arrow from the segment concerned with monitoring the results
moving in two directions. We may attempt to change the organ-
ization to increase its efficiency so that it is consistent
with our prospective plans, or we may change our plans. 1In
the process of developing plans, we make certain forecasts.
Either those forecasts are in error or conditions have so mat-
erially changed that we cannot expect those forecasted results
and we are therefore going to have to modify our forecasts, be-
cause of the change in conditions. I think it is important to
recognize the necessity in a planning activity, which is our
focus this morning, that there is an essential forecasting in-
gredient and that there are potential errors inherent in the
forecasting process. They occur either because the organiza-
tion is not as cfficient as we expect or becausec conditions
change. The point is that in the process of making our plans
we should recognize this potentiality and build flexibility
into our plans to adjust to the kind of conditions.
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Cost=-Benefit Concepts

Witl that as a background, please turn to the page of
the mimeographed handout entitled "Cost Concepts;" we are
going to move into concepts of costs, benefits, and so.ie
other concepts essential to the understanding of cost-kenefit
analysis.

Now we are goiny to cover these cost concepts rather
briefly and then work some cxercises designed to illustrate
the concepts and identify whether we are understanding the
concepts. I realize that the background of individuals in
the audience is quite diverse and this may be material with
which you are entirely familair or it may be material with
which you are totally unfamiliar. However, we have to set
a common footing before we can move forward.

The concept of fixed and variable costs is a concept
which I think is relatively understandable. It's a dichotomy
of costs, which is useful when some costs do not vary duaring
a particular period of time and other costs do vary with some
known factor or variable. In fact, it is possible that costs
would vary with more than one factor or variable, although
generally we'll be concerned with situations with a single
variable. If we were talking about costs of operating a
particular school in a local school district, there are cer-
tain costs which are fixed. Salaries are costs which are
fixed at least for the period. Weather may have a variable
effect on costs. As the temperature drops, fuel costs in-
crease. The most common example is illustrated by the fact
that a 1000 pupil school district may cost $900,000 to oper-
ate. But adding 10 pupils will only increase costs by 5,000
rather than $9,000. This illustrates that each district. has
certain fixed start~up costs and certain variable costs vased
on the number of pupils.

The next item is probably more conceptual than anything
else, and that is the concept of "Future Costs". When making
a decision, past costs are useful only to the extent that they
predict future costs. The only rcason we are concerned with
past costs is that they are useful in predicting future costs.
They have no other value whatsoever. It is very easy some-
times to use what happened in the past as a guide for the
future. Obviously it can be a ygood guide for the future,
but we've got to look at those clements which are going to
modify the past costs to reflect what the costs will be in

the future. "
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The next item, "sunk costs," is a concept which does not
frequently create some difficulty. Those costs, and this is
particularly oriented towards equipment, incurred in the past,
are not relevant to a current decision. Assume we are talking
about a particular item of equipment, which we purchased at
$10,000 that has a ten-year life, and no value at the end.

From an accounting standpoint, we attempt to allocate those

costs over that ten-year period on some basis. Normally we

use "straiyht line depreciation," which means that we allocate
those costs ' al the rate of $1,000 per ycar over cach of the

ten years. Now the accounting decision Lo allocate costs is
merely a way of sayiny boecause the equipment is usable over its
ten-year life, some costs should be allocated to cach of thosc
years. Converscly, if we arc concerned with replacing the picce
of equipment at the end of the third yecar, for example, the fact
that therce are $7,000 unallocated should not affect our consid-
eration to exceed the cost of the new machine, it then becomes
worthwhile purchasing the new machine, then the old is obsolete.
This means we did not allocate enough in each of the three years
of the economic life of the machine. It is worthwhile noting
that equipment has both an engineering life and an economic life.
Depreciation is allocated only over the economic life and not the
engineering life. I think this will be illustrated in one of the
problems.

Next let us discuss the concept of "differential costs."
If we are consideriny two or more alternatives, the only cost
we need to consider in investigating the desirability of the
two alternatives are those costs which arc differential between
the alternatives. This may reduce the complexity of problems
by ignoring those costs which are the same regardless of which
decision we make.

The next item is "opportunity costs." Opportunity costs
are readily understood, although quite frequently ignored, in
decision making. The value of a resource in its best alter-
natives use is the definition of the opportunity costs. Let's
look at the local businessman who recognizes a profit, ignor-
ing any payment to himself, of $10,000 a year on his business,
Let's assume he could be employed alternatively in an occupa-
tion that would return him $12,000 for equal time investment.
He is in fact losing money on his activities because he is
losing opportunity to earn that $12,000 while he is earning
the $10,000. So the net to him is a loss of $2,000. The
concept of opportunity cost is rather a powerful concept.

It's a concept which is useful, I think, in considering
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the kinds of investments in which governments are going to
engagc. In fact, it might be conceptually useful to compare
moon exploration and poverty programs in that particular vein.
It is this concept that leads to criticism of moon explora-
tions.

The next concept is the "life cycle costs." It has re-
ceived increased emphasis in the public sphere largely because
of the so-called "line item budget" and the fact that the "line
item budygct”" does not recognize what kind of an obligation is
being made for future yecars. Those costs associated with the
project from its inception until its termination are "life
cycle costs.”" One of the incvitable problems is that in some
projects the life cycle is virtually infinite, infinite be-
cause there is no reason to expect a termination of the pro-
ject; it is not infinite because of the difficulty of identi-
fying the termination of the project. If there is difficulty
of identifying the termination of the project, that's a fore=~
casting problem. The government tends to identify three seg-
ments in all program proposals: the R & D costs, the invest-
ment costs, and the operating costs, as the cost elements
which presumably allow them to get a reasonable fix on the
life cycle costs.

Incidentally, if there are any quecstions, you might wish
to raise them. If we get too involved I will simply say,
"Let's pass until we get into the example which illustrates
it."

AUDIENCE: I'd like to go back to "opportunity costs."
How would that apply to schools or more specifically to school
superintendents?

SPEAKER: If, for example, you devote instructional re-
sources to a particular program, what you are doing by that
process is eliminating certain other potential programs.

So there is an opportunity cost attached to devoting these
resources to this particular program. An opportunity cost
obviously exists with the respect to any particular program.
There is obviously a difficulty in identifying what some of
these alternative opportunities are, but it's a concept which
I think is uscful in recognizing that whatever program you
undertake, you preclude the possibility of undertaking another
program. You are concerned cssentially with the efficiency of
the school district's opecration. If you are in the fortunate
position of having the excess facilitics, they are really not
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excess facilities, they are really not excess, because any
number of programs might be initiated. So, sometimes, if you
go "firstest the mostest" you may be making a great mistake.
In that sense the concept of opportunity costs forces you to
explore the altcernative uses of certain facilities which you
might not othexwise do, simply because someone comes first
with suggestions for its use.

AUDIENCE: How would you relate this to priorities?

SPEAKER: It ought to help you establish some priorities.
However, mcasuring opportunity cost has its own inherent diff-
iculties because when you're attempting to establish priori-
ties you're not necessarily talking about neat dollar trade-
offs. You may well be talking about trade-offs between Head-
Start programs and Enrichment programs, and how do you measure
the exi.ent to which a Head-Start program is beneficial versus
the extent to which certain Enrichment programs are beneficial.
It's difficult to measure the trade-off between the Head-Start
program and the Enrichment program, but it is in fact a deci-
sion which has to be made. If you go ahead and start a Head-
Start program, you're potentially eliminating an Enrichment
program. If you go ahead with an Enrichment program, you're
potentially ecliminating a program similar to a Head-Start
program. It's something that I would love to discuss further,
but now we ought to try to pursue our immediate objective.
This might be something we could consider after we go through
some of these exercises.

One of the difficulties which we frequently get involved
in with this cost-benefit approach is the desire to consider
the simultaneous possibilities of increasing the funding for
a particular program and increasing the benefits for a part-
icular program. Generally if we're considering alternative
programs we can say, "let's look at what an increment cf
$100,000 will do for our objectives;" then we identify a
series of alternatives programs which have an impact on the
objective. We can, therefore, pick that program which is
going to have the greatest impact on the objectives. So
we've held the resource input constant and attempted to
maximize the fulfillment of our objectives. Alternatively,
we could hold our objectives constant and attempt to minimize
the resources which we are utilizing. Either of these two
approaches is recasonable. You cannot, however, both minimize
cost and maximize objectives. The two with our current an-
alytical tools are essentially mutually exclusive. We can't
do both at the same time.
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The next concept which we want to discuss is the concept
of "marginal or incremental cust." Now this given concept is
confined to a situation where the actions can be viewed as a
series of alternatives which differ in guantity but not in kind.
So we're talking here about attempting to identify the level
at which a particular program should be undertaken.

If we're talking about a Head~Start program or an Enrich-
ment program, we are concerned with the level of funding.
Should it be $10,000, $25,000, or $100,000. We can look at
what it costs to move from one level of funding to the next
level of funding and then look at the benefits derived from
moving from that level of funding to thc next level of fund-
ing. From this we may identify that level of funding which
gives us or yields us the maximum return.

This concept creates a certain degree of difficulty be-
cause the maximum is not the point where the return is high-
est in absolute terms. It's a concept which stems from ecou-
omics, If we're talking about the point where we maximize
our profits, we don't move to the point where the revenue
figure is the highest; we don't move to the point where the
differential between the cost of producing a given unit and
the return of the given unit is the highest. We move to the
point where the revenue from the last unit produced yields
a return barely in excess of the cost of producing that last
unit.

When we go over the problem for the first time, we're
going to ignore certain considerations. One of these is the
concept of present value. The concept of present value re-
cogynizes that if we are considering two alternative courses
of action, one of which requires an immediate cash outlay,
the other of which requires a cash outlay of equal amounts
over a period of time, and if the returns from these two
alternatives are the same, and if the dollars expended on
these two alternatives are the same, then we should take
that alternative which distributes the costs over the dura-
tion of the project, because by spending the money at the
outset of the project we have lost the opportunity to use
that moncy in alternative uses. In fact, if we spend that
money instead of putting it in savings, we have lost the
opportunity to derive income from those savings. Some of
the money is still available to be used for returns from
the money itself. This is a simple way of identifying what
we mean by present value concept. We'll get deeper into it
further.
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PROBLEM 1

Let me ask you to take ten minutes to see where we stand
with Problem One of the handout material. What kind of a de-

cision would you make with the last situation faced or expressea

in Problem One?
Problen 1

The Maintenance and Grounds unit owns six 24-
inch riding mowers. Each of the mowers costs $900
new. They are ecach operated 30 hours per week for
15 weeks of the year. During the remaining weeks
they are not used. The employees operating them carn
$3.00 per hour (including allocated fringe benefits).
They were purchased one year ago and have an estimated
three-year life and an estimated scrap value of nothing.
Present market value is $100, The school depreciates
these machines at $300 per year. The director is re-
questing that these be replaced by five 30-inch riding
mowers at a cost of $1200. These mowers have a life
of only two years and zero scrap value. He maintains
that the savings in manpower costs will be substantial
because he will then need only five men mowing instead
of six. Assume maintenance and down time costs are
equal. Ignoring present value and tax considerations,
should his request be approved? Show the calculations
necessary to begin the analysis.

His claim is that there will be a savings in manpower which
will offset the cost of the power. Now, we're assuming that
there will be no change in the necessity to spend 30 hours

per week for 15 weeks of the year and 40 hours per week for

15 weeks of the year per employee, I suspect that in the
course of any given mowing scason thesc requirements may vary
but that on the average they will run something of this nature.
The savings are 30 hours over 15 weeks at $3.00 per hour plus
40 hours over 15 weeks at $3,00 per: -hour over a two-year per-
iod, or a total savings of $6300 in manpower costs because of
reduction from six to five mowers. The cost of each of the
mowers is $1200 or a total of $6000. By turning in the fleet
of existing mowers now, we receive $600, which will reduce the
cost from $6000 to $5400. Thercfore, we have a net saving of
$900 by accepting this decision, if all of the assumptions are
correct. This is summarized as follows:
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Calculations to Problem 1

Savings
30 x 15 x 2 x 3 = 8$2700.00
40 x 15 x 2 x 3 = $3600,00
$6300,00
Cost
5 x 1200 - 600 = $5400.00
NET SAVING = g 900, 00

Would anyone care to explore or discuss further the calcula-
tions segment rather than the assumption segment?

AUDIENCE: Regarding the statement here to ignore the
present value, does that mean we don't deduct $600?

SPEAKER: No, the statemcnt that you ignore the present
value means that the value of the savings generated next sea-
son are recorded at full value. 1In other words, the $5400 is
an immediate cost, but the savings occur over the next two
years. Thus the savings are actually overstated.

Maybe now is the time to move more deeply into the dis-
cussion of present value because a consideration of present
value may alter the nature of the decision here. You'll have
to consult an accountant or lawyer on the impact of taxes.
We're talking about an immediate investment of $5400 which
generates a savings one year hence or one mowing season's
hence of $2150; so if we look at this in terms of expenditures
and incomes, what we've got is an immediate expenditure of
$5400, and then we've got income here of $6300 spread over
two years. Let me see if we can illustrate what is at stake
here. Now, what we want to do is be able to compacte expend-
itures and incomes made at diverse points of time. I would
like to demonstrate what the present value of a dollar is
when it is received one year hence or two years hence. §o
let us ask the question, how much would we have to put in
savings at this point of time so that it generates a dollar
a year from now? And let's talk about a 10 percent rate of
interest. So if I put in 90.9 cents in the bank now and 1
receive 10 percent of that one year from now my value then
is $1.00. The present value of $1.00 one year hence is 90.9
cents. 1 should be willing to pay 90.2 cents now to receive
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$1.00 one year from now at a 10 percent rate of interest.

If T want to receive $1.00 two years from now, I should be
willing to pay 82.6 cents. At the end of the first year that
will yield 90.9 cents (82.6 + .1 x 82.6 = 90.9). We've al-
ready demonstrated the 10 percent rate of interest on this.
So what I'm sayiny is, at a 10 percent interest rate, the
value of the income two years hence is really only 82.6 cents
now. You see the transition? I'm willing to pay now 82.6
cents to receive a dollar two years from now. Now let's look
back and see if we can modify our income figures here.

Figure 2

Savings

n

$3150 (.909)
$3150 (.826)

$2,873.35
$2,601.90
$5,475.25

$5,400.00
$ 15,25

1}

"

Cost

i

NET SAVING

It still appears to be worthwhi le, but it's only $75 worth-
while. 1Is it worth expending? Have we considered all costs
here? Obviously the business office has to process the paper
work to purchase this item. It has to be received, it has to
be unpacked, we've got to go through the process of contact-
ing somebody to sell the items. So therc are some cost items
which are probably ignored. So what appeared initially to be
at least maybe a recasonable investment now is really an un-
reasonable investment.

AUDIENCE: Do you have to look at the wage differences
between six employees and €ive? Wouldn't that have some bear-
ing on herc?

SPEAKER: Of course that's what the savings are up here.
Now another item which we have no'. considered is that we are
projecting the wages of these individuals at the same level
in future years, The fact that they go up may have an impact:
in fac%, the fact that wages will go up will probably tend to
support the purchase decision.,
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AUDIENCE: You can cover the same square footage by just
buying four new machines and keeping one of the old 24-inch
machines, and that decision would further support the deci-
sion of going ahead.

SPEAKER: We're beginning to add some alternatives here.
In a sense, there is an opportunity cost involved here.

AUDIENCE: I figure that a total of 1,050 hours per man
at $3.00 per hour is $3150 per man. Six men, $18,900 and 5
men, $15,750 for a savings of $2150 per year.

SPEAKER: Except for your subtraction error, the fact that
you came up with $3150 is exactly what we have here,

AUDIENCE: Now I want to raise another factor; 1 can see
where this is present time, but you've got six machines at $900
which have a life of three years. You're paying $5400 for three
years or $1800 per year for equipment. If you go to five mach-
ines, $1200 a year, that's $6000 which gives you an equivalent
cost of $3000 per year because they are good for only two years,
s0 you have a $1200 deficit in terms of ecquipment costs. How-
ever, you save $3150, which offsets the deficit by almost $2000
rather than $450,

SPEAKER: This is so because the life ¢ycles are not
comparable.

I think we've got two problems here. If we look at this
in terms of cycles, we've got a two-year cycle that we are con-
sidering first. Second, when we move into the next cycle, we
would consider a six-year cycle, during which time we repur-
chase five $1200 mowers three times or six $900 mowers two
times. In this cace our present method cost $18,900 in labor
and $1,800 in equipment per year or $20,700 per year. The pro-
posed method costs §15,750 in labor and $3,000 in equipment or
$18,750. Thus the propesed method saves $1,950 per year. This
analysis has igncred prescent value and tax consideration.

However, the problem is concerned only with the next two
years. We're assuming that funds are available, and we're
recognizing th:t when I say a 10 percent discount rate, or a
10 percent intetest rate, it's merely a way of providing in-
formation againt't which we can compaze other alternatives.

If this unit is responsible for an equipment budget, then
the individual respcnsible has to decide what items have to
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be allocated out of that budget. This form of analysis may
give him some information on the desirability or particular
alternatives. He can then compare that with the desiruoility
of all his other alternatives. 1In fact, there is a process,
I guess you can call it an algorithm if we want to ute the
jargon, of comparing items in an equipment budget by looking
at the return for each of those items. You could use a com-
plete enumeration process or you could use a number of other
algorithms such as the stcepest assent algorithm. We're not
going to have time to cover these processes, but the point

is that if you reduce this information to a common basis where
you have included all of the relevant costs, you are talking
essentially about a trade-off concept. For example, if the
equipment budget for Building and Grounds can be reduced to

a common basis, you can identify which alternatives should

be undertaken in a particular yecar.

AUDIENCE: 1 was just wondering how many alternatives
should be given; is it five or six, or is there no limit?

SPEAKER: Theoretically there is no limit. But there is
a practical limit simply in terms of the fact that it takes
time to work with some of these alternatives. A decision
like this is not one on which you can expend a great deal of
¢ffort because the amounts involved are rclatively small.
So the practical consideration is generally to limit the
number to those for which we can, when we begin, expect a
reasonable differential in the outcome of the alternatives.

AUDIENCE: How do you tell the Brard of Education about
this process, especially if you present numerous choices?

SPEAKER: Two choices is fairly typical. In fact, what
I have ignored here are some of the political problems. As
you say, how do you tel) the Board that something like this
is rational unless you have time to sit up there and lecture
on it, and then you might not convince them. What we're af-
ter is the concept of sunk costs. In this instance the fact
that those six machines are not fully amortized should be
ignored, That is what is at stake. Iet's leave it at that,
1f we have time later on, maybe we can come back to it. But
I think there are some lessong to be learned in the other
problems, and 1 hope we can get to the Page article.
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PROBLEM 2

Let's move now to Problem Two. It should not take too
mach time because you are comparing similar alternatives here.
Let's take about eight minutes on this problem.

Problein 2

The statistics labs have a request for an increasc
in their maintenance budget of $200 per month. They
point out that this expenditure will save $40 per
month in future equipment replacement. Assume the
following table reflects all costs and benefits.
Further assume the funds are available. Would you
approve this request? If not, would you approve an
alternative level of funding? If so, what amount?

Increase in Monthly Reduction in Monthly Re-
Maintenance Expenditure blacement Cost of Equipment
2¢< 47.50
50 20.00
75 127,50
100 160.00
125 187.50
150 210,00
175 227.50
2090 240,00
225 247.40
250 250.00

AUDIENCE: What was the monthly savings? 1Is it $40
as described above, or is it $240 as in the table?

SPEAKER: No, what he is saying here is that at the $200
level he is saving $240 monthly. It i8 costing him $200 to
save $240, so that's a gain of $40. So the question is, would
you approve this expenditure, or would you suggest an alterna-
tive level of funding?

AUDIENCE: Are you just trying to find the point of
diminishing returns? 1Is this all you are aftexr?
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SPEAKER: Yes, depending upon how you define the point
of diminishing returns.

AUDIENCE: That question is so obvious; how could you
make such a request if they had such material available.

SPEAKER: Well, the point of diminishing returns may
not be so obvious. The first thing you have to recognize
is that when we move the maintenanc2 expenditure of zero to
$25, we gencerate a reduction in replacement cost of equipment
(i.e., a benefit) of $47.50. The diffcrence is a return of
$22.50. When we move from $25 to $50, we gencrate $42.50 in
additional savings or a net return for that particular ex-
penditure of $17.50. So the point we arec making is that as
we move to cach of these increments of expenditure, the net
return diminishes until it becomes necgative. Sce PFigure 3
below for an improved display of what is at stakec.

Figure 3
Increase in Reduction in Marginal
Monthly Main- Marginal Monthly Re-~ Marginal Savings
tenance Ex- Expendi- placement Cost Expendi=- Minus Mar-
~penditure ture of Equipment ture ginal Cost
25 25 47.50 47.50 22.50
50 25 20. 00 42.50 17.50
75 25 127.50 37.50 12.50
100 25 160.00 32.50 7.50
125 25 187.50 27.50 2.50
150 25 210,00 22.50 -2.50
175 25 227.50 17.50 -7.50
200 25 240,00 12,50 -12,50
225 25 247.00 7.50 -17.50
250 25 250.00 2.50 -22,50

We would reject $200 per month in favor of a $12% increasc.

Now the roint of diminishing returns can casily be scen. The
highest return per dollar expended is at the $25 level. How-
ever, if we desire to obtain all of the returns possible (this
assumes funds are available), then we would move to the peoint
of an cxpenditure of $125 because at that point wyve generate a
return of $2.50 for the expenditure of $100 to $125. As we
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move from $125 to $150 we begin to generate a loss. The con-
cept is analogous to the profit maximizing concept in business,
Now if you are in the public sphere, you have to be able to
compare the kinds of returns which you can get for alternative
inputs or funds, realizing that there are limitations on the
amount of funds. If you spend $125, this assumes no limita-
tion on the availability of funds. This is an illustration

of incremental analysis or marginal analysis. We're looking
at the reaturn on the margin. The return on the margin from
$100 to $125 is $2.50. As you move beyond that point, there
is a negative return. OCbviously one would never go beyond

the $125 expenditurec level.

AUDIENCE: 1In recal life how do you obtain this information?

SPEAKER: There arec tables which detail the impact on
cquipment life of certain kinds of maintenance. Now trans-
lating these into dollars may be more difficult, but it is
not strictly "scat of the pants." Therc are such tables avail-
able, particularly from MAPI which is an institute which con-
ducts, publishes, and sells equipment life studies. I don't
know whether it is available on the type of equipment that
might be in a statistics lab or not. I would expect so,

This is the kind of equipment which is commonly used in edu-
cation and in industry; thus, generating the input information
is not a totally impossible task.

AUDIENCE: How do you know that you will actually reali:e
this much savings?

SPEAKER: Of course past experience is a probability
distribution. A single shows an averaye cost reduction. The
conditions in any particular lab may not hold. There are a
lot of factors that come into play. The problem does illu-
strate that there is in a sense an opportunity cost here.

If you don't expend the first $25 on the maintenance activity,
then you are going to incur a shorter life in your equipment;
therefore, you've got a higher equipment budget rather than

a higher maintenance budget. Obviously again, many of these
things are useful when you have a large amount of equipment,
whereas when you have small amounts they may not be worthwhile.

PROBLEM 3

Let's move to Problem Three. This problem will also
allow us to discuss cost-benefit ratios which are frequently
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used in attempting to compare alternative expenditures. Let's
take about five minutes with this one.

Problem 3

S.1,U., is contemplating designs for a central heating
plant. Bach design will last for 50 ycars. The only
real question is a trade-off between the number of
cmployees and successive designs which cost more ini-
tially but use less labor,

Design Initial Cost P.V. of Savings on Labor Costs
(in_10,000's) {in_10,000's)
A 60 100
B 120 190
c 200 300
D 250 340

AUDIENCE: What is the hecading on the last column?

SPEAKER: Prevent Value of Savings on Labor Costs. In
other words, I've cranked in the present value concept here.

AUDIENCE: Are thesc annual savings costs?
SPEAKER: They're over the entire life.

The concept is really not difficult because if you'll
look at your data, moving from the present system to Design A
costs $60,000 and yields a benefit of $1,000,000. Therefore,
the marginal return is $400,000, The differcnce between B
and A is that we are increasing our expenditure by $600,000
for a return of $900,000. From B to C we're increasing our
expenditure by $800,000 for a return of §1,000,000, The move-
ment from C to D is an increase in expenditures of $500,000
for a return of $400,000. Moving from C to D is totally un-
desirable because the return on that is not sufficient to off-
set the cost., Desiyn C is the optimum point, assuming total
availability of funds. € is the point which will yield the
best return because cach increment of expenditure yiclds a
positive return. The increment from present plant to Design A
yields a return of §$400,000. A to B yields a return of $300,000;
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B to C yields a return of $300,000; C to D yields a net loss
of $100,000. sSometimes the benefit-cost ratio is used. It

is simply the marginal benefit divided by the marginal cost.
This ratio must be greater than one if there is to be &ny net
return for the total project. Some individuals have proposed
that this will allow the decision maker to compare alternatives.
It, however, ignores the level of expenditures. It al3o, of
coursc, ignores the marginal concept. DBut it may allow the
decision maker to begin a comparison. If you had a whole
series of these kinds of alternatives, you could identify the
benefit-cost ratio of cach of these alternatives. See Figure 4
for the marginal and benefit-cost ratio data.

Figure 4
Design Initial Cost Marginal P.V. of Savings
(in 10,000's) Cost on_ Labor Costs
A 60 60 100
B 120 60 190
C 200 80 300
D 250 50 340
Design Marginal Marginal Savings minus Benefit Cost
Savings Marginal Cost Ratio
A 100 40 1.67
B 90 30 1.587
c 110 30 1.5
b 40 -10 1.36

AUDIENCE: Why do you say C instead of A since A has
the larger cost=benefit ratio?

SPEAKER: The cost-benefit ratio is not directly useful
for similar alternatives. Given sufficient funds marginal
analysis has shown that Design C is optimal. We use the
benefit-cost ratio by comparing the optimum point for each
of the alternative types of decieions. When 1 say alternative
decisions we could, for example, comparc the decision to go
ahead with this plant and the decision to go ahead with some
other kind of equipment purchase. For example, we may find
that the new alternative yields the benefit-cost ratio of 1.3.
The power plant of Problem Three yields a benefit-cost ratio
of 1.5. If you choose expenditures which yield highest benefit-
cost ratio, you may approximatc the greatest benefit out of

s
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your total available funds, You are first saying, "Considering
this alone, what decision would I make if I had unlimited funds?"
Then taking this decision you say, "For the university as a
whole, I've got to identify what project I'm going to indertake."
Conceivably you could use the highest benefit-cost ratio. That
would be the simplest because you have identified the optimum

for each particular decision and then compared each of the
optimums. In this instance, it might be that because you chose
the optimum for a particular decision and compared it with

the optimum for anothexr decision, the cut-off point for a desir-
able level of funding might be 1.55. Thus, you would eliminate
the power plant as a total project. Wherecas, if you sub-

mitted only Level A you would then have chosen that as a
desirable project. It is possible to crank in all the infor-
mation for analytical purposes, but it becomes difficull because
of the fact that Design B is mutually exclusive of Designs A,

€, and D.

SOME ADDITIONAL CONSIDERATIONS

The benefit-cost ratio will give you the alternatives to
consider it they are not mutually exclusive. Simply take the
highest benefit-cost ratio until you have utilized your
existing funds. All I'm trying to demonstrate is that there
are mechanisms, and this is the simplest mechanism, which
would allow you to take the decisions generated in any parti-
cular program and compare them with other programs if you can
reduce the information to this form. There are obviously some
significant difficulties inherent in reducing it to this form.
My objective is simply to demonstrate that we can reduce pro-
gram suggestions, or reduce the competition for funding, to
something which will give us an initial basis for discussion.
Then we can begin to crank in our availability problems, politi-
cal problems, problems with the board, and certain philosophical
and ethical problems. So, what we are talking about is a metho=-
dology which I think gives us the first step towards eliminating
some of the emotion in things like this. It simply gives a
better basis from which to include or insert the judgment which
we must, of necessity, use in the managerial decision~making
process.

Althouyh we will not have time to covexr Problem Four,
I will distribute the problem and answers for your future usc.

1l
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Problem 4

A local industry has found that it cannot obtain
adequately trained machine operators. It finds

the applicants enter with two kinds of prepara-
tion: (1) no training, and (2) general machinists
training. Thus, it is proposing the local high
school offer a one-week intensive program on the

use of the particular machines it uses. This course
could be taught at night by local shop teachers.

The local shop tecachers have agreed to perform this
instruction for $12 per hour. The class would meet
for 15 hours (3 hours per day for 5 days). Cost

of instruction materials, power to run the machines
and other direct costs of the class are $200 in each
week of the program.

The company has indicated that it will supply the
machines and install ({hem at no cost. The high
school is in a new huilding which is not fully
utilized. Thus, the space necessary to house the
machines is available until increasing enrollment
necessitates its use for other instructional pur-
poses, Janitorial and machine maintenance costs

are $200 in each week of the program. The machines
occupy a room 30 » 40. The building costs were

$50 per square foct. The school has an estimated

30 year life. Normal janitorial, building maintenance
and utilities costs are $.05 per square foot of floor
space per week.

The company offers to pay $600 for each class as long
as eight or nore students enroll., Assume that the
aschool board will allow such an arrangement without
prior approval as long as the monies received over
the academic year can be expected to cexceed the costs
of the program. Assume theexpected enrollment will
always be greater than or equal to eight. Should the
program be undertaken? Show all calculations used to
support this conclusion.

' "l 3
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Problem 4-1

COST TO SCHOOL

VARIABLE COSTS

Teacher's pay: 15 hrs. x $12/hr. $180.00
Direct costs/wk. 200.00
Janitorial costs/wk. 200.00
Total Variable Costs $580.00

FIXED COSTS: ;

Normal janitorial and utility costs $ 60.00
($.05/sq.ft. x 1200 sq.ft./wk.)
Depreciation Expenses 38.46

(50/sq.ft. x 1200 sq.ft. + 30/yr.=
$2000/yr. % 52 wk./yr.

Total Fixed Costs $ 98.46
TOTAL COST PER WEEK 2678.46

This program should be undertaken only if no better use can
be found for the space. The $600/wk. covers the variable
cost and part of the overhead and should be taken in pre-
ference to letting the space stand idle.

The following factors may affect negatively the desira-
bility of the undertaken program:

l. effect on efficiency

2. any fixed expenses which may be incurred
outside of the immediate week

3. any future increase in costs generated by
this program

4, any set up or take down costs that have no
been recognized
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Problem 4-2

Find the expected enrollment for the following proba-
bility distribution of enrollment,

Expected
Enrollment Probability Value

<4 0 |
5 .05
6 .08
7 .12
8 .25
9 .20
10 .15
11 .10
12 .05
V12 0

1'70
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Problem 4-2

Expected
Enrollment Probability __Value
4 0 0
5 .05 .25
6 .08 .48
7 .12 .84
8 .25 2.00
9 .20 1.80
10 .15 1.50
11 100 1.10
12 .05 .60
13 0] 0]
EXPECTED ENROLLMENT 8.57

n
TO FIND EXPECTED ENROLLMENT, USE L

ERIC 1
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DISCUSSION OF PAGE ARTICLE

I 4o want to get into the Page article. Let me try
to work through this step by step with you. I think what
will probably happen is today I'll attempt to give ycu a
feeling for what is included in the Page article and then
tomorrow get back to an evaluation of the article.

THE PROGRAM AND ITS OBJECTIVES

What we have is an analysis of an official training
program conducted in Massachusectts from 1958-61, There
werc 907 individuals who reccived some degree of trairing
out of the program, 618 of which were men, 289 of which were
women. The basic focal point of the training program was
on barbers and beauticians. The primary skill which the proc-
gram generated {(over 50 percent of the trainces) was that of
a barber or beautician. 18.5 percent of the enrollees were
trained as draftsmen, technicians, office machine operators,
and mechanics; 4.4 pcrcent as secrctaries, stenographers
and typists:; 4.6 percent as practical nurses. That gives you
some indication of the orientation of the training program.

Page attewmpts to identify the cxpenditures for the pro-
gram, the benefits of the program, and the means of ascertain-
ing the net benefits which occurred as a result of the pro-
gram if any. He also discusses the objectives of the Man-
power Development and Training Act (MDTA), which provides the
rationale for the program. In other words, the MDTA pro-
vides the basic objective of the program, which is to improve
the utilization of unemployed. and underemployed individuals.

COST FACTORS

Page begins with a discussion of the cost elements in
the particular training program, and if you'll look at page
260, he identifies the total cost expended on the program
by identifyinyg certain elements of cost. 1le identifies the
aducational costs as simply the costs of putting on the pro-
gram. lHe identifies these costs by assuming that the tuition
expensces ocqual the cducational costs,  Educational costs
include the wages and salarices of the personnel involved in
the program as well as the amortization of the capital costs
of the equipment uscd. Let's accept his conclusion that
tuition costs do, in fact, cqual the educational costs. This
point may descrve some later questions.
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Next he includes subsistence costs. The subsistence
costs recognize the fact that inuividuals who are participating
in the program receive certain transfer payments. That is to
say, they receive a certain amount of moncy to be usec for
subsistence while participating in the program. The relevant
subsistence costs are only those costs which are directly
incurred as a result of this program. In fact, a rather largc
percentage of these individuals are alrcady receiving cither
welfare payments or uncmploymment compensation. The rationale
is that since they would normally be receciving these monies,
whether they were in the program or not, then the only rclevant
subsistcence costs arc those which arc borne directly by the
program. This is entirely rational if the assumption that
they would continue to receive weclfare payments or unemploy-
ment compensation is rational.

He then goes on to talk about capital costs, referring
basically to capital expenditures for the program per se.
He shows no capital costs. Then he goes on and reports no
supervision costs. Now, supervision costs recognize the cost
to the agency. If this is sponsored by the labor department,
then that agency is responsible for cvaluating and approving
the program. He says essentially that he does not know what
the supervision costs are and that he is goinyg to ignore the
suparvision costs. He thinks they are relatively small.

I want to comment briefly as an aside. In some manage-
ment literature you might be exposed to the thought that if
you can add this program utlilizing essentially unutilized
time in the supervision agency, then there are no supervisory
costs for the program. Obviously, I think that is an unrealis-
tic assumption. There is no such thing as idle time. You
have to recognize that if you add this program, the cost of
adding the program ought to be recognized as an opportunity
cost. You are going to pay less attention to some of your
other programs. Therefore, one can expect a reduction in the
effectiveness of the other programs. So the concept of
utilizing so-called idle capacity is generally only partially
useful.

AUDIENCE: You think it would be a mistake, then, to
recognize work load trade-off. For instance, here you have
a program rcducing uncmployment. How do you yet thc Welfare
Department to reduce their staff in rccoynition of this pro-
gram?
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SPEAKER: Work load trade-offs and idle capacity are not
really related. This program may eliminate some welfare

activizy. That may be a benefit if you can count on a staff

reduction. However, this is a big if. Often this savings is
illusory. There will be other examples where we will talk
about reductions in the work force. In the first problem,
the fact that we eliminated one employee in the grass-cutting
task may not, in fact, mean that he is eliminated from the
payroll. So those savings are contingent savings. They are
contingent upon reduction of the actual payroll, or at least
a transfer of the individuals who were on the mowing task to
another kind of activity which is cqually productive, and
this is a rather tenuous assumption,

In the identification of labor savings it is rare that
one can expect the total amount of potential savings to be
realized. In fact, in industry typically nothiny is climinated
immediately, but the activity is allowed to decline through
normal attrition. Thus the analyst uses a factor applied to
the savings which recognizes the attrition rate. This factor
says we ecxpect only a certain percentage of the savings poten-
tial to be realized. So the analyst identifies potential
savings and the factor which reduces the earnings. i:t may
be that only 90 percent or 80 percent or 60 percent or 50 per-
cent of the potential savings are considered actual savings.
But there is no mechanism that I know of to force other agencies
to allow a different agency to realize their potential savings.
If, though, what we are talking about during this whole session
has any meaning, what is done in this retraining program does
affect the welfare system and the two cannot be ignored.
Basically it is a matter of developing cooperation. I don't
have any particularly meaningful insights on that kind of a

process.

I think one of the problems inherent in this thing is
how you identify the supervision costs. If you take pcople
off one type of supervisory activity and put them on another
type of supervisory activity, how do you identify the super-
vision costs? Again, a typical process is simply to look at
the salary costs which represent the dollars which can be
attributed to the supcrvision. However, this process ighores
the opportunity cost which is the relevant cost. For example,
if a man is removed from supervising a program costing
$250,000 and its cffectivencss declines by 10 percent, then
the supcrvisory costs exceced $25,000 although his salary may

be only $10,000.
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Having identified these four cost elements Page merely
sums them to get total costs. Page has ignored the fact that
we are taking these individuals potentially out of the labor
force by putting them in this particular training activi-:y.
They lose the opportunity to become employed while they are
engaged in training. At the samc timc we should recognize
that in conducting the cost-benefit analysis we should be
looking at the analysis from a social standpoint. Thus, if
we assume that there is a large mass of unemploycd individuals,
then by training a small group some members of the group may
forego the opportunity to become employed during the training
period, but others in the mass will have an incrcased chance
of being cmployed. Thercfore, there are no opportunity costs,
We are saying to the individual there are clearly opportunity
costs, to socicty therc may not be any opportunity costs. It
is difficult for me to ayrce that there will be no social
opportunity costs.

BENEFIT FACTORS

Having identified the costs of the program, Page goes on
to identify its benefits. These benefits are identified by
focusing on the increased income earned by the individuals
completing training.

Now I should warn you that Page is not a mathematician,
that his use of symbels sometimes leaves somecthing to be
desired. It doesn't particularly aid the translation. What
he is saying is, "Let's take these individuals, these 907
individuals, and identify the differential income attributable
to training." If we say individual A is ecarning $3,000 a year
prior teo re-~training and is earning $4,000 a year after re-
training, the potential benefit is the $1,000 per ycar over
this rema’ ::ing working life.

It is important to recognize that he is focusing on
the benefit to society not the individual. Thus, it is gro=ss
income not after-tax income that is reclevant. Taxes are
merely a mechanism for socicty to redistribute its producti-
vity and should thus be included in the benefits. In other
words, Page begins with the assumption that pecople so trained
may move into these employment opportunities without dis-
placing anyone clse. Thus, as thesc pcople move into the
work force there is, in fact, an increasc in productivity.
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In reality it scems reasonable to expect that the truth lies
somewhere hetween the extremes. There is probably some dis-
placement of current workers and some new productivity generated.

He goes through a big manipulation to identify the total
of the increase in income for all of the individuals who
completed training and found appropriate employment. Notice
the qualification, "who completed training and found appro-
priate cemployment." lle says 582 of oriyinal 907 trainees
completed the approved training courses ana found employment.
But only 438 were employed in-the field for which they were
trained at the time the survey was taken.

AUDIENCE: Four hundred and some didn't get employed
in the area of training. 1Is that because they weren't quite
as good at the end of the training period or because of other
opportunities?

SPEAKER: He didn't really say.

AUDIENCE: Shouldn't it make a difference whether the
150 who completed training but didn't yet jobs failed because
of lack of openings or because they didn't obtain the necessary
ski.lls?

SPEAKER: Yes and no. It should make no difference in
measuring potential benefits., Since I disagree with him on
the method of measuring, I'll discuss this shortly. However,
if some failed to get jobs with the necessary skills, then
the likelihood that displacement has taken place is high. Con-
sequently, the benefits are probably overstated. What he said
was: I assume the basic reason for the increase in income is
due to the skills which are imparted. Those who were not
employed in this particular type of activity will be ignored.
This is in my opinion a mistake. He obviously ought to con-
sider them. From the standpoint of evaluating the program,
it is, in essence, results that count. He is implying that
of thosec 438 (about half of the group who started the program)
the other hald did not rcceive any change in their income.
They went neither up nor down as a result of the training. He
does not demonstrate this; he ignores this fact. In fact, he
never even states it as an assumption, which is one of the
major errors in his presentation. So you cannot ignore the
fact that you started with a group of 907 and somchow you only
consider 438.
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AUDIENCE: I couldn't help but think from your opening
rewmark that in your department you have pcople who are trained
for something else.

SPEAKER: That's truc. In fact they may be emplcyed in
an alternative activity which may even generate a greater
return than the particular productivity for which they were
trained. It is an interesting question though to debate with
the audicnce whether we can expect that the ignored group
would have had the same income, a higher income, or a lower
income. In fact, it is also'an interesting question to debate
with the audicnce whether we can expect the income differential
to remain the same over the life of the individual, to go up,
or to go down. We can probably get the entire range of
opinions on the matter.

AUDIENCE: Are you saying that figures never lie, but
liars figure?

SPEAKER: Something like that. Again what we are trying
to do is to get a basc for which we can at least identify
that the training makes the differcnce. That's the point
which is at issue herec.

AUDIENCE: It occurred to me that at least somc number
of those who have had partial training in the series will
derive absolutcly no benefit.

SPEAKER: I would argue that the nature of what is going
to happen in the future, in terms of income increase or income
decline, is going to be strongly dependent not only upon imme-
diate job skills but also, if I may use the term, on job
retention skills, These are really social skills and basic
educational skills. I would argue that a rational training
program, if it is going to cxpect continuation of the income
increase, is going to have to incorporatc more than simply
vocational skills. That's one man's opinion. In order to
answer the question of whether I would expect the income in
the future to decline or remain the same or increase, I would
ask questions that would give me a deecper insight into the
nature of the program. These are the kinds of questions that
must be raised to properly appraise this program.

Yyou will recall that Page defines income in the social

scnse; therefore, he ignores taxes but he doces not iynore
transfer payments. Transfer payments arc wcelare payments or
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unemployment compensation. He takes thesc out of the before-
training income and out of the after-training income. So when
he is talking about benefits he is talking about the benefit
which recognized social productivity. Transfer payments do
not recognize social productivity as we have indicated.

Now he says based on these assumptions, we have a benefit
in the first yecar of $443,488. le continucs by recognizing
that maybe we can't attribute all of this to the training
program. We know that cveryonc in socicty has been receiving
the bencfit of the overall increasc in productivity plus
inflationary increcascs. )

Let us illustrate what is at stake. Since I am drawing
inferences solely from the article, my understanding of the
facts may be ecrroncous. For simplicity assume the training
program is six months and begins on Jamuary 1 or July 1 and
spans the period July 1, 1958, throuyh Junc 30, 1961. Further
assume there were six cqual groups of trainees. The following
chart will graphically portray this. (Sce Figure 5)

For example, Group 1l had its income measured before training
from July 1, 1957, to July 1, 1958. It took training from
July 1, 1958, to January 1, 1959, through January 1, 1960.
Assume that the before-training income averaged $3,000 and
after-training incomec averaged $4,000. However, if the
average income of all workers increascd by 10 percent, then
all of the $1,000 incrcase cannot be attributed to the training

program.,

What Page does is to develop a questionnaire which he
sends to some 104 individuals whom he has culled out of the
United States Employment Service rccords. The group character-
istics are presumable the same on six particular factors as
the group which is undergoing training. Ile mails a question-
naire to them to identify thecir incomc prior to the training
period and their income after the training period. Then he
identifies what kinds of changes are taking place in society.
If, for example, thc average was $3,000 before the training
period and $3,30C after the training period, then he begins
to rccognize therc has been an increasc in income just as a
result of normal social factors. If therec has been a 10 per-
cent ‘nerease in income, then only 90 percent of the income
can be attributed to the training program. He, therefore,
reduces the income attributable to the training program to
this particular figure. He is determining what proportion
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Figure 5

TIME SPAN FOR TRAINING PROGRAMS
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B. T. D. T A, T
Group 1 T
B. T D. T T
Group 2 AT
. B. T. H.o7 AT
Group 3
B. DT, A.T.
Group 4 T l
B. T. D. T, A, T.
Group 5
T D. T. A, T
Group 6 B.T. f L.
Jan. July Jan. July Jan. July Jan. July Jan. July Jan. .July
157 © 157 158 158 159 159 160 60 61l 6l L2 '

B. T. is the time before training when income was measured.
D. T. is the time during training.

A.T. is the time alter training when income was measured.
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of the income can be attributable to that figure. Again,

in my opinion this is wrong., If the average trainee shows
income of $3,000 per year before training and $4,000 following
training (ignoring transfer payments), he has gcenerated a
potential increasec of $1,000. Page says that only 9( percent
or $900 per trainee can be attributed to the training. However,
the average trainec could cxpect $3,300 without traininy, so
only $700 per trainec can be attributed to the training. Then
he says what we have to do is to recoygnizce the stream of in-
come over time. 1le is saying that the income which is received
in the first year is the same as the income which will be
received in each of the subsequent ycars. If it's a $500
average increase in the first year, he is expecting it to be
the same in all subsequent ycars. Thercfore, he has to identify
the present value of that stream of income. We have already
talked about the present value concept. Using the 10 percent
rate, 1f our stream of income was received for only two years,
then we sum the present value factors and multiply the sum by
the income. If the difference is $500, the value of this
stream of income two years hence is $1.735 times $500. The
present value of the $1,000 is 1.735 times the $500, which is
less than $1,000. He uses the present value factor which is
9.644 for a period of 35 years and, therefore, identifies the
fact that the total value of the bencfits is in the neighbor-
hood of $3,900,000. le then comes up with the $3, 300,000

as the approximate net benefit of this program, subject to a
number of questions which we will discuss tomorrow.

Incidentally, I would like to pass out this material
which is another item I hope we can discuss tomorrow. It
represents a program proposal for a doctoral program in Thermal
Nuclear Physics, or something like that, which I would like
us to discuss from the standpoint of how you would judge it in
light of the material which I have been presenting to you. I
think we in education need to think along these lines when we
submit program proposals.

SUMMARY OF PAGE ARTICLE

Page Article major wecaknesses:
k. No opportunity costs. Estimate is 582 trainecs for

six months at $1425 is $82Y,350, plus $325 for 3
months at $712 is $221,900, for a total potential
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7.

opportunity cost of $1,051,250. Let us assunc
20 percent of this potential loss occurred. T!
the estimated opportunity cost is $210,250.

Supervision costs. Let us assume these are sc
nominal as to be ignored.

Ignoring the 144 who completed training, but wh
did not work in the field for which trained. ¢
the increase for these employed averaged $970,

us assume that subsecquent analysis discloses t?
their after-training income went up $592 {or 20
Since 10.4 % 20.8 = .5, $296 is attributable to a
training or a total potential henefit of $296(144)
= $41,544 per year.

Overstating the »enefits by counting 91.3 percent

of the potential. Since the increase for the control
group was 10.4 percent and the increase for the
experimental group was 34.2 percent, 10.4 + 34.2 =
30.4% of the increcase is due to normal conditions.
Thus only 96.6 percent of the $443,488 is attribu-~
table to the training.

Ignoring the 325 who did not complete the training.
let us assume that further analysis discloses that
their after-training income went up by 10.4 percent.
Since this is the same as the control group, we

may ignore this group. Please note that they can
be ignored only after proper analysis or by expli-
citly stating the assumption which allows them to
be ignored.

He assumes no displacement. The fact that 144
graduates didn't get placed would imply some dis-
placement, Let us assume after analysis, a 30
percent displacement factor. Thus only 70 percent
of the potential benefits are realized. Since
potential benefits arc $308,668 plus $41,544 or
$349,202, then actual benefits are $349,202 (.79)
or $244,441.

lle assumes that the incom» differential will

be the gsame over the remaining work life. This
involves questions of inflation and real income
chariges as well as skill maintenance questions.
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IL is possible that mechanical innovations will
eliminate the nced for barbers and beauticians

and their skills may be obsolete. My guess would

be that the men will maintain the relative dif-
ferential but that women will not. Since about

30 percent of the initial group werc women, it is
logyical to assume a similar percent of the graduates
arc women.  Thus the 35 year benefils must be
reduced. llowever, it is to bce expected that the
women will work for the first few years when the
benefits are the highest. Let us use a present
value factor of 9.0 rather than Y.644 to corrcct

for this. Thus yross bencfits arc $244,441(9) =
$2,199.969., Nct benefits are then $2,.200,000

less ($S633, 359 + $210,250) = $1,351,400. Although
this is only 40 percent of the figyure Payc comes
up with, it still shows a very high return. The
benefit-cost ratio is about 3.9,

This oxercise is intonded Lo demonstrate the usc of cost-
benefil analysis on educationally oricnted programs. As with
all analysis there ore crucial assuwpltions which must be
recognized and resolved Lo the satisfaction of the decision
maker.

From a decision-making standpoint the displacement factor
is crucial. The displacement factor is bound to increase as
the number of graduates increases. Thus, the apparcnt success
of the program docs not necessarily signal the desirability
of continuing the program,

DISCUSSION OF THE HAMELMAN ARTICLE

An unpublished paper entitled "Planning and Analysis
for Higher Education: Promiscs and Pitfalls™ by Paul W,
Hamelman is uscd to show an improved method of obtaining
cost data for specific programs at large universitics. If
we are to look at the desirability of undertaking new programs
or continuing old programs, we nced accurate cost data. Pro-
fessor Hamelman shows a method for identifying the “joint”
direct costs of cducating a student in a specific program.
His data (see Appendix 11, Table 2) show that the ~c3t per
credit hour varies from $13.10 for business for $40.97 per
for enginecering. Since students take courses from a wide
varicty of courses, the ¢ost of cducating an engincer would
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be yrossly overstated if we multiplied his hours by $40.97.

By the same token the costs of cducating a business student
would be understated if we multiplied his hours by $13.16,
Hamclman has, in fact, identified the cost per hor by major

in the right=hand column., This cost varies from $16.29 to
$29.27. Table 2 is sclf-cxplanatory. For example, the
agriculture student averages 7.21 credit hours of agriculture
per scmester, .7 hours of biology, 1.74 of chemistry, and so
on. Since $150,000 in resources arc allocated to ayriculture
and it gecnerates 5139 credit hours, its cost per hour is $29.29.
Thus the cost of agriculture instruction provided the average
agriculture student is 7.21($29.29) = $211.18. Added to this
is the cost of bioloygy instruction provided the average ayri-
culture student which is.7(5$38.44) = $26.91 plus cost of
instruction provided by other departments to the average agri-
culture student.

This data is subject to four major deficicencics:

1. Only direct costs are reflected: thus costs of
space, libraries, ctc., are ignored.

2. The costs per hour for cach unit arc an overall
average, and the so=-called joint costs reflect
this average. For cxample, English performs
a significant service role, whereas engincering
performs virtually no service role. It is to be
expected that the English Departments' cost for
service courses are lower than their cost for
English majors. Thus the cost of the English
major is apt to be understated and all other
majors overstated. This could be partially over-
come by determining costs per credit hour by
level (i.e., lower division, upper division, &.-d
graduates).

3. This includes all salary costs regardless of
assiynment. Thus a unit heavily cngaged in
unfunded rescarch gencrates a high cost per credit
hour. This could be corrected by identifying the
assignment.

4. The cost per semester reflects the cost of a
student who enters a program as a freshman and
cventually graduates. Those who drop out or switch
majors are ignorced.
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In table 3 Hamelman attempts to wrestle with itews 2
and 3 above. apparently assignment data was not available,
so he made some assumption about assignments. The ad-
dendum to Hamelmran's article demonstrates how he might deter-
mine the values for Case II (the business student).. (ne
point that is not clear is the cffect of item (c) under the
Statement of Assumptions, on the table. I have included the
cost of student advising, committece work, etc.

The recason that the costs in Case I are lower is because
the number of faculty and salary is the same as in Cace II,
but 1/2 of the full professors' time and 1/3 of the associate
professoxrs' time arc assumed to be chargeable to research.

There is nothing in Lhis proesentation that is supposed
to be particularly difficult, It is simply a demonstration
of one rather simplistic proccdure which at least moves us
into a position to identify not only the cost of cducating
a student across the board but also the cost of cducating the
student in the lower division, the upper division, and the
graduate division for any particular major. 1f you look at
those figures, it would appear as though somec of them are way
out of line and they may raisc some questions. The factors
which caused that are something that I am nor familiar with
since I am not familiar with West Virginia University.

EVALUATING A PROGRAM PROPOSAL

We discussed the concept of cost bencfit analysis and the
concept of PPBS, and I want now to move us in the direction of
the evaluation of educational programs 1 have distributed.

Now obviously I thipk as a starting point there is sore rele-
vance, and I suggested that we look at the proposal for the
establishment of the doctoral program in molecular science

at SIU as an example of a docteral program that has been
approved through University channels; it is currently func-
tioning. The document was about one inch thick, but most of
it was course descriptions and faculty resumes. Other than
that this is what was submittced as the basic justification for
the program,

Now let's just kind of open up this discussion. What is
your general overall impression? What information would you
fock if you were sitting in judyment on this, ignoring the

Q j’iq

(WA )




182

question of whether the staff is qualified to handle a doctoral
program or the question of whether there is adequate course
work? If =he staff is there the course work is obviously

going to be there, so there is no educational criterion that
must be considered in here. The real question is, is the
program one Lo which you fecl we should devote the requested
level of additional funds. Now we also might want to ques-
tion the projection technique on enrol lment and the projaction
technique on additional tunds. Anyone want to start the dis-
cussion? '

AUDIENCE: Onec thing, acadenmic departments asking for new
programs don't raise the question of the library. They just
scem to feel the library fund is something that is just going
to materialize out of the blue.

SPEAKER: I would agree. There is a cost clement.,

AUDIENCE: 1Is there an assumption here that there will be
no increascd individuals salaries over this scven or cight
year period?

SPEAKER: I found that somewhat hard to figure out when
I looked at the '68-'69, '74-'75 budget because he talked
about a staff increase from 40 to GO or 50 percent and a
budget incrcase of from $300,000 to $150,000 or 50 percent.
Arc we getting lower qualified people so that we can raise
the salary of the other people, or does the '74-'75 budget
ignore salary increases? 1 don't know; I wasn't there.

AUDIENCE: What's the excusc of tooling up for at least
$75,000 in each year?

SPEAKER: They ought to be well tooled up anyway. They
are talking about a rather broad spectrum arca, an area which
requires obviously an extensive major equipment cost. I'm
still not sure I recoynize the diffeorence between major
cquipment and tool-up cost. 1 suspect there may be a fine
breakdewn between the two which I would use as major cquip-
ment costs. There is no evidence in here of the nature of
these expenditures so that Lhe person cvaluating the propo-
sal can evaluate the rcecascnableness ot Lhis forecast. So
we have no anticipation of incrcascd salary costs; we have
no supportl for major cquipment {or tool-up cost in terms of
what they are going Lo buy.
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Looking at the government 's oxperience with the high
spced transport SST and C5A and other f{ancy picces of cyuip-
ment, the projections on these costs are very important. The
governinent rarely forccasts their costs very accurately in
this particular sphere. Fregquently, it is on the order of
about 200 percent higher than the initial forecasted cost,
and the federal government is considerably more sophisticated
in this kind of forecasting procedure. Any further comments?

AUDIENCE: One rather obvious question: Why raise the
non-academic personnel allocation in this period of time 140
percent and the academice personnel only 50 percent?

SPEAKER: I suspect they might have a valid answer for
that, but since no justification is provided, the question can-
not be answered.

AUDIENCE: Where is the cost of office and laboratory
space?

SPEAKER: 1t does not appecar to be included. Since over-
head charges on government contracts are 55 percent of person-
nel costs, overhead would be estimated at 55 percent of $325,000
in '68- '69 and 55 percent of §510,000 in '74-'75,

AUDIENCE: Hww many other similar programs are there?

SPEAKER: I don't know. Again, there is no information.
I think the lack of demand information is the major drawback.
They were fortunate in that respect. HNow the requirements
are such that at least there has to be a forecast of demand
for the State of Illinois and an indication of other Illinois
programs that are comparable as wecll as a forecast of the
numbers of students in your program and their program. That
is the beginning step. I would say it is only the beginning
because you really need information on the entirec country.
It is foolish to assume that molecular scicence programs in
the State of Illinois are independent of other states.

AUDIENCE: When you said this went through all the channels,
you mecan this was approved by the staff of the Higher Board of
Education as well? And with just this much information?

SPEAKER: Well, Lhere were hearings on it., But this is

what went forward to the Board and presumable with no modifi-
cation. Now of course we don't know what went on in the hearing.
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I think if I had approved the proposal I would want to have
the records of the hearings in the files. This report is all
the Griduate School at Carbondale has in the files on the
approval for this program.

AUDIENCE: What was thc job market for the two 1968
graduates?

SPEAKER: I don't know. That is obviously a relevant
item that could be included here.

AUDIENCE: 1Isn't therc another relevant item, and that
is are there other programs that would be more beneficial to
the students which this universily scrves.

SPEAKER: The question here is cssentially a trade-off
question. He is saying that this molccular science program is
a program which is within the objectives of the university.

Is it the best program which can be offered to the body to
which we are providing this service? What Kind of public
considerations went into the investigation? I think this
kind of question could be raised for almost any proposal
that comes forward.

AUDIENCE: I think another thing, too, is that in the
University we talk about the systems approach being a series
of alternatives. It might be better if we spend our money
on a course Doctor's degree in computer science.

SPEAKER: Right.

AUDIENCE: It is hard to believe that this program was
actually approved. First, there is’ an assumption that there
will be no dropouts during the program. The third-year students
are carried over to the next year in their entirety. The cost
per graduate in '74-'75 is about $50,000 a student, and the
cost of all 90 students in the program is about $8,500 apiece.

SPEAKER: This is the cost when the program is fully
operating, and I suspect it is not abnormal. It does, hwwever,
produce an equal number of master's students as a side bene-
fit. The actual cost per graduate prior to '74-'75 is some-
what higher. But the public doces not know what it costs to
educate many of these doctoral students. There are some start-
up costs. Start-up costs in any program are inevitable. You
have: to look at the per student cost and then amortize ttre
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start-up cost over some life cycle on the program,

AUDIENCE: We are screaming because the state law man-
dates that we have to have one teacher for every ten nursing
candidates, and they are projecting some kind of involvenent
of two faculty members for every three students.

SPEAKER: It is difficult again here to identify the
breakdown of time distribution, which is, I think, onc of
the errors in the proposal. We talk about 40 to 60 faculty
members, and obwviously they are not talking about 40 or 60
faculty members for this program. But they ought to identify
what the specific faculty input would be for this program.

There is obviously lots of academic pressure that moves
units in the direction of advanced studies. Pcople must
really begin to ask themselves, in a true academic sense,
what they should be doinyg. Again, I assure you that dollars
i not and should not be the measure of the educational pro-
gram, This is recally what PPBS says. It says if you have a
mole~ular science program, you ought to be able at least to
compare that program with a series of programs knowing what
their costs arce. Then if we wish to we can begin with the
assumption that their benefits are identical, or if you want
to modify that and say this particuloar proygram may yencrate X
amount of income benefits. But maybe a proyram in philosophy
is going to yenerate a considerably greater social benefit.,
We then at lcast begin to narrow down our arcas of disagrecement
to something which I think is a real gutsy question. Again I
think this is really the thrust of the kind of tools which we
are trying to provide you now,

AUDIENCE: Were there no comparable situations with
historical data that they looked at to try this?

SPEAKER: As far as 1 know, none. I wouldn't fault them
because it is common. We have to say that if you are going to
submit a program for approval, you have to go through the pro-
cess of identifying where the students' forecasts are coming
trom, rccoynizing all the costs that are included in the pro-
qram so you can identify the validity of your cost forecasts
and include all of the costs,

AUDIENCE: There if nothing in here that suggests what this
does in the masteor's program or what assumption there is that
the mast~r's program is adequate. There is a slatement to the
cffec’. they think that it will incrcase ilL.
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SPEAKER: Yes, again you have to ascertain more preciscly
what the impact is. It may well result in a decline in thc
cffectiiteness of the master's program as a result of this pro-
gram. It may alternatively be an increase in the effaoctive-
ness and desirability of that program, too. 1In fact, 1 think
most cducators would argue that the doctoral program enhances
the master's degree program. I'm not sure that's a totally
tenable position, but it is a very commonly argues position,
particularly it you arc sceking a doctoral progr.am.

AUDIENCE: There is a whole arca ot rescarch that has to
go into this that hasn't been touched, and that is Market
Analysis. You don't start a program until you know what is
the need for the product. Others are offering the same pro-
gram and what are the employment potentials? Who makes the
subjective analysis and determines an answer.

SPEAKER: This is of coursc an advantage that private
industry has. Rarely does a single individual have the
decision-making power in the public sphere. Genecrally it
is morec than one individual who has to make at lecast a recom-
mendation to the individual who makes the ultimate decision.
There is a grecater deyrce of restrictiveness, I think, in
the kinds of decisions that can be made in a public spherec.
Some of this may be perceived restrictiveness rathex than
actual restrictiveness, but it is there nevertheless, and I
think it should be there. There are procecdurcs and techni-
ques which have been and which are beins developed, parti-
cularly by the School of Administration at Case-Western
Reserve in Cleveland, which are aimed at both logical and
valid methods of sccking yroup decisions. That group has
done a good decal of rescarch on this whole arca of group
decision making which has a rather interesting level of
surface validity.

In fact, 1 think Sam was involved in some of this using
the DELFI technique in projecting the nature of education
in the year 2000. The mechanics of the DELFI technique involve
a process of utilizing individual inputs to develop a group
decision. I think you would be surprised at the degree of
agreement you can rcach on many of these factors once they are
reduced Lo the level that 1 am suggesting,

AUDIENCE: Was there an alternative to the Molecular
Science program, or did you have a gungho professor Lhat
hears something that nceds to be donce and somebody says he
has the inside track. 1 won't cven submit minc,
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SPEAKER: Tnerce were other programs, but they were not
considered as competing programs. They were considered as
programs for which one simply says the program stands by
itsclf. There was no trade-off consideration; the program
was essentially presumed to stand by itself without regard
to whatever clse was considered. This is kind of an interest-
ing problem because what has happened in some instances has
been approval of programs but no funding for those programs.
That is where somebody begins to say, look, I don't mind saying
the program is fine, but I'm not going to put any dollars in
back of the program. I don't know whcre this program stands
dollarwise at this point in time. I do know that the School
of Business had a funding cutback in one of its programs and
we werce told that all other noew programs were cut back an
cqual percentage, Obviously these programs don’t stand inde-
pendently.  They are very dependent. 1 think it is also a
mistake because the cost of a program if you have only a few
students is going to be fantastically bhigher than 1f you have
a larger number of students. So if you cqually cut back cach
program, it scems to be increasing the cost per student across
the board.

AUDIENCE: What about alternatives within state institu-
tions, i.c., the thought of not offering it here because it
is already offered in the state.

SPEAKER: That is the current requirement, but this pro-
posal got through before the Higher Board said they were going
to consider alternatives between institutions,

It should be recogynized that there are many benefits that

are difficult to quantify. Sce, for cxample, the sccond
paragraph of P. 4 and the first paragraph on p. 5.
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Planning and Analysis for ligher Education® Pramises and Pitfalls*

Panl U, Hamelman
Virpinia Polvtechmic tnstitute

Introduction:

Mich of the literatare on corprehensive long vange planning for
hirher education desceribes the Duropean expericnee and planinvg which
has been dope by individual cnuntrics.l In such systems, university
spaces are limited: planning and control are waunlly centralized;
admission is restricted to students with hialt academic potential: and
it is possihlé to closely coordinate educational plans with broader
economic and social development ohjectives as the cconomic plan stipu-
lates the kind and quantitics of professiounal, technical and skilled
manpover requirements necded to achleve national provth tarpets.
Educational planning is conducted in the framework of national poals,
prioritics and preferred manpower mixes.

In contrast, American collepes and universitics are relatively
unemcumbered by centralized planning and control apencies. Hipher
educational opportunities are available to a signiflcantly larger
proportjon of the collepe-age population: an "open access'' policy

prevatla in many public fostttut tons; once admitted to collepge student s

have a comparatively wide ranpe of cholee in selecting courses,

2 [ am indebted to Robert F.o Munn and Dastiel Rathlhwn for helpfal comment s
and encouragement on this paper, hut vemain solely responsible {or
any errors.
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suitchinn major fields of concentration, or chancin~ professions

once ~raduated. The Unfited States actuallv consists of fifty puhlic
systems of hisher education only some of which are headed by an

overall sovernin~ acency. Amone states with such controlling boards,
only a few have functions and duties which extend to budpet prepara-
tion, comprchensive planning, and allocation of specific educational
functions to the institutions under fts control. In addition, there
are several hundred private collepes which remain a part of the nation's
total investment in higher education, but which remain larpely indepen-
dent of the public system.

NDespite these differences, several rccent ronosraphs and papers
have suggested the potential contribution of PPB systems analysis to
hisher education plnnninn.2 Very often, the philosophical differences
which exist betireen American collepes and universities and those of
other countries are not explicitly trcated. These differences are
real, affecting the operational and organizational character of American
institutions of hisher learning. To ifuore them is to invite the
rebuttal by reluctant academic administrators that models of systematic
planning cannot be superimposed on American colleres and universitites.
It may be argued that efforts to do so will promote institutional same-
ness and/or mediocrity: that planning threatens the individual character
of specific inatitutions. Uhen collere administrators do accept the
necessity for systematic planning, it will often be insisted that what
planning that {s done tale place in utmost secrncy.3

Pespite differences in poals and cducational plhillosophies, the

production function concept of higher education can be gfeneralized to
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a very stall collese o a more comples waltdzersity, to g centvally
planned educational system or to a loosely-lknit one., Resources in

the form of faculty, space, classrooms,and laboratory equipment are
arrayed in a manner to expose students to various educational

experiences established by departmental and institutional curricula.

The nix between diffcerent acadenic procrams at the same ceducational
level, between praduate and underpraduate programs ' and between formal
instruction, research and service proprans of the institution: are
expressions of prescribed institutional missions, preferences established
by the institution itself, or student preferences in collepes which

permit students a wide degrec of freedom in course selection. Alter-

native combinations of goals require different sets of resource mixes
if objectives are to be achieved in a timely and orderly manner.

This paper discusses research which has attempted to link the
activities of a sinple institution of hisher learning to the public
system of which it is a part. The successive levels of planning and
decision-making in hicher education are: decisions made at the depart-
mental ¢ collepe level the overall activities of a single instictution;
and stratepgies and alternatives confronting a state system of hisher
education. This paper is an effort to Lridge these three policy
thresholds.

The first past of the paper discusses the flor of students among
decentral departnents within a single fnstitation of hipgher learning.
Some of the important determinants on cducational costs and institutional

outpute are treated in this sectfon. The svcond part compares costs
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and outputs of the public collepcs and unfversities which make up

the West Virainia svstem of hipher education. Public policies affecting
private colleces in lest Virginia are also considered in the second
section. Although thiere are gaps in our complete understanding of
Arierican hisher education as a total system, PPR analysis assists in
defining the critical variables {n educational plaoning and facilitates
comprehensive long-~ranse planning and improved management decision-

maling.

Institutional Cost :lodels

The need for careful attention to unit costs in hicher education
has been recopnized for many yecars, Vhether an institution is an
independent private collere or a public university, the expenditure
of funds is a matter of concerrn to students, faculty, alumni, trustees
and the public in peneral. '‘Hse spendin~ . . . is an important and
difficult public duty hov well it is discharsed by the administrators
of institutions depends larprcly on the amount and quality of informa-
tion svailable to them."4

Various dimensions are used for unit cost analyses in hipher
education. Common measures include cost per student, ecost per student
class hour, or cost per student credit hour (credit hour value of a
course times and number of students enrolled). The latter measure
is the most meanin~ful for oncrational purposes since the number of
credit hours carried by a student usually determines tuition charpes

assegred against him, distinpuishes betveen part and full-time attendance
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and it is through the accumulation ¢f credit hours that eligibilicy
for graduation 1s determined. Knowing soamething about study habits
of students, it is possible to estimate the number of full-time students
in residence from credit hour data. or to translate enrollment'pro-
jections into estimated institutional credit hour 'production' in
future time periods.
Unit cost data are more meaningful when they can be reviewed
over a period of ycars and trends in cost hehavior can be detected.
Table I displays selccted data of eleven private institutions of
hisher learning reported in a recent study of private colleses and
universities in lev Yorl. State. llost institutions maintained a
fairly stable student-faculty ratio between the two periods, but Table
I reflects that faculty productivity, as expressed by averafe credit
hours per faculty member, declined in seven of the eleven institutions.
Table I supports the view that unit instructional costs are the
resultant of the interplay of many factors, not least of which are
faculty salaries, numbers of students in attendance, and indirect
instructional costs. Average salaries pafd all faculty ranks increased
in each institution at an approximate annual rate of seven percent
between 1963-64 and 1966-67. In somc institutions, increcases in
faculty student credit hour productivity morce than offset the upward
pressure on unit coste caused by hisher salaries. Tnstitution E shows
a decrease of five dollars in credit hour costs over the four-year
period and over one-third increase in average credit hours per faculty.
However, Institutions G and Il show productivity incrcases coupled with

increnscs in average credit hour costs.
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Appregate data such as Table 1 mask inportant determipants of
instructional cost, e.g., the mix between different faculty ranks
at different saolary schedules, the proporticn of variable, semi-~
varisble and fixed institutional costs ond chansies in the proportions
of each over a period of years; the higher costs intrinsic to same
academic disciplines (solid-state physics compared to history, for
example) and the proportion of total enrolluent in more costly academic
programs, Averane instructional costs in scnlor-level courses are
hirher than freshman classes cnraduate couraes are nore expensive than

undergraduate instruction. Therefore, channes in the nix of students

at different lecrce levels is an additional deterninant of instructional

costs.

Data such as Table 1 are commonly used by acadenic administrators
and trustees for purposes in indicating institutional cost trends.

So long as the surface quality and limitations of such data are
recognieed apprecate inatructional coat data are useful indicators

of overall institutional cost performance. But the tip-of-the-icebevg
quality of such data are fully appreclated by educational decision-
makers.

Table 11 1is an alternative, nore detailed method of presenting
inatructional cost. This table displays the study patterns and cost
of selected underpraduste pro~rama at a major state university. The
table has advantapces over conventional coat models since it captures

an additional dineneien of instutional costs and Lnstructional outputs,
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Undergraduate {nstructional progsrams require that students seeking
specific denrees tale a certailn number of courses cutside the departmeat
{n uhich they are majorins. Such courgses may be functionally related
to the student's firld of concentration, c.:., mathematics courses
for engineerins majors. Other courses taken outsfde the major {ield
serve the purpose of broadeninz the student's point of view and act
as a safepuard against overspec: lizatfon. Still other departmental
curricula permit students sonc deprce of ilatitnde in selecting
"unrestricted' olectives -- courses or subjects vhich appeal to then
{ndividually and which are not necessarily of(cred by his mafor field
of concentration,

Uhatever the reasons for interdepartmental student conrse demands,
the practical result fa a joint cost associated vith undergraduate deprcee
programs in Am:rican collences and universities. Authorization for new
faculty and budgeting decisfons are made to individual departrents or
professfonal schools, but in preparina budpets, departrent chairmen
cannot accurately estinmate future nceds uithout some knouwledpe of the
number of students outaide the departnent who will repdster for the
department's course offorings. The chafiman of the mathematics depart-
ment, for example, miat have some notion of the nunber of bualness
administration, enntneerine and other students majoring ocutside his
department who vill arek entrance to mathematlcs courses before he can
properly plan his departmenta) requirenents. Table Ul [ixes the
‘external * demands placed on individual departnents by the under-

asraduate cutricula of the several departnents, Conceptually, Table
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EXAMPLE OF THE DISTRIBUTION OF UNDERGRADUATE CREDIT HOURS AMONG VARIOUS DEPARTMENTS,
AND AVERAGE EDUCATIONAL COSTS BY DEPARTMENTS AND BY DECREE MAJOR

ACADEMIC DEPARTMENTS

3 RESOUPCE INFUTS ($)
(5300 OMITTED) P
| "
Degree Number of mwuo“ $141 “ $91 ! mNNOM $134 _. $76 mwwo, mNmN* $204|] Credit Hour | Cost DOnn\nnan»~
Major Students AGR. | BIOL. “ CHEM. . mznr; MATH ﬂOH. SCI1 BCS. _ ENGR. ” Total Per Sem. | Bour By q
: _ : _ A | “ . .| Bv Mafor | By Major . Major
AGR. 633 7.210 .70 i 1.7411.97{ 1.83 | .19 {1.39] .87 .Zr 16.1 | 5410.53 $25.50 |
; . 1 T ! ﬁ " -
BIOL. 214 .ST.S wu.uuﬂ 1.831 1.35 1 49 | .26 c! N.our 15.7 | 430.58 * 27,42
CHEX. 80 ged s §7.ael320] 3.3s b {3l Lee! 107l 16w | a0 20080 *
i 11 + m T “ 1
ENGL. 146 971191 | w6t 7.8 1.ea |22 w 2z of z.eet 156 1 son.0s 25,71 [*
fﬂ i ! : N | : 1 m 1
MATH 157 0i1.91 11.27{ 2390 649 { 1.08 | o) 29% 199l 157 | 3se20! 2.6 T
' T * N -t : 0 T ! 1
POL SCI 214 06! st 4 901273 1.16 | 7.6s | 1.6si ol sl 1.8 | 297301 20,09 **
: i 4 f ' i ' ‘
BUS. 763 200 .31 0 . t2a7laas {129 | 9800 Lo2i .oell 5.4 M 250.88 ! 16.29
. i i : § 1 (
ENGR. 896 03] .03 177 {133 358 | .5 | .75t o667 o7l 1407 ‘ 430.28 | 29.27 1
M N p N ' [ !
EDUC. 733 28 11.66 ¢ .74 | 3.47 ) .65 .55 | .52  of 7.0 4.9 _ 406.78 | B.pl.
-+ — M T =~ . )
Total Credif | | | . : M
Bours 3836 5139 {3775 | 5326 {9392 | 7784 | 3882 | 9925 | 6581, 67761 —
Cost Per m ! .\\“.»u
Credit Bour s 29.29 | 38.44 | 17.17{23.51 {17.27 |19.67 {13.16 |4C.97 _ <
(Dept.)
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11 48 similar to an input-output system. ‘The production of 'products’
{students) by some "sectors” (academic departments) of the ‘econimy’
{(entire college or university) engenders resource requirements (space,
equipnent, faculty, etc.) {n dboth the expanding sector of the cconomy
plus {ta suppliers.

The essential characterstics of this systen are showm in lable
11. The table represents a cross-scction of credit hour course repnfs-
trations of selected undergraduate denrce candtdates (all elass raunks,
freshmen throupgh senfor) at a university durlas one senester. Tlovres
in the body of the matrix relate to the numher of credit hours demanded by
different degree majors. Students in ageiculture resistered for 7.21
hours of anriculture couracs .70 hours of blolopy, 1.74 hours of
chemistry etc. These values are canivalent to technical input
cocfficients of a conventional production process. Understandably,
the credit hour coefficients assune maxirum values when a spectfic
student major rou fntersects the departnental colunn tn which he rajors.

Dollar inputs showm at the head of cach column refer to direct
caculty salarics only and vithout reference to composition by ranks.
Only that portion of faculty salarfes which is attributable to fornmal
undergraduate instruction are included, {.e., praduate inatructlon,
departrental research and setvice activitics are ezcluded. ) Averape
taculty costa pet departmental credit ate shown at the base of the
table, the resultant of dividiny the total dollars spent by the depart-
ment by total hours tausht. ‘tore important from the point of educa-

ticnal planning ta the cost per sewmester for denrce najors showvm in
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the next to last colunnm of Table IT. These costs arce the summation
of the averace number of credit hours demanded by cach denree major
timny averape departmental credit hour cost, 5191 d’ci.

This rnethod of displayinn instructional costs is sinilar to the
mission concept of PPB. The output of biologista depends upon resource
allocations to both the Liolopy department as vell as to all ocher
academic departments in which blolopists study. Attentfon {s re-
directed from departmental bLudpeting to the considerations of joint
costs of supplying araduates with specific intellectual skills. TClan-
niny and budpetine cut across traditional departrental orpanization,
thereby facilitatins balanced resource allocation and inter-departmental
coordination.

For example, assume that the Nepartnent of Political Science
were to Increcase by fifty the number of undergraduate najors in the
department over the next several years, If {t (s further assuned
that faculty requircnents arc dircctly proportional to the nunber of
students in residence (which would be in the case if the preflerred
student-faculty ratio for undergraduvate instruction had been achieved)
and that averape costs equal marginal costs, then fifty additional
political scientists would require approxinmately $14,665 tncremental
faculty salaries, at current conpensation levels. About $§7,500 of
this fncrease would e tequired in the Political Science Departnent,
but aisnificant aounts would also be needed tn Fnslish and lathematies,
A siniiar expansion of fifty blolosy majlors would create need (or

$21,500 fr. ncw faculty salarics. In this casce, the expondin depart-

213
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ment wor 1d anain acquire the birpest portion of the {ncreasc, but
Enzlish, ilathematics and Polftical Science vould also require addi-
tional faculty positions based on the affinity of biolopy students
to take courses listed in thesc three departnents.

This ta not trade-off analysis fu the form:l sense such compari-
sons need not inply that political scientfsts are preferable to biole-
pists sinply because the former are less costly to “produce.” On
the contrary, a nerative conmotation {3 usually assoclated uvith
academic goals which are pursued on the ¢hesp. Instead, the prinavy
reason for tracing out cost implications of cducational programs is
to assurc balanced resource plennins anong those acadenic departments
uvhich will be affected by the expansion. This point can be especially
fnportant to those departnments which have few studeats majoring tn
then, but which render {nstructional support to a large nurber of

students seceking deprees In other flelda.

Factors_ Infl.cncing Student Demam! Patterns

Study patterns of specific depree candldates have an {nportant
effect on resource planning for tndividual departrents of a collepe
or university therefore, ft is appropriate to interject here sone
comments on the stability of student donnnd; over a period of years
and the utility of course reafatratfon matrices such as Table 11 as a
foreccaatiny device. A five year revicn of such data in a public
university supprests that three varlahles have the greatest coffect

of the intra- and extra-departnental course donaada nencrated by

specific derrce candidates.
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First, the level of instruction has the most sianificant {nflucnce.
The {uterdisciplinacy portion of most undergraduate curricula occurs
in the early stages of degree prograns. Freshnen and sophomores
ordinarily repfster for a variety of courses in different departments;
juniors and senfors on the other hand tend to concentratc in the
courses offered in their major ficld. Graduate programs are also
almost entirely intra-departmental proprams.

Second, departnental curricula chanres have an obviocus influence
and a cummulative cffect over a period of ycars. For example, students
majoring in one department, (vhich e ©E11 call ") once had the
option of taking courses in a cornate diacipline (Departnent Y).

Some years ago, the faculty of Nepartrent X formally instituted the
requirement that X majors take three courses in Department Y. As
succenssive enterinp students became subject to the new departmental
requirement, the averase number of credit hours carried by X students
in Y department nradually incrcased and cventually stabilized.

The third factor fnflucacinn the stability of student tronistra-
tion patterns over a period «f vears {s the nunher of students enrolled
for differentfated dearces. Thia {s a problen related to the appro-
priate level of apgreration of data in order to achieve predictive
accuracy. ‘Mmen too few students are enrolled in a specific defree
progrem, the courscs demanded by then are likely to reflect indivi-
duel preferences. Thirty or more students (In a highly speclalized
university) appears sufficient for prediction uvithin rteasonable limits,
An exception is pradunte programns vhich, as noted, are almost entirely

"in-house” educational prortrama,
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Enrnliment matrices such as Table Y1 are a flexible planning
tool which can assist in a variety of institutional planning pi1oblems.
Class schieduling. the ansrecation of related academic departments
fnto cluster campuses and decisfons concerniune building prioritics;
and other questions are matcriolly assisted by enrvollnent couf{igurations
such as Table II. ilatrices can be undated periodically to reflect
current trends in student demandsz. In colleses where repistration
data are captured and stored electronically, such tables canr be printed

6
out within a few daya followin~ the berinainn of an academic torm.

Institutional Goals and Cost-Sirulatton 'edels

Tlws far, no consideration haa been siven to institutional poats,
the priorities assfsned to ecach, or the effects ditferent conbinations
of goale have on institutional cost performance. To a large oxtent,
thie problem of choosins an appropriate mix amonp alternative combi-
nations of educational objectives is confined to larse universities.
Among four—-year collenes sdwose primary {{ rot sole purpose has been
formal instruction for firat-denree students, the question of priori-
ties amory diffeorent Institutional objectives seldom arises - huvever,
it 18 a sisnificant onc confrontines most universitics.

The poals structure of a universfty 15 ultimately reflected in
the professional services expected of the acadenic faculty. The *full
professional life" in unidversitica conafsts of varyins preportions
of classroom instruction (at different educational levels), depart-

mental research, service to the community and/or the acadenic diascipline,
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and willingness to scrve on a variety of committees, theses direction,
student advisencnt and other forns of uncompensated finstitut onal
gservica. FLach of tliese activities constitute an Inportant sepgment

of a university's overall mirsfon hovever, no two fnstitutions will
necessarily place the same anount of enphasis on each. slevertheless,
the fmportance of institutional objectives {n educational resource
planning and the balance strucl. among alternative university objec-
tives i8 beconing increasinsly apparent the missions pursucd by a
university can be the dontnant vartable {n educational cost cquntlons.’
Flexible planning modeln should have the capability of appraising
ceducational planners of anticipated cffects diflerent combinations
of goals will have on institutional performance.

Such conafderations arc explicitly treated fn a university cost
and output s‘mulation model cutrrently being developed at VPI.8 This
model will permit altermatfive assumptiona abont ifnstitutional ohjectives
expectations about faculty service (policy paramcters) and the loint
cost nature of certain educatfonal proprans.

In abbreviated form, the seneral characteristica of this nodel
are!

Given:

(a) A univerafty of stated sfze (about 10,000 students) with a
variety of differentiated graduate and undergraduate deprec
prorran offerinta,

(b) altermative aszmptions about the pricrity of faculty assinn-
ments anont conpet dny Institutional okjectives (upper and
lowver dlvtaton wndersraduate instraction: ptaduate instruction;
voscarch professional service institutional service) and

the propotrtion of total faculty salatfes which can be assinned
to cach of these nisstions,

<17
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(¢) historic drop-out rates of gpecific decrce candidates
and/or the percentane of students vho suitch fields between

initial entry and graduation,

(d) a lazer boundary on the mininun nunhber of declared depree
candidates in degree programs before an academic depart-
ment {8 recognized as a departnental eatity,

() an upper boundary on the maximun enroliment permitted in
spaecific depree proprams or departments,

(f) joint instructional coste cxperienced in some denree programs.

Find:

The optinum allocation of linlted spaces to various desree

programs which naxinized the expected discounted 1ifetime

earninga of all graduates of the university.

This nodel attenpts to bridie the diffcrences between the often-
quoted values of fnstitutions of hirher learnin; and the cconomist's
viev of hisher education as a human capital-crecatin: process. Varfables
(b), (d) and (e) arc institutional pelicy parancters vhich can be
manipulated by institutional adninistraters. The lower bound on the
nunber of students seekinn specialized derrces recognizel the fact
that university's resoutces ate linfted and that no institution can
accemodate all cducational denands. The upper Lound on departmental
enrollnent assurcs that the value of diversity in hisher oducational
experiencea is prescrved that a university does not becone overly-
fdentified as strone in asone acadenic fields, btut as nedlocre to veak
in others. st university adininirtrators on the other hand probably
would not aceept the frprovenent of tifetine ramnlng potential of
gradvates as the sole purpose for hicher education, although the
econonic logie and consistency of this criterion is difficult to (ault

fron the standpoint of socfal ceat-beacft anniysis. As a simulation

~15
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wodel, the main objective of tﬂta rescarch effort is to strike a
balance betueen vicws held about the purposes of the university and
to comparce altcrnative costs, outputs and benefits of varfous insti-
tutional policies.

Certain parts of this mod:l are currently available. Tahle 111
displays the direct coast of fnstruction of sclected denrcee majors at
different instructional levelas under tuwo sets of assumptions about
the deployment of faculty enerpies to different onds., Costs ahowm
in Table IIl arc joint (interdepartmental) costs based on past rciistra-
tion patterns of desree candidates. Case 1 assunptions provide
faculty members wfth opportunitics for departmental research and
public servicce sctivities, knorledpe-creation activities which are
a vital conpc: ¢t of a university's overall mission. Case Il assump-
tions nishet be rore appropriate for a university uhich is prinarily
concerned vit? the transnisafon of lnovledpe and leocr so vith fts
creation, (fc: ~ .anple, an encrains public unfversity fo an urban
corrunity vhi-h of{ere graduvate vorl: fn a linited nunber of acadenic
fields). Unt  cither set of assunntions, the portion of faculty
salaries assigncd to formal instruction is channed a3 are the costs
for the several types of denrce majors.

Dropout rates and/or the amount of svftching anons najor fields
affect the coat of instruction to specific cducational levels. The
cost per scerester per lover division mathematics major is shown to
be $143.75 {n Table II1 (Case 1): hemxver only ciehty-nine percent

of encering mathenaticee majors “survive ' to the {irst tem of the
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junior year., Therefore, the cost per successful math studeat to tha
‘junior year is $614.12, allouing for those who dropout or suitch fields,
Once mathematics majors attain thelthird year, lhovever, they are
virtually certain to praduate two years later this is not true of
other upper division undergraduate proprams.

As an example of the type of output expected from the cost simula-

tion model, the four-ycar dircct faculty salary cost per first-depree

praduate in the fields listed in Table 11T are: psycholopgy ~- $2,926:
biolosy -- §3,0633; mathematics -- §2,418; business and cconomics  --
$1,942, and enpincering -- $4.103 (Casce 1 assumptions).

Additional refinements in this nodel include: the inclusion of
departmental indircct and general institutional costs to derive a
total cost of education, scnsitivity that average class size in some
disciplines has on student performance as neasured by class failure

rates,? linkage of the total cost of supplyinsy specific manpower

skills to expected lifetine ecarnings of praduates. Haxinization of
apprepate lifetine carnings of all praduates, subjoect to policy con-
straints imposcd by the institution, provides a superior basis for
the allocation of limited institutional spaces to the alternative

educational progrrams.

Planning for a single institution of hisher lcarning cannot be
conducted entirely independent of the larger community of which it
is a part. This is espccially truc of state-rclated colleges and

universities. Long-ranse plans and goals for public higher education
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must be devecloped vithin the context of existin; state priorities and
fiscal constraints, Entircly different problems are encountered at
the state level of educational planning - pertinent data to yuide
decision-makers are often unavallable ecaps rematn in the ability to
consider higher education in a total systemn framcvork,

Despite these problens, questions which must be dealt with

include:

Por vhat special segment of the population is cducation to
be provided? Uhat is the preferred mix betueen four-year
academic, graduate, junior college and adult cducational
prograns?

tlhat limit, if any, is to be placed on non-resident enrollment
in public colleces?

llor shall cost burdens be distriluted amon~ the clients of
higher cducation? t/hat will be state, local, federal and
student cost shares?

tThat alternative educational outcomes can he expected from
an '"open-access" as opposed te successively more selective

admission policics?

Rerional availability of educational opportunities is desir-
able, but vhat practical limits shall be placed on this
objective to puard against over-expansion and/or redundant
capacity in the educational systen?

Does the public system threaten to displace tha private

colleges in the state? llow can th2 dual systen of higher

cducation be preserved in view of the relinfous affiliation

of many privatc colleges and the constitutional prohibition

apainst public aid to religious institutions?

Ansvers to these questions are rarcly casy te find, even after
protracted discussion and analysis. the "optinum' educational policy

for a state cannot be sharply defined. Thas, the analyst has the

comforting knovledse at the outset that the tmplications of his

523

Faswae =

o BUITG s 0§50 54 TG VX e s T Pongrr g o I o mt BERIT S S S L o g~y




216

research will be regarded as objectionable by at least some segment
of the academic community and/or educational clienteles.

West Virginia i{s a case in point. Uest Virpinia has more fnsti-
tutions of higher learnins per capita than any other state in the
nation. The public system is composed of eight f{our-ycar collepes
and two universities, the latter beins the only institutions which
offer graduate work. In addition, several public colleges cither
jointly or independently perate six two-year branch collepes in
various scctions of the state. Uest Virginia University also main-
t1ins a center for ecraduate and professional denrce students (Haster's
level only) in Charleston, the state capitol.

Parallel to the public systen are ten private collenes; seven
four-year colleses offering academic work in liberal arts and pre-
professional depree areas® three are junior colleges.

Despite the endowmient of public and private investnent in hicher
education facilities, the incidence of collese attendance among
eligible llest Virginia younssters is lowver than the national average.
In 1965, 35.8 percent of the states’ hinsh school sraduates continued
on in hisher education, compared to about fifty per cent nationally.’”
Although the rate of attendance has been tncreasing in the last several
years, the population decline for the state is an additional factor
in long~range plannins for hicher eduitcation.

liistorically, Vest Virasinia has provided liberal support for hipher
education, both In absolute terms and in accordance with her ability

to pay. From 1965 to 1909, appropriations for higher educatfon have
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incrcased over ninety percent, or $49 million (operating expenses
only) in FY 1968-69. 1In 1967, the statc ranked 47th in per (apita
income and 34th $n per capita tax revenues, but 26th in per capita

expenditures for hisher cducation. Current prejections estinate

1

expenditures of $33.1 million in 1975.] This 1as a sfeuificant out-

lay in terms of Vlest Virsinia's ability to pay and in view of its
inadequate tax base. Fiscal constraints thercfore mandate the nced
for prudent managenent and developrient of the public higher education
system.

The Uest Virpinia lLegislature has long recognfzed this need.
For a number of years, the lenislature has published a compendiwn of
pertinent statistical data to review the oporntioﬁn of cach public
collere and university and to lend substance to budnet hearings.
nating body for public higher education in Uest Virginia since each
institution's budget was individually approved by the lesislature,
In 1969, a Li)1 creatine the Board of Resents was enacted.  Anong
other duties, the Renents will prepare and submit consolidated budpets
for all public institutions and assign educational missfons to the
several colleses and universitics.) lucluded in data eompiled by
the lesislature are student curollments, student-~teacher ratios,
and average salaries at cach pulilic college.

One computation of particular Interest is the State's operating
budget appropriation per enrolled atudent in each college, and the

trend in public costs per student over the last several years. Table

R20
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IV summarizes these costs for each collece and university in Vest
Virginia., Such comparisons do not consider the dlfferences in educa-
tional quality anmong institutions, wnor do they account for the hipher
costs of graduate and professional degree proprams avaflable at some
institutions. Also overlooked are diffevences in research and scrvice
productivity amonn publié institutions, albeit very difflcult to measure
such outputs. Per student appropriation diata can also invite invidious
comparisons by regioral supporters of individual colleres and univer-
sitles. The desire to equalize per capita expenditures by spending
acgencles pursulne similar purposes has air ohvious and persuasive

appeal to elected representatices  data such g Table IV support thonse
who arguc the need to "close the pap' betvees the have and bave-not
institutions.

A superior basis for comparine institutional performance i ihe
four-year public cost per graduate. Amwual appropriations per student
overlook the four-yecar duration of undergraduate programs  per eraduate
cost comparisons must take into account the elfcect drop-out rates have
on instructional costs. 1If only fifty percent of those students who
initially enroll actually araduate  then two students must start for
cach graduate four years latev.

Attrition rates of Uest Virptinia younpaters in each college In tie
state arc avallable. 12 s (0 con e shovm that over the last nin: LRI
an avevape of 40.7 percent of entorfny stutentas at dlaetield State Coliope
graduated four year: later  952.3 percent of firvst year sctudents at Corcord

Collene and o on. lhen dropout rates are coupled vfth each institotion'.:

ERIC

Aruitoxt provided by Eic:
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TALLC 1V

Appropriation per Full-Tine (liquated) Student
in West Virpinia Public Collemes and Universities

School 1964-65 1965-66 196667, 1907-68,
Bluefield $ 772 $ 711 $ 705 S 760
Concord 718 (91 349 1,096
Failrmont 620 584 (40 854
Glenville 732 602 678 804
Shepherd 690 697 740 Jua
Hest Liberty 530 530 013 730
llest Virvpinia Tech 6506 635 764 356
Ilest Virginia State 696 745 163 1,052
Marshall University 731 019 660 7174
llest Virginia U. 1,052 1,078 1,156 1,258

Source: Subcormittee on ipher Education, A Study of State Insti-
tutions of irher Rducation in tiest Virpginia (State of Uest Virginia,
Charleston, 1968), p. 23.
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budget appropriation, the comparative cost perforrance among col eges

is significantly altered. For example, the public subsidy per graduate
at Mest Virginia University is $5,078 and $4,910 at lMMarshall University,
based on the 1967-68 budpet appropriation and allovine {or the higher
costs per graduate student enrolled at each university. The equivalent
cost at the four-ycar collenes averages $7,5%41 pev praduate, ranging

13

to over $10,000 at one four--yeir collepe. The four-year public sub-

sidy per graduate has obvious advant.pes over annual student subsidics

as an estimate of cacl institution's ''cost effectiveness,"

Curiously, there is an inverse relationship bhetveen the public

Pt

cost of cducation and institutional quality as best the latter can be

estimated. Either close to or over half the faculty at the two uni-

> i o

versities have generally accepted terminal teaching credentials (Ph.D,

[ SN

or equivalent) and library holdines numbering hundreds of thousand

volumes. The state colleses have an averase of fewor than one-f{ifth t

[,

faculties with a doctoral derrec and ave toscether ovver half a million
volumes short according to minirmum Amerfvan Library Association stan- {

14

dards. However, the effects of scale could also be a factor in the

superior cost performance at the two universities. llarshall has 7,000

)
students enrolled: VU over 13,000, The larcest four-year collepe has
just over 3,000 students while the rematnine state collepes averape J
about 1,500 full-tine students. [t would also seem lonical that ‘
admigsion standards and the acadenic potentfal of beoiduning students

influence the class survival rates for cach institution, but Informaticen

of this sort {s not fiencrally avaflable. The stated requirenents for

x 28
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entrance to cach public college are sinmilar but the actual academic
potential of enterins classes at each institution i{s not known, 15
An alternative means for the State to provide higher educational
opportunities for its younnsters i{s the 'est Virgfnia Scholavrship
Plan. Under this program, a Uest Virsinio hish school graduate with
the intellectual ability to continue on to collepe, but not the
financial rcsources, can receive a public scholarshiip. The scholar-
ship carries a maxinun stipend of 3600 per year and can be exercised
in any collese in the State, public or private. This program is sinilar
to those adopted by ilew Yorl:, itichipan and other states and has been
found to be not in violation of the constitutional prohibiticn against
public aid to religious institutfons. Other objectlives of such plans
faclude the ecqualization of tuition differentials betucen public and
private colleses (about $750 per year in tlest Virginfa in 1965) and
to help redress the balance in cnrollemnt betueen public and private
institutions. (In 1950, total national enrollment was evenly divided
between public and private colleges. In 1964, the private colleges'
share declined to 35.7 percent while in Uest Virginia for the sare yoar,
only 23.2 percent of total enrollnent was accounted for by private
collenes.) The Scholarship Plan has gained wide support in Uest Vir-
einfa as it recornized the contributlons and {inancial constraints
facing the private colleres.
Finure I summarizes the cffoct: the Seholarahip Plan vould have
on public cost and repional availability of hisher education in the

state. The pulilic subaidy calculated for each public institution

229
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takes account of the number of students who can be expected to griduate
in four years, based on the past performance of West Virginia students
in the public collepces. The equivalent four years subsidy per graduate
for those students who elect to attend one of the private colleges
is based on an assumed averace annual avard of $500 per scholarship
recipient, (These costs are strictly comparable. The historical survival
rates used for the private colleges arc based on the performance of
llest Virginia students only‘ non-resident student survival rates in
no way distort the calculations.) TFirure 1 clearly demonstrates that
the Scholarship Plan is an alternative mecans of deliverinpg higher
educational opportunities vhich also serves the additional goal of
economy in the hirclier education systen, ‘loreover, this economy can be
achieved at no apparent sacrifice of educational qualfty. The private
colleges are at least on par with the public four-year colleges on the
basis on library holdings, and are generally superior in terms of faculty
credentials.

Given the fiscal constraints faced by the State and the perfor-
mance of the present educational system, it is possible to consider
some alternative strategices for future development of higher education
in Vlest Virginia. A policy of simultaneous uprrading of all public
colleces 18 one possibility, but surely the most costly one. 1t
would require an estimated $6.75 million to brins the eiffht State
Colleges up to minimum A.L.A. standards for library holdings for colleges
of equivalent size (cost to shelve only; net of capital costs). This

sum is greater than the cumulative total of all State appropriations

<41
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for equipment acquisitions of all colleges and universities ovei the
last three years. The upgradins of other factors of production in
the educational process would have far greater cost implications.

Selective uparading of some institutions will surely be object-
ionable to those not so favored. But 1f it is true that there are
aconomics of scale in higher education and/or undergraduate education
in universities is generally more cost-effective, should one or more
of the existing state colleses be converted to a regional university?
If so, vhat additional factors should be considered in the selection
process? Would it be feasible to establish an entirely new university
at a new location rather than select one among the eight state college
candidates for university status? These questions have far-reaching
implications, but the ansuers to them are not at all obvious.

An examination of the distribution of cost burdens of higher
education suggest a third alternative vhich could be the most object-
ionable to those directly affected by higher education. The public
institutions are virtually totally reliant on the legislative appro-
pristion for operatin; expenses. Only a small fraction of student
fees goes into the operating fund accounts of the institution vhere
collected. The State sets an upper limit on the amount of tuition,
registrarion and other special student fees that can be charged by
the public institutions. The current total cost per semester is
approximately $160 for a llest Virginia resident. The largest portion
is deposited in a Special Revenue account used only for the cost of

zurrent and future capital improvement projects. Consequently, very

<32
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1{ttle of the income from student charces is used to pay for the current
cost of education® most of the income frcm fees nocs to capital costs.
If the lepislaturc vere to approve a new student fee of, say S$100)
per semester, dedicated to offscttinn operating expenses at the insti-
tution at which collected, an estimated $7.2 million in additional
operatiny revenue would becotre availahle to the collrpes and univer-
sities to supplement the current public subsidy. Since fafrly accurate
estimates of future enrollments are made for cach college, inter-
medfate ranped financial planning by the collenes would also be
frproved. Operatina income would he partially linked to student
enrollment’ dependence and uncertainty over the lepislative appro-
priation would be eased. Illowever, this alternative vould also directly
affect the 36.000 students enrolled in the state insti.utions by making
the private coat of public education that nuch ncre expensive to
them. No doubt a tuition increase would cause an additional financial
burden to some students and their fanilies. Therefote, a component
part of this stratery could be a sirmltancous increase in the funds
appropriated for the Scholarship Proaran ($500,000 in FY 1969-70) which

{s equally available te students attendine the publie colleges.,

Conclustons
Based on the histerical perfomance of students in the educational
syatem, futute outconea of cducatioral stratendices available to Vest
virginia can be estinated. Existing ten-ycar corellinent profections
for eath inatituzion can be converted to asnresate credit hours tausht;

to credit houts demanded by apecific clasr ranks  to expected nunber

PAR
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of graduates of each inatitution  and, piven out-mipration patterns

of college pradustes, the number of first-depree recipients who may

be expected to find initial employment in Ueat Virpinia can be approxi-
mated. Such projections assist the delfiberations of decision-makers

by narrowing attention on substantive issues central to long-range
educational planning. It is an error, however, to confugse such studies
8s attempts to specify optimum educational s'rateries. Estimates of
resource inputs and fnstitutional cutputs for future time periods are
vital for comprchensive institutional planninn, but sufficient data

are seldon available to prove Alternative A i3 superior to B: that

an incremental appropriation of $X nillien will yleld an Increase of

$Y million fn future lifetimc earninra of graduates. The proper
objective of FPD systems analysis 18 to probe for answers to the latter
questions., Some imaginative studics and pronisin~ strides toward

these ends have been reported to date, but the current state of the

art of systens anlysis in higher education {s still in an early stane
of development. Chofce anong alternative educatfonal policies remsins
larnely a matter of ju;gnent.

Another pitfall associated with the arplication of PPB fs the
possible reaction of educational policy-makers to such efforts. Two
entirely opposite responaca miy be envisioned. On the one hand,
educational adnminiatratora, who ate very buay people with many con-
cemns, nay interpret PPB as sone type of panacea for many prodlems

facing Americen hinlhiet education. Such aver-optinism ia clearly un-

watranted. Systens analysis can assiat in the solution of some problems,

Co—— [N Y — ——
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on others, such as the causes and cures of student unrest, the concept
has practically nothing to offer.

The opposing reaction may be the argument that universities are
so complex, that authority is so splintered amonn different parts of
the institution, and that universities are so unresponsive to chanse,
that no system of rational planning and dectsion-making is truly
applicable to institutions of hicher learnin~. This scens to be the
view of Jacaues Barzun in hia recent book, The Ancrican University.
"The essence of university adninistration defies analysis; it s a
branch of the black art.'-10 Opecrations rescatch, systems analysis,
PPB and related contepts are conceded to be scientifie instruments,
although those unfamiliar with them misht classify thea in me of
the occult branches of scicence. Does it necessarily follow that the
objectives of manasement science and the operational realities of
hicher education cannot be reconciled? 1l'e tould prefer to think that
there 18 ample opportunity to introduce a little scientific methed

in the area of comprehensive lonpn-ranne resource plannins for hirher

education.

1~
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FOQTUWNOTES
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Lthe Otpanization for Econocalc Co-Operation and Developrent bas
conducted a nunber of studies along this veln. Sec lathematical ilodels
for Educational Planniug, (OECD, Parts, 1967) The ilediterrancan Repional
Project: Planning tducation for Econonic .nd foclal Nevelopnent, (OLCD,
Paris, 1563): snd Efficiency {n Resource Utilirzation gn Uducation, (QECO,
Paris, 1969).

2Among, other examptes nce Narry Willdans, Planninz for Uffective
Allocation in_Unfversities, (Anerican Council on Uducatfon tashinpton,
D. C., 1966); Coordinating Boord. Texas Colleee ana Unfversity Systen,
Guidelines for Planning in Colleses and Unfversities, (Especially
Volume 1, "Planning Systen'') Texas A & if Unfversity, Dryan, Texas, 19638).

3Paul Nressel, "Caments on the Use of “lathematical “‘odels in Educa-
tional Planninz in ‘fathenatical_ilodels in Fducattomal Mlanning, p. 275.

4Californis and t'estern Conference, Cost and Statistical Study
(University of California Printing Departnent. n.p., n.d.).

SExclusfon of costa other than faculty aalarics does not seriously
underestinate the 'ttrue direct cost of instructiconal prograns. A recent
study of cost behavior in several unfversities, sinilar in size and acadenic
offerinns to the {nstituticn in Table 1T, concluded that salaty costs
comprised at least eiphty percent of total cxrenditures amoni all atadentc
departrnents studied, and fn some depattmrents reprosented ene hundred per-
cent of total expenditures, See Peter A, Fhiln, et. al., University
Cost Structure _and Behavier, (Graduate School of Tusinens Adwinictration
and Depattrment of Econonles, Tulane Unfveesitv, ‘lew Orleans. 1967), p. 106.

6A compuiter propran has been written which prints five year projections
of enrollments in hish-density core coutses. These projections can be made
available within fiftecn davs of the openiny of a aiven scnester and,
given estimates of future enrollments, course repiastrations for the
equivalent tern over the next five yesrs are projected. The progtam
utilized the exponential smoothins technique. See, ilarvin Gould, "Gore
Cutriculumn Demand Fstination for \lest Virginia University,” (unpubiished
1MBA theais, Collese of Comnerce, ''est Vir~inia University, iferpantown, 1967).

Tthe sisntficance of an institution's goals to ftae cost performance
has been well-stated in a recent study., "~ Diffcrent ponls with respect
to different univeraities or different pronrans within universities nay
be reflected in sicaificant cost variances letiveen institutions. Si:nd-
ficantly hipher uait costs in ome institutien than {n another may merely
reflect a policy decision to play more for a particular tactor of pro-
duction than for another, posgibly in the hope of acquiring greater
‘quality' {n that factor.’ Ffwmin, et. al., op. cit., p. 26.
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8puncan Batley, Paul llamelman, Charles Schotta, "Optimum A)loca-
tion of University Spaces," Qccasional Paper §247-A, (Collen: of Busi-
ness, Blacksburg, 1969) (mimeo), VP

Ipaul V!, lamelman, ' A Cost/Lffectivencss Appreach to a University
Planning Problem,'" The Bulletin, Opcratfons Resvarch Socliety of America,
Spring 1967.

101egt virninia Camittee on Hinher Education. !iigher Education in
Hest Virptnia -- A Self Assessnent, (State of Nest Virptnia, Charlestoun,
October 31, 1966).

Npennis R, Leylen and Vance Q. Alvis, ‘Fiscal laperatives in 1975,"
{lest Virginla University, Burcau of Business Rescarch, iorgantown,
1968), p. 26.

14)est Virginia Cormissfon on lif~her Education, A Denmogpraphic
Study for ilest Virginia lti~ler Lducation,” Part Il FProjections,
(Cormissfon on tligher Fducation, Charleston, 1967), p. 16.

13Conpateble public costs per collene praduate aong other states
are not generally available. However, In California the cost differences
between finstitutions in the Uaiversity of Californfa and the Public
Colleges Is the opposite of the t'est Virpinia experience., It costs
the State of California $9,210 in subsidy per sraduate among the
universities; §$7,780 per graduate for the four-year state <ollenes.
See tlerner Z. liirsch, "The 3Judeet as on Instrurment for ifedium- and
Long~Range Planniny and Prograrnming in Lducation,' (OECD, Direstorate
for Scientific Affaire, Paris, 1968) (mireo).

lésybcormittees on Yiirher dication A Study of State Institutions
of Higher Education in Yest Virpinia,' (State of 'lest 7irpinia, Charles-
ton, 1968), p. 38,

15Sone insicht into the cffect admission requirements have on
student survival rates is found Ly comparins tesident sturdent perfor-
mance with non-resident students in the sane colleses. The public
c¢olleges followr an open door adnisston policy in re~ard to Vest Vir-
ginfa applicants; a hirh school praduate nced only be in the upper
three-fourths of his nraduating class for arceptance. HNon-restdent
entollment in the ataste colleres 18, Ly State policy, restricted to
not more than twenty percent of total enrollrent therefore, the
enlletes ate rore selective fn adnittins nen-realdent applicants.
One consequence of the dual admVasion standard §g the sipnificantly
greater ahility of out-of-State students to survive praduation from
Hest Virninia collenes than tesldents of the State., This characteris-
tic is a consiatent one in each public <ollere. 1Vest Virpinia Com-
nissfion of Nischer Education, op. cit., p. 16.

1635cques Barzun, The American University, (Mlatper and Row, New
York, 1968), p. 114.
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EDUCATIONAL RESOURCE MANACEMENT

Witlfam Curtis

The presentations which I will be making this morafing will Le divided
jnto two sectlons, In the first one 1 will deal vwith »lanning, programming,
Ladget fng, evaluation, system deslgn as a new approach to decisfon making
in cducatfon. As a part of this first presentatfon 1 will {deatify some
of the problems and the more promising practices thus far developed, Finally,
I will attempt to set the stape for the sccond presentation which will be
fltustrated. The sccond presentation will deal with a conceptual desien
for the application of this concept to education as we see it today, |
would call your attentfon to the fact that some of the materials in your
hands relate to many of the things 1T will bhe saylug this moraing and
are covered falrly well in the document.! 1 will try to relate to that
document wherever possible.

I think that perhaps | ought to take just a few minutes to explain the
background of the project with which 1 am connected, It was the presidentfal
mandate of 1965 which called for the application of the PPBLS principle to
all segments of the federal povernment, Thils mandate called for the develop-
ment and implementation of this concept within the framework of the various
departrents at the carliest possible moment, From this mandate and from
a developing fnterest on the part of the Congress, which has now sptilled
over fato the leglslaturcs, the governors, and by and larpe cur constituency,
we find great pressurce bhelng grought to bear to apply thils concept to the

world of cducation at the state and local Jevels, Az a result af this
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fnfluence, about threce years ago the U, S, Office of Education indicated
that it would cunsider proposals which would deal with the application
of thts concepc to state and local levels of education. As 1 understand
the history of the submission of the proposals, sixteen were submitted.
None proved to he entirely satisfactory to he U, §, 0, E, but the two
whtich seemed to be most satisfactory and which hatd considerable potential,
fa thetr judgement, were the ones submltted by the Dade County Public
School System of Flortda which fncludes Miamt, and by the Research
Corporatfon of the ASBO., Conscquently representatives of the two
groups were called to Washington and it was sugpested that their proposals
be re-written and that the two groups, namely Dade County and the Resecarch
Corporation, join {n partnership in o proposal. About two years ago
agreement was reached on a jolnt proposal {nvolving the two groups, and
it was funded in the spring of 1968 and work was bepun the sumner ot 1968,
The baste respensibilities of the Rescarch Corporatlon of ASBO are
threefold, Flrst, we have the Job of surveving and analyainp {nformation on
program budpeting activities across the aatfon, Second, and probably most
important, we are responsible for the development of a conceptual design
for planning, programming, budgeting, and evaluation, for local school
systems, We have the tesponsibility, prior to June 30, 1971, to present
a conceptual design which hopefully will be applicable to the local school
disteicts of the Unfted States. We have a third charge which {s also very
Important: the dissemlnatfon and publication of project results across the
natlon, facluding state and local levels, Dade County, eour partner, has two
basie responsibilittes:s (1) the development of an evaluation destpn for
planning, programming, budpd tlng, cvaluatiea, for the Pade County school

aystem, and (2) the i{mplementatton of the system once 1t has heen developed,

—— —— — Sy - ] ]

* —— S— vy

ey ol

| S

=4



E

O

RIC

233

We have, 1 think, made constderable propress in the stwdy of what
{s happening across the comntry and {n my Inftial presentation thes
morning 1 shall try to share with you some ol these happenings, both
good and bad, and give you some fdea of where we stand, We do have
the basic schiematics for the conceptual design and these schematics will
be presented to vou o the second sesston this morning,  Because our
vear of dissemination and review hias now been completed, [t 18 golug to
be possible for me to share with you, as 1 "walk" yvou through the design
this morning, the arcas in which people in the field feel that we should
make changes In the basfc schematics,

I thought that before 1 dealt with some of the problers, it might be
well to amplify some of the factors tending to hring some phase of this
concept into the [ield of educatton, 1 am going ta assume that there is a
rcazonable depree of sophistication as far as the 'PHBLS concept is concerned.
Therefore, | am not going to spend time on histerieal backpround. TNon Levine,
one of our research assoctates, has prepared a speech which does deal with the
historical aspect of I'PBS {n some depth and a copv of his speech has been
given to vou.

I have tdentifica a few factors which 1 though would be worth rentioning,
factors which tend to bring some phase of this concept into education, 1
begin with what 1 call the curreat flnanctal crisis, as It relates te public
schools and coupled with tt, the derand for better long-range planning and
to glve greater constderatlon to the manner In which we identify and handle
ot resources,

The second factor fs the groafog volee ot the public which is demandling
improverent and chanpe tn the budget makling process, T would make the

ohservatlon that in spite of the known Inteprity of educators, as well as
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thefr competency tn husiness affairs, the present system under which we are
aperating makes tt difficult to convince the public that schools are being
run with reasonable effectiveness, 1 am talking about what yo1 and I

lhave known now for some years as the line-item, function-objcct approach

as we have developed and presentud our budpets to the public,  This approach
has served well over o good many years, but it has hecome fnadequate and

as more resources are heing allocated to cducation, the public is demanding
a more thorough accounting of expenditure procedures and I think the public
feels that some phase of this PPBES concept may be the answer.

A third factor, one which is very real to all of us, is the rapidly
changing pattern in the rclatfonship between local, state and federal financial
support. I do not need to review with vou in depth, the rapid change which
took place right after World War 11, You know that state support increased
rapidly and has continucd to fucrcase. Now in the last decade, and especially
the last five ycars, we have seon the growing Involvement of the federal
government. As more state and federal money has been put into education,
we have found a greater demand on the part of the lepislators and the Congress
for more accountability and again, because evaluation and planning are
integtal parts of the concept, they feel that perhaps the application of
PPBES represents a solution to the problem,

A fourth factor is the existing serfous Inequities in the financtal
support of the public schools, 1 remind you of the rapid transfer of
the high degree of affluency which prevatled in the citlcs a few decades
age, to suburbla, Related to this transfer are the great problems we
find in the clties, the crlses tiwe cltics are facing and the comparatively
amall amount of atd which the cities are being given in relatfon to thelr

needs. 1 would also note as part of this problem of fnequities the tre-
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mendous imbalance in resources state by state, whifch {n themselves have
created very serious inequities in educational opportunities in this country.

There are many other factors which could be listed, but I thought 1
would give three or four just to indicate why some of these pressures seem
to be prowing.

For the next few pfautes 1 wlll continue to reflect the vepative side
because 1 would like to share with vou some of the major problems which are
being encountercd structurewise, especially when we try to lay the founda-
tion to apply this concept to the field of cducation. 1 can't begin to
tell you how complex this assipnment has turned out to be, and part of the
complexity, 1 am sure vou realize, Is duc to the fact that we are dealing
with human belogs and not {naimate oblects, As a result, we are having
some problems, esprcially fu getting a prasp on the eviluative aspect,
Incidently, these problems | have tisted for presentation to you are not
necessatily An order of Importance or Impact.,

The first problem deals with the matter of what some people call
program budgetfng, You will note in the bibifography that some of the
titles are under the heading of program budgetinp. 0Others nse the total
monograph, (Some people call PPBES an acronym, but 1 think technicallv
tt s a monograph.) Thus far we find that a great deal is being done in
the name of program budgeting as such, but 1i{ttle in the truc PPBES
anproach, 1 shall be very deltberate this rornfng in trving to differentiate
between program budgeting as we see ft and the appllcation of the planning,
prograsming, budgeting, cvaluatfon, system deslign,

We find bastcally that planning aod programming, or prograr planning,
whichever you chovse, and cvaluatfon are beinp neplected, Frobably there

are pood reasons why they are heing neglected. Although vou and 1 as
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educators have done considerable planning in the past {t would appear as
though we have never done a total job in planning especfally with that part
which deals with sound, long-range planning and which involves all segments
of our operation. It would appear as though we lhave not always developed
our plans and our programs based upon our fundamental needs and problems.

In other words, we have accepted proprams §n our school systems because {t
lras been traditional to do so, but too often we have not gone back to take

a good hard look at our needs and problems before we have completed our
plans and before we lhave developed our programs. Consequently, we find

that the school districts which claim to have applied the PPBES concept,
thus far have merely taken their existing operations and translated existing
programs {nto what {s known as a program budeet, There has heen no basic
planning there has been no study of necds and prohlemsy there has been no
change in the programs as a result of these efforts; and furthermore, there
has been no real nlan to evaluate the accomplishments in terms of establisied
objectives,

1 think you will be interested in three surveys which we conducted a
1ittle over a year ago, First of all, we conducted one to try to determine
how much is being done in this particular field. Out of 3000 questionnaires
whitch were sent to the ASB(O membership we recelved approximately 1700
completed retutns, We studied these very carefully, and we found about
100 school distrlcts across the country, which in our judgment, scemed
te be applying some phase of the PPBES concept, Wr then prepared a mote
comprehensive survey and sent {t to the 1007 achionl districts, We were
trying to determine whether these aschool districts had actually appllied
this concept in total, After we had reviewed the rcturns of the second
questionnaite, we selected 23 districts which still seemed to w3 to have

applied some phase of It, Thea we investipated these 21 districts more
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carefully, and when the work was completed, we found that not one single
district in the U, S§., as far as we can deternine, has actually designed,
developed, and implemented a complete PPBES system,

Now, please do not quote me as saying that nothing has happened,
Much has been done, much experimentation (s going on in many districls,
We think we know most of them and we feel that pood wark {s belnp doue,
There are segments of the approach belng applicd (n many individual dls-
tricts. But this business fs so complex that {t (s rofng to take scheol
districts many years, In our opinion, to desiym, develop, and implement
this concept., Agafn, mucl {s bheing done fn propram budpeting and several
districts are now beginning to approach the tetal concept. ‘there.are
manv hopeful signs on the lorizon, but this matter of planning and reiating
proegrams to planning and the evaluative aspect sttt present major problems,

The =second problen, and one which U hope will strike a very respansive
chord, particularly with the currfculum pecple in tae andfence, Is keeping
the focus on the learner and what takes place in the classrcom and the
{mportance of keeping the instructional process in the forefront in the
development of the design. 1his comment causes me to make another observa-
tion, Too many persons, in our opinlon, are looking upon this concept
as a new budgetary proccdure and too much caphasfs {3 on the budpet, Bud-
peting is an integrap pert; budpetine {s a component of the total concept:
but in our opinion budpeting {s not necessarilv one of the most fmportant
components,  Fundamental planning, fundamental programmine, and evaluating
are much more fmportant,

The curriculum people. thoese concerned with the tnstructfonal process,
in our Judgement, should have kev positions of leadership ta the deslgn,

development, and implementation of this new approach to Ithe decision-
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making process, 1 can't begin to tell you how many persons have said to
me, "I should have no trouble applying this concept because my major field
is finance,"” or who have saild, '"We are specialists in computerization

and we know this concept involves computer applications so it shouldn't be
too difficult for us," Nothing could be further from the truth, It is
true that the computer ultimately will be of great value in helping us

to expedite the implementation, 'The computer represents a tool hut not

an integral part of the overall concept,

The third problem, and a very critlcal one, is the pressure to bring
forth the PPBES design now and not two or three years hence; to release
information prior to the time when concensus has been tcached on the major
issues and cevelopmental process: to produce pat answers on all segments of
the process and in cother words to produce the so-called 'black box" or a
"cookbook." Such 1s not our assignment, Our responsibility is to develop
a conceptual design from which the school officials of this country can
begin to design and develop and implement the process within their own
districts. 1In our document we will try to give examples of "how to," but
we refuse by virtue of our contract, and also by virtue of our philosophy,
to bring forth the "cookbook." We feel to do so would he the preatest
mistake we could make as we begin to lay the foundation for the application
of this concept to education,

There are many misunderstandings as to what this concept will do and
as has often been sald, a little knowledge is a dangerous thing, Mu-t
our constituency outside of education has read about IPBLES and has 1.
onto it as something pretty special, Many persons seem to think thar
approach will prepare a pathway to cheaper proc. dures in the world o!

education. 1t will not, Hopefully it will help us ta take a harde:
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at ous needs and problems, Hopefully it will make it possible for us to
identify and do a better job of allocating our resources and hopefully it
will bring about a better means of accountability, but {t will not as yet
present a cheaper approach, We have been quite certain of this point right
from the beginning of our efforts., Rowever, because so many persons in our
constituency, outside of education eapecially, have read about this new
approach and because they think it fs the panacca, the pressure is on to bring
forth this design now and apply tt. 1 have had several calls from persons,
especially at the state level, and some of tliem have called almost in panic,
For example, one person referred te a call from a governor's office, another
from the chairman of a legislative council and in each call they said they
felt this concept is fine, and why not go ahead and apply it immediately.
One man safd he received a call on February 1, and was piven two months to
4esign, develop and put a program into operation in his state. This man
said all he needed from me were all the reasons why he could not meet this
request, The job just cannot be cone in so little time, Tt is a matter of
three to five years in our opinion, and maybe more. But the pressure is
on, and {t is pretty difficult sometimes to resist the pressures, | can't
begin to tell you how many tlmes I have been asked to arrange for duplication
of the slides which you will see very shortly. People wish to take them and
use them, even though we have told them we are poing to make some drastic
changes in them in the next 30 days., They scill want them as they are because
the pressure is on them to produce {mmedlately.

The fourth problem is the failure stil1l, on the part of so many
leaders In the field of cducation to realize and accept what s taking
place. Auv present it would appear that there is more reticence on the

part of the chicf administrators, both at the state and lecal lovels,
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rather than on the part of thé school business officials., There is appre-
hension, but this apprehension is probably due to a lack of understanding

of the concept. I am glad to say this picture is changing; changing as a
result of dissemination efforts on the part of several groups including

ours, but there {s still a lack eof understanding in our country, Our
constituency outside the world of education, at the moment, in many instances,
is in the vanguard,

There also seems to be a fear on the part of some educators, that
this new process will unveil toc many weaknesses in their administrative
patterns and I expect this situation may prevail, It will bring out weak-
nesses) {t is bound to do so, just by the very nature of it, However, 1
submit to you that any administrator of stature certainly should be willing
to accept these weaknesses as they are identified and do something about
them and a3 a result butld a better system,

Number five, very simply, is the problem of just plain evervday
resistance to change. 1In other words, we have done it this way before, it
has worked pretty well and so why bother us with this complex business,
Such an attitude may be acceptavle for some persons, but I do not think
our constituency is going to allow us tc rest. I think we will be
asked to applv some phase of this concept to the decision~making processes
in the very near future,

Number six, which t'm glad to report is diminishing rather rapidly,
but which for a while has been a problem, is the ltack of coordinat{on bctween
various projects across the nation. USOE policy does not call for tight
coordination of effort on projects of this type, primarily, as I understand

it, because the Congress is always afraid of being accused of federal

domination, However, the project directors across the country have gpotten
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togetler informally and there is a much greater sharing of information. T
am delighted to tell you that the cooperatfon between project directors
has been very good and it continues to improve,

The seventh problem is the one which 1 have called an almost involvable
problem. 1t is the problem of satisfying each of the 50 states, In sup-
port of my listing of this particular problem, | offer the lollowing
thoughts , 1 would remind vou, for example, of the variance in the state
laws and the reporting processes, Also | would remind you of the great
variance in state SupportjprOgrnmS and state formulas, T call your
attention to the varying degrees of fiscal independence and fiscal dependence
and the varying size and characteristics of the different school districts
along with their wide range of educational necds and problems. When
you put all of these variables together and you think about the assign-
ment of developing a single conceptual design that will be applicable to
meet all of these requirements, you can understand why 1 might wish to
just leave the project, Illowever, we still have a commitment; but égain
as a reminder, it is to be a conceptual design and not a "black box."

There has to be a high degrece of flexibility in this design so that we can
maintain the fundamental rights of the individual states and reasonable
autonomy of the local districts,

For the rest of the presentation I will try to be more on the positive
side. Let me recall just a few of the more promising happenings and also
a few of the arcas of consensus to date, Communication and coordination
among the project directors; communication between states; communication
hetween the pilots districts, our partners and other districts which are
working on this concept gets better all the time, Such §s atl to the good

because we need to share this Informatton fully.,, Writing, rescarch, and
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study {s on the {ncrease and each month as I read new articles and talk to
the people {nvolved fa rescarch (a number of men are doing their doctoral
studies in this field and we are cooperating with them), I find there are
increasing signs of greater responsibility in reporting development,
(Incidentally, I should tell you that this design itself represents the basic
efforts of a doctoral study on the part of John Gott at Washington State
University.)
There are signe of increased support and interest in all sepments of
government. I think you will see how much emphasis is being given by the
USOE and the office under which we operate, the Natlonal Center for Research
at the Elementary and Secondary levels; when T tell you that thus far,
ours is one of the very few projects funded for 1970. Such will indicate
the importance the government is placing on the appltication of this concept,
We are getting much better support from the professional organizations
and from the institutions of higher learning and at this point T will make
this observation. I think that for the in-service programs needed, the
institutions of higher learning are going to have to accept prime responsibility,
Finally, we are getting better support from influencial segments of
the public which are trying to understand what this concept is all about. Hope-
fully, they are golng to give us some time to get the design developed properly,
We are finding that there is more recognition on tlhe part of adminis-
tration and boards of education that this new approach requires the involve-
ment of many more persons in the planning, developmental and decision-
making process. No longer {s management of education a unilateral process.
The application of PPBES concept cills for bhroad involvement at all levels

well beyond the central office.
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As far as consensus 1s concerned, we have an agreement on a joint
rationale, we have consensus and support for the design itself. UWhen
it has been developed we have agreement that it rnust be very flesible and
suitable for small, medium and large districts. We have consensus that
there is a great need to indoctrinate everyone in the Importance of reaching
agreement on basic goals and objectives to be achieved initially, coupled
with long-range planning. These points are fundamental te the application
of thie concept. You and I know that for too many years we have operated
on the single year approach in our own allocation of resources. Also any
additional resources nliocated to us usually have been on a percentage basis
and on the basis of political expediency.

We have consensus that the conceptual design must reflect a pupil
centered character with emphasis on the learning process and as you look
at the design with me later on, I hope you will note whether we have cap-
tured these points of long-range planning. multi-vear anproach, focus on
the learner and what happened to him in the learning process.

We have consensus that evéluation as it relates to the degree to wiiich
the objectives have been attained will continue to be our most knotty pro-
blem. However ( and this {s very important to you people who are specialists
in evaluation), we are in agreement thus far that not evervthing can be
quantified and that there will still be a rathier high degree of subjective
measurement as compared to valid accepted objective measurements., Now,
please do not leave here and quote me as saying that we are going to
do away with objective measurement procedures. Of course, having established
baslc objectives and enabling objectives as part of this concept, wherever
we can measure such by valid, accepted instruments, then certainly we support

this practice. But we do also recognize that sublective judgements are
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going to be very important in the evaluative process, Therefore, in the
design we have tried to point out that evaluation 18 a two-way street,
subjective as well as objective in nature,

In conclusion 1 would like to share with you a few fundamental points
and principles which we feel must be considered in the developmental
process, Again I shall be rather deliberate in presenting these to you
because I wish to imprint them in your mind and then later on, have you
look to see whether we have captured the application of these points in
our schema,

First I would emphasize tc you the importance of building initially
from resources, and encouraging the staff and others to think in terms of
resources as people, materials, environment, time, values, with dollars as
a means of procuring these resources. I'm afraid that too often we think of
resources as dollars only, and I'm afraid that down through the years we
probably have neglected too often, the effective application of our most
valuable resource, people, Obviously dollars have to be considered, However
the point I am trying to make is the consideration of resources in the
braodest possible sense. At this point I must emphasize the very important
part which administration must play in the identification and effective
utilization of resources and encouraging others to do the same,

There seems to be a consensus that the design itself should lead from
an examination of resources to the development of and the determination of the
relationships between objectives, programs, processes, and evaluative pro-
cedures. There seems to be an every increasing neced for stronger and more
effective leadership at all levels in the planning programming process, This
process will include not only the identification and acceptance of major
objectives, programs and processes, but also sub-programs, sub-objectives and

alternatives available to all involved in the decision-making process.
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In summary, | have talked about long-range planning, about the ldenti-
ficatfon and allocation of resources, the establishment of objectives, the
establishment of sub-objectives, the development of proprams and subeprograms
and the accountability factor all as part of the applicatfon of this concept.
In re-cmphasizing these polats again | am trying to get away from the
straght program hudgetivg aspeet. There {s much more to the process than
Just applying a budget to existing proprams,

There seems to be agreement that this modern approach to the develop-
ment of an educational resources {nstrunent must have as its foeal polnt
the instractional process and what happens to voungsters, llere apain there
is an Lmplicatlon that andministration at all levels has a prime respon-
sibllity for professional leadership, It must be remembered that PPBES
represents a management system and not Just a budgeting system alone,

It is a management system and we are moving even now toward discontinuing
the use of the monograph of PPBES and moving into the Educational Resources
Management Design concept., It will involve details. Tt will involve

the sifting of informatifon and the consideration of options for effective
use of resources and cvaluation., Alternatives is the name of the game,
PPBES or ERMD offers a means of organlzing this information in an orderly
fashion. This statement causes me to stop agaln and remind yvou that |
know you have been dolng some of these things in vour school sys tem,
There has been some planning; there has been some programming; there has
been some evaluating, But have all efforts been eorpanlzed into a totn]
system which begins with a hard look at vour neceds and problems and

Involves long-ringe planning, development of snitable programs rvelated
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to this rlanning and these needs and problems, resource allocation
according to a plan, and evaluation to introduce the accountability
factor, 1t is a total system we are talking abou.. Tt offers an
opportunity to move the decision-making process down the ladder in
varying degrees of responsibility,

You will have an opportunity to see a series of schematics
which {llustrate the Research Corporation of ASBO's REducational
Resource Management Design as developed to date, As you view this
design, I would like to solicit your opinions as to whether you
feel our initial effort has encompassed the previously mentioned
concepts, As I indicated to you ecarlier, because we have completed
the dissemination and feddback process for the readiness year of
1968, I will be able to share with you in the next presentation the
compilation of feedback which came to us concerning the written
document which we must not prepar: and are in the process of

preparing, in support of the schema {itself.
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This is the introduction to the counceptual desiyn as we have put it
together to date. 1t applies the PPBS concept to the field of education.

1 have given you quite a bit of background fov this presentation, so 1 am
poing to move right into the desipgn itself. As 1 told you, it is our

charge at the end of the project to present to the U, S. 0Office of Education
a conceptual desipn. What von will see here today is the skeleton of this
desipn as we sce 1t now.,

Chapter 2 of the first section of the document (s 957 completed,

This morning [ mentioned the name of .Joha Gott, who is a graduate student

at Washington State University. MUe has developed his dissertation around
this idea, and I wish to make certain that he gets a large share of the
credit for the development of this design. He has had the help of the team,
and we have all worked with him; but he has been the prime mover. Coples

of Chapter 2 have been turned over to the other writers, We have taken
Chapters 3, 4., 5, and 6 aund built those around the major processes,

Pr. Bliss is respousible for the leadership on Chaprer 4, Programming, as
well as having responsibility as a consultant. But as he would be the firvst
to tell you, he is not operating alone. Programming is part of the whole
picture and the writers must coordinate their efforts,

Let me go back for a moment to Chapter 1. You will remember this
morning I emphasized change to you and 1 emphasized environment and the
School's responsibility to the society to which it serves. So we have
entitled the first chapter "Socfetv's Expectations” because it represents
a look ahead. Chapter 7 deals with necessary organizat ion and reorganization
within a school district, as well as (n-service educat fonal programs.,

Chapter 8 deals with Interstate and Intrastate problems. Chapter 9 deals
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with Impllcations for the future, 1 won't take time to tell you about the
other writers unless, after the discussion, you are interested in knowing
who the other writers are. I can assure you that we have put together an
outstanding team because we have been able to persuade some of the outstanding
leaders in the country to participate {n the development of this document.

As you look at the screens this afternoon just remember that what you
are seeing is the backbone of Chapter 2 which is being developed in depth
along with Chapters 3, 4, 5 and 6, ‘There is a complete interrelationship
between all of them, Section 1 is the backbone of the document. We hope
that it will be written in such a manner that you people as school superin-
tendents and your board members and your teachers can take this document
and find 1t readable, not too highly technical, and from it we hope you can
glean the guidelines for applying this concept for your particular district,
Because there has been consfderahble preasure on us and T think riphtfully
so to do something more from the standpoint of the "how-to' approach, we
have added a second section to this document which will deal with the
"how to." Just recently we have contracted with a firm of specialists in
the field of systems analysis. This firm has reviewed our design and the
firn members feel that they can do a job for us, Therefore they are going to
take our design and with the help of onc of our rescarch associates who 1is
a speclalist in systems analysis himself, they are going to, in his words,
'put some meat on the bhones." They are going to take this conceptual design
as we have developed it and expand Lt on the basls of resources analysis
and overall systems analysis.

In addition, we think we would be remiss in our document {(f we did not
say something about the area of PERT, MIS and simllar techiniques which are
comparatively new to the field of education and which will have a relation-

ship to our desigu.
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T told you carller that we have a partner in bade County. Dade County
will give us a certadn amount of feedback tn the torm of reconmendations,
especially as they might relate to the program structure as well as per-
formance, We have seven pilot districts as well as Dade County which have
been in the process of testing varfous sepments of the desipn, We expect
that they, along with bade County, will pive us very complete case studies,
These studies should not place constralnts upon yoa as school adninistrators
but hopefully will give you guidelines and [dcas {or the application of the
design to your school district.

Thos of you who are experts in the ficld of schoal finance, and,of
course, all of you as school administrators, arc familiar with the handbook
series of the U. S. Office of Education. 1 assume that all of you are aware
of the fact that Handbook 11 1s now in the process of beinp revised. It
will be completely revised by June 30th of this vear and will be distributed
in rough draft form for consideration by selected school adminfstrators
during the next school year, From the begpinning [t was apparent to us as
it was to the U, S, 0fffce of Educatton and the lHandbook 11 contractors that
there must be complete compatibility hetween what we are doing and what the
contractors are doing in revising Handbook I1I., 1 can assurc you that we
have had fine cooperation from the U. §. Office of FEducation and the con
tractors. Evan as late as last week, I met with the national committce.

We reviewed the handbook especially as it might have compatibility with our
design. 1n the time allotted to me taday T will try to show you, part way
through the desipn, liow the cross walk between our desten and the handbook
will be accomplished, | will try to show you In capsale form how the

theoretf 2l wlll be translated to the practical.
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There will be one other segment of the second section which wil
with the matter of attribution. However, this issuc is so far in the
that I hesitate to say anything more about {t. Also, we have develc:
new glossary fn relation to the design ftself. We are trying to keep
definitfons comparatively simple.
I am now going to walk you through the design step by step. Be
you have quite a bit of reading to do, T will be rather deliberate.
The question has been raised as to why we place a developmental ¢
on something which s within the public domain. The answer {s comparatively
simple. This fs a U, S, 0ffice of Hducation project. The Ut. S, Offfice, of

vourse, wonid be expected to have prior rights to ft, and {t is their rec-

cemmendatfon that we cover it with a developmental copyright. And, of course,

the Research Corporatlion of ASBO has o special interest in this document
and feels that {t wants its rights to be protected.

There is another reason. The demand i{s so great for this natfonal
design, whether {t be ours or someone else's that a great many persons who
wish to serve as consultants who would li{ke to have it in advance. There
are many school districts wifeh would 1ike to have ft in advance. We think
this would be a mistake because ft {3 still subject to revisfon, and we
are still petting test results from our pilots and there are still some
revisions to be made. We (ee] that to distribute 1t now on a widespread
basis would be poor judgment.

1 fndicated to you this morning that we had declded to chanpe the
title. 1 will take just a moment to pive you the ratlonale behind the title
as we see ft. We felt that hecauge this design will be influentfal in the
field of education we should call it "tducational Resource Management."

Because it affords ptoper ldentificatfon and allocation of resources which
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are 90 {mportant. we felt that these should be included in the title also.
1t is management technique and hence the intrnduction of the word management
fn the title also. We may drop the word design from the title ultimately.

Some of vou know Dr, Steven Knesevich, the Assecfate Sccervetary of AASA.
tic {s one of the speciallsts (o this fleld. e told me receatly that at this
vear's Naocfonal Acadeny Clinles PPBES has proved to be the number oane topic
along with teacher evaluation and pencral evatluation. 1 mention Steve's
name particularly because he feels the title of this concept should be
RADS. 1In his new book he talks about Resource Allocation Pecision Systems
(RADS) . Rogardlcss. we are petting away from a title that tonds to deal
with fnanimatc objects and suggests that we are dealing with human beings.

Slide.® From the beginntog ve declded that perhaps theve ought to
be certain assunptlons called to vour attentien., 1 have set the stape
for walking vou through the design at various levels,  As you read it. 1
would remind vou of something | osatd this morning.  More and more as you
gt {nvolvement from your staff and your censtitucncies vour proprams will
expand. As a result of greater involverent vour resources will never cqual
vour demand and conscquently you have the stage sct for the study of
priorities.

Slide. Those of you who are familiar with the PPBS concept will
remember at the top level vou will deal with three processes! 1Inputs,
processes, and outputs. For the next tew noments 1 will be talking to vou
at that level and the appltcation of these processes to the Tield of educa-
tfon. You =2il] note that almast fnredfotely we enphiasize the Tearner,

Slide. Obfeetives of the achool system, Onee agatn we are introduclng
a few of the phrases vhich 1 talked about this potnine:t  the natter of

strategy, proftam strategy, matter of effectiveness and the question of

alternatives., [ repeat, alternatives {{ the name of the pame.
Q #*ihe diagrams in the slide preseatation will be rade available at a later

by RC-ASBO, ?E“{
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Siide, Productivity of a school system, 1 will stop at this point
for Just a moment and call your attention to a phrase in the middie of the
assumption. It deals with the organfzation of learning activities and
support services., You will see later that we define a program as a con-
flguration of learning activities and supporting services., 1f you will
{mprint this point in vour mind as we move through the design {t will be
helpful because we will be referring to it time and apain,

Slide. An important point to emphasize is the matter of long term
planning and that the grecatest benefits result when the costs are considered
on a multi{yecar basis,

Slide., Final assumption. OUnce again this particular assumption
attenpts to put together In capsule form that top level of the PPRS concept
which facludes {nputs, resource allocation, process, outputs ar outcomes-=
the relationship between cutcomes and the objectives which you have established
for yourself.

Slide. You will remember in the repetitfon part of my presentation this

morning 1 was talking about resource management and some of the definftions,
In one instance, ! referred to the environment of which the school is a part.
You will remember that I made reference to the school and its responsibility
to the society which it serves,

At this polnt in the design we are trying to establish a rela tionship
between the school and society. And so we have placed the sclheol as an
tutepral part of socfety, We felt {n the oripinal diagram we should show
that it s a strong part of society which {t scrves,

We derive these inputs from the anclety. Id:ntified on the right hand
screen some of these inputs (resources). Agafn let me remind you that
dollars are the means of secvring these resources, If you, for example, choose
to place dollars a8 a resource also, certainly this {s your decision,

Q
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These rescurces are turned over to you and to me as educational
administrators and it fs ocur responsibility to use tiiese resources effectively.
From these processes we have the outputs which are represented in terms of
specific growth on the part of the learners, 1 would call your attention to
the right hand screen and the last item--attitudes. This causes me to remind
you that there should be not only objective measurements but atso some sub-
jective measurcements as well,

Slide. There ts a reason for the colors, If you wonld cement those
in your mind's eve {1t would be helpful because as we move thiouph the desipn
we will set forth a4 serfes of proup codings.  You will potice that even
though we have changed the name of the deslgn, we have not set aside budeeting.
Last fall the leadership sald to us, o your original dlagram yon have not
adequately shown that this concept {s an on<golng process nor have yon
reflected the re-cycling fdca as strongly as you might have done. You neced
to enmphasize planning as well. So in the new diagram instead of the pie-
shaped one some of you may have seen, we have developed a new serles of
fllustrations. 1 call your attention to the double arrows. Thesc reflect
an on-golng process and each component {s an integral part of the whole.

At the sare time ve-cycling i{s emphasized alse. As you will note, all are
built around decisfon making because the design represents a new approach
to the decisfon making process.

Slide. Definition of Plarnfug. Now to set the stape for the next
level, We will be walking through the activities and events of each of
the components. | will give vou just a moment to read cach of the defint-

tions that we have on the screen. Again, | emphasize that chanpe {s eone

of the most Important words to conafder in this desipn.
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Slide. Definftion of Programming. tHere 1 am repeating what 1 said
a fow minutes apo that a propram represents a configuration of {nterrclated
learning activities. We have introduced a new statement at this point
when we are talking about an enabling objective. 1n this design we will be
dealing with overall goals, general objectives and enabling objectives.

Sltde. Definftion of Budgeting. Adnittedly the wvext definftion is
a little bLit complex. We decided to get all of the points into it so 1
will give you a longer perfod of time to read f{t.

Petiiaps more {mportant than anything that is said in the definition
on budgeting is the fact that prior to this point in the design we have
dealt with planning; we have dealt with the consfderation of alternate
strategies; we have dealt with programs fnvolving hoth learning activities
and supporting services; and we have dealt with the fdenti(ication of
resources and allocation of resources. All of these steps have taken place
before the budget process. [ cannot emphasize this point too much. In
other words, it fdentifieas a new role for the curriculum specfalist, middle
management and certainly for you, in a sense, as chief administrators.

Slide. You will find us introducing this slide time and again pri-
marily to remind you that each of the components of the design are all
interrelated and all of the activities in each component end up as part of
the overall picture.

The next series of slides represent recommendations by the leadership
tast fall. They sald: You need tu include more In the way of detafled
activitics, which in themselves can be expanded upon fn a school district by
your professfonal tcams., What you arc ahout to see now represents the
skeleton of a series of activities which we think vou could follow in

inplementing aprogram in yout school district.
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Slide. First of all, activitfes and their definitions. Activities
ternfnate fn an cevent.  We Introduce a very simple definitlon of the eveat
ftself.

Now we are ready to move into the planning process and its activities,
May I remind you that from this point on we are talking about the strong
relatfonship which exists hetween the school and the society of which (¢t is
a part.

Slide. You suppested that we bepdn not only he fdentifying these activi-
ties, but by trylng to ttlustrate them throuph three dimensfonal models.

The question has been asked of us, "What de you nean by task foree plans?”
For cxample, one of our pilots, which has been operating now for a year and

a half, organized a task force of approxinately 40 persons., About 15 members
of thie task force were members of the professional staff. They had 4 or 5
students on the task force. The rest came from the community at large. The
adninistration and the board tried very hard not to have the task force made
up of persons who always volunteer, It was a rcal effort to have the Lask
force made up of all segments of the community so that the planning effort
would be truly related to the needs and problems of the district,

I do not feel that the task force should be extrenely large, ¥e have
them ranging anywhere from 30-60. 1 think the California project has 14
piler districts and they have {ndicated that their task forces range anywhere
from 25 to 100,

Siide. 1 said this morning that the field has sugpested that we must
consider carly the fdentif{cation of resources and problems so we placed
this as one of the first activitics after 1! ¢ task force 1s formed. You
cannol cstablish goals and objectives until you have taken this first step.
Over here on the right hand & rcen we have ttled lo 11lust-ate this tdea
in a three dinmensional model. The relationship on the left supgests that
262
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it should be considered at all three levels--local, regional and national,
You will note the long term approach.

Slide. I will give you a moment to read these four activities on the
left hand screen and then offer a comment. Please note the words that were
emphasized this morning: goals, priorities, resources, analysis, And over
on the right hand screen in the tliree dimensional model we are suggesting
that analysis is one of the important features of this whole process. More
sophisticated resource analysis will be handled just a little bit later
on in the design, -

Slide. The salient features on the left hand screen of this partfcular
slide: The broad statements of responsibility and such of course refers to
the matter of broad or general objectives, In other words, in the previous
slide we selected broad goals, We can now move into the selection of general
objectives which {8 one step below broad goals. We have covered the {dea of
analysis and selection of broad goals., After we have taken these steps we
are ready to transmit the recommendations from the task force to the board
of education for veview and adoption,

Two points In connection with this particular part of the picture.

Obviously we would not, should not, and could not overlook the responsibility
of the board of education. This leads me to say that all of our pilot
districts and all of the Caltfornia pilots and others across the country have
always had representatives of the board of education of their task forces,
It is most important with all the hard work for overall planning being done
by the task force, to have strong 1ines of communication from the task force
to the board and return, 1n the final analysis the board of education, the
propetly constituted authority, makes the final decisions on the recommenda-
tions which the task force senis to the board for consideration and final

action.
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Slide.  This morning 1 said that re-cycling is important. |1 said
It again this afternoon when [ showed you the basic diagram. 1 indicated
that re-cycling is essential within a component as well as re-cyelini in
the overall process. Why? Because there wil) be change. The needs and
problems will change. The resonrces will ehange.  The capability of the
school svstem will change.  As a resull of these changes there should be
re-cyeling in order to Insure an va-polag process, which s responsive
to the society which the school serves,

sltde.  Agadn this reafnder that even thouyit we have Just walked
through planniny and {ts activities 1t fs still part of the overall pleture,

Slide. We are now ready to take you thiough the next process, that
of programming.  The statement on the right hand screen s merely a reminder
of what we mean by progvamming. “Irograming does consist of a confipuration
of Interrclated learning activities and support services., On the next slide
you will sec the relattonship 1 am sure. One other item l.e., the point
tn the process where the professional staff takes over. 1 am not suspesting
that the professtonal staff does not have a responstbility fn the task force
but 1t assimes a much preater degree of resposibility at this point.

Agaln the question has been raised of us, "What do yon mean by professional
teams?"  Now many should be on a team, what should be the make-up of the tean,
Vur document will give you examples but our document wEkll not tell you as
professionals how vou should put together vour own team. We will try to
establish {deas and guidelines but we think the final determination of this
matter t2 vours and yours alomn,

The senefal objectives having becen estabiishied by vour task force,

are v turned over the programaine teams for further actfon as Filustrated

tn the next few slides,
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Slide. The major point we are suggesting here is that you can usually
determine more than one way to accomplish the general objective. There may
be three or four ways available to you. There may be even more. Agafn--
your decision. The question has been raised of us, "Wi1l you give us
examples of peneral objectives?” The answer is ves. However, we did remove
one slide from the last set last fall in which we had specific examples
because we found that merely by sugpesting terms which might possibly serve
as an example of poals, persons were tond!ng to say that we werce promoting
the Imperatives of Educatfon as malor poals. This morning Dr. Bliss made
sceveral references to the Bloom taxonomy. | expect that now Dr, Bliss will
be the person who will be {dentificd as supporting Bloom's taxonomy as the
basis of overall peoal determination,  So we have purposely teft that slide
out but {n the document we will give examples from the case studles from our
pilots. Thus far one of the best sets of overall poals and general objectives
written by one of the districts (not one of our pflots, by the way) was cne
in which the staff and task force sat down together and determined what they
should be in terms of their own current needs and their problems.

Slide. This s the point at which we {ntroduce this matter of alterna-
tives: The question has been raised of us, "what do vou mean by alternate
propran strategy?”" Yor example, we might take one of the most common ones,
Supposc that your task force has agreed that one of the overall poals of your
community and your school district would be to make your youngsters more
l{terate and much more skilled In communicatlons, Y¥rom these ohjectives,
your professional staff prepares a series of specific objectives or cnabling
objectives for carrying out these gencral objectives, Agaln your staff fs
faced with the problem of how to go about dolng the joh,

Slide. Through these pyramids you can see tlluatrationa of differcnt

numbers of alternatives that might be avatalble within a combination,
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Suppose some sepments of your professional team said we think these objectives
can best be accomplished by reduction of class size. aAnother group ray say
wve thiink our problem is at the carly levels. We need to offer something more
{n the way of preventive services, You may have a group of teachers at the
funfor high level or middle school who say we have voungsters with reading
problems and we aced to correct this by hringing In more remedial teachers,
Then we may have a third gproup which ts looking alicad and say that so much
las been done {n the wvay of new techmolopy that we ought to spend mare moncy
ont sone of the nevwer reading, equipneat or materials, Floallv, theve nay be
another proup whe save we need to compromise and atitize sepments of cach
of cach of these tdeas,  Thus yvou have an example of the constderat{fon of
alternatives,

We have talked about various program strategfes.  You may say that yvou
follow this procedure now, but the cuestion is, do vou do the total joo.
Do vou do ft on the basis of the long term plan, the breoad planning that
we are talklng about, the establislment of long term objectives, and do
vou took at all of the alternatives avatlable to you,

iLbby You will notlee that we have added a sltde on the ripght hand
screen which deals wit halternative stratepy selectfon and analysts.  In
other words, you begin to look at offectiveness. You herln to screen, vou
begin to analyze, You begin to pav attentfon to this (dea of cost cffectlve
analvsfs. You look at the benefits, You lock at some «of the constraints
fn terms of resources available to vou, constralnts in tetms of time, con-
stratnts of polittical attfrudes. i the other hand, the beneflts mav not be
as great {n tcrms of the time and woney vou mist spemd. So you analvze and
solect the optismum progr.am strateey in Vine with vour resources and potentfal

benefits,  We have been ctiticized for using the tern optimum,  We have a
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recommendation that perhaps we ought to use the word preferred, Regpardless,
we take this conflpuration of strategies and pat them together Into the pro-
grams. Programs, as I indicated before are a configuration of learning
activities and support services,

Slide. Again we remind you that re-cycling within the component {tself
ar well as re-cvellag withtn the overall process Is very lwnortant. Again
let me emphasize the very important role that the persons concerned with
fastruct lon and the tearning process play in planning and propramming.
Although vour business off {efals wi1l, to some extent, be Involved in
resource allocation, the responsibility for such now rests primarily with
the instructional staff and not with the business staff.

Slide. Apain the reminder that the definition of budgeting as you saw
ft a fow minutes ago. 1 will give you a minute to read each of the next
few slides as we move along and I will offer only a comment or two on each,
1t has been most interesting to us to note that cach of our pilots and pilots
of other projects, as they have gone about Lhe business of testing our
design, has felt the necd Initlally to examine lts organizational structure.
Fach district has told us that they have had to do some reorganization {n
order to apply the concept.

Slide. Now we have moved into the budgeting process which we are going

to call both budgeting and resource allocation. Your business official and
your business department from now on need to know far more about the
{nstructional processcs than they have cver known before, Related to this
sgamc point, your lastractional peeple mist know far more about the bhusincss
process than previously,

Skide, Nowhere have we sugpested that vou sct asfde the budpct format,

However, we are supgesting that the budpet format of the future will look

far different from the one you have known, 1 can tell you from the revision
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of Handbook 1 that the preseunt budpet format starting with administration
as the 100 catepory, fnstruction 200, ete,, will no lopger be the pattern
in Handbook II. Therefore, in a year or so you would do well to get ready
for an entirely new approach which will be compatible with this design.

Sltde. Again 1 would like to remind you that resource fdentification
and the development of programs and analvsis and application and allocatlon
of resources according to a plan has been alnost completely deternined prior
to the budgetary procedure. Resource allocatfon, although {t takes place at
this level to a dmited extent, has already been decfded for the nost part in
the planntage, programming process.

Stides Apatn T remiod you that we are wol forseltinge the responsibility
of the board of cducation. The hoard of educatfon does have the final
decision sofar as the budpet decument {8 concerned.,

Stide. The questfon has been radscd of us as to why we put that second
statement in the list of activities. 1lhose of vou vho administer fiscally
fndcpendent districts probably do not have to be concerned. However. In
quite a few districts the school board has to answer to an anthority beyond
ftsclf. Because this s true, we felt that this statement should be in there
with the notation "tf required.”

Slide. 1 have no particular comment to make on this slide. 1 think
l have cemphasized enouph the fdea that we will utilize these resources and
support services, all of which will lay the fouadation forthe slides which

vou will sce fn just a moment.

Slide. Again the emphasis is on re-cycling.

—

|

Slide. We have done a preat deal of seul seraching fn our study of
the accommting structure, and we have heen In close commumteation with

the leadership fncluding discussions with hoard menhers. From all of these

people we have tricd to deternine. . Jhow many classifications the constituncy
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really needs. I an not only talking about our boards but our communities
and our statc departments and to some degree the reports we must make to
the U, S, Office of Education. We have decided to stay with the five
classifications but the Handbook II contractors wanted a sixth one 1i.e.,
the fiscal year. We might have to change the next three slides in our
schema in order to be compatible,

Slide. We think that this should take carc of most requirements, If
not, 1t seems appropriate to have boards suggest that certain state laws
should be changed. In the tunctiou classificatlon we have listed the
three {tems we intend to use. The big city districts urged us to stay with
five rather than three. These three are: instructional services, support
services, and supplementary services.

Probably we will split support services two ways: support services--
instructional, and support services--non-instructional. The non-instruc-
tional support services such as transportation, food services, operation
and maintenance, could be taken care of at the next level., Also in this
slide and as an example we have tried to introduce the idea of the computer
usage.

We will probably add one other functfon to bhe compatible with
Nandbook 1I., [t was agreed upon by the national committee last weck that
in the function dimension we should have instructional services, support
scvvices, community services and a fourth which would be called non-funcational
tr ansactions and which would take care of outgoing transfers which are so
of ten misunderstood.

Slide. Having taken you now through that flrst level, T will move you
into the sccond level., At the moment ycu will find that the function of the
instructional services and Lts catepory is completely corpatible with the

handbook revision. 1n other words, these four categories are exactly as they
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will appear Ln Handbook II revision under the function of instructional
services.

For those of you who are taking notes, the subdivision of support
services at this same level probably will be three fold; namely: pupll
personnel services, instructional support and general support. Again,
hopefully this part will be compatible with Handbook I1 (Reviscd).

Slide, This slide represents the third level in the accounting structure.
1 was hesitant to leave this slide in the series because this distribution
was a point of great controversy at the last meeting of the national committee.
It was the feeling that 1f we left this division of classroom teachers,
classroom teaching, and other responsibilities, that we would be placing
constraints upon you people within your own districts. For example, 1if
you wished to support the ldea of the non-graded classroom or you wished
to deal with differentiated staffing within your own school system, for us
to set up subdivisions would be a mistake.

If this level was left open-ended so that you could feed back into the
regular, occupational, special and continuing education dimensions, you
would satisfy your own needs for the most part within the basic processes
of the various services and not have any major problems. I have a feeling
that this third level example will be abandoned and that this level will
be left open~ended, It will be up to us, therefore. in our document to give
you a serles of case studies that show you different types of program
structures and give you examples of implementation. But it will be up to
you to develop your own program structure.

Slide. Now I take you into the final component and this is the one
that will probably be most 61ff1cu1t to implement. 1In this particular
diagram we are trying to suggest that you consider the learner at the point
he is introduceld into the program; that you take a look at the objectives
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which you have established for him and the program you have established
for him, and determine where he s t@ands at the point of beginning. In
other words you will evaluate him both objectively and subjectively, all of
which gives you data, all of which gives you an initial evaluation. The
implication here is that you may have prepared a program for a particular
group of youngsters and initial evaluation shows that some of the youngsters
d> not belong. It {s better to evaluate at the beginning, find out mis-
placement, carly and do something about 1t, Again you are reminded on the
left hand screen that you should establish evaluation plans for learner
activities and support services,

Slide. The picture on the right hand scresn suggests that it ic a

good idea to evaluate part way through a program. In other words, don't

wait until the end of the program to see how well he is doing, whether the
program established for him is satisfactory, and whether adjustment is
needed.

Slide. At the end you take a look at him to see whether the objectives
and the program established for him have been effective and you evaluate in
terms of outcome, You put it all together and yocu have an example of what
the total process looks like. Again just because we have suggésted three
points of evaluation does not mean that you have to stay with three. This
decision is yours. We do think that the idea of both objective and subjective
Judgment 18 sound. We do know that over the years you will accumulate much
data. The sound evaluation of this data will ceftainly lead to sound decision
making aiid modification as necessary.

Slide. You may remember the feedback I told you about this morning,

We have recommendations for evaluations beyond just the learner. The picture
on the left hand screen and the formula is referring to the establishment of

plans for ancillary evaluation. Ancillary evaluation, by way of example,
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might be the examination and evaluatlon of educational management, evaluation
of personnel, cvaluation of facilitles, evaluation of supplies and equipment
and, finally, the last point which I made a few minutes ago, evaluation of

the overall process itself, In terms of project time we cannot predict what
tt will cost, what 1t will call for in the wav of resources, both money, time,
peopte, and other factors, [s it worth all the effort? We have the responsli-
bitity to determine the answer {n the evaluatfon procedure.,

Slide, Again we Introduce the ldea that wodification Is necessary based
upon data we have colleeted, and, of course, we apaln introduce the re-cveling
procedure,

Slide, 1 have told you that Chapter 2 basteally s bullt around what
vou have scen this afternoon,  Chapter 2 does not just Incelude the schema;
it fncludes the written word as well., 1t includes all of these activities
amplified to some extent. Again, in trying to listen to the field we have
gone one step further and in addition to wrifing about events and activities
we have put together tables at the back of Chapter 2,

Putting the design together and supporting Dr, Bliss In what he satd
this morning, that cven thoush vou have four separate components, they ave
all part of the fnteprated whole.

In conctusion, T am going to be repeating something Joln told vou,
and you will see it in the document also. Tt Is our opinion that this
new approach should result in a4 more objective look at what we are trying
to do in cducation, how well we have done it, and finally how to go abont
the process of creatlng change and Improvement ,

Tt Is designed to result (o better lonp~range planning, better {nvolve-
ment on the part of the staff, students, commuunity ard, therefore, more
effectlve use of resources, We feel that this new approach to the decistion-
making process should help to bulld preater support and confidence in our

1res6)
v ot

REAtialidd ol b i neeend S = 2o £ SN IRTIY L S is £ i — e o S OG- SIS




- 266

school gystem on tHP part of the publle, This design, when completed and
defined must provide overall patterns for school districts of varying sizes
and characteristics to give eaclt room in which to move. I must emphasize
the Importance to you as I did this morning of developing massive 1in-
sorvice tralning programs to Improve staff involvement in the program,
Just as bwportant will be more effective administratfon at all levels for
partictpat ton 1n and encouragnent of stafl menbers to participate in these
various types of {n-service programs,

As you will remember it is rapidly beconing essential that a sound
approach to the budgetary and rescurce allocation processcs of the future
be based on some sort of a device involving effective identification of
resources, establishmnent of desired goals and objectives, careful program
plamning, the development of alternate patterns in the decision-making
process, more sophisticated methods of allocatlon and accounting and
finally an evaluation pregram to determine the accomplishment of goals and
objectives, MHopefully the aforementioned statement and illustrations will
help place effective program planning in proper perspective to this .ew
approach to the decision-making process, Without it a school system, its
board of education, and 1ts administration are lending support to the status
quo, The greater demand for broadening the scope of our educational programs,
the pressurcs for the negottative procedure with its great demands of all
types, the [mpact of new ideas In technolopy, and the greater burden on
school systems toward solving our soctal problems, all supgest the need for
the development of a new design which will provide much better long-range
plannfug, much more effective allocation and nse of resources, We think
that such a desipn should involve the applleation of the planning programming

budgeting and cvaluation systems concept.
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SYSTEMS APPROACH TO PROJECE MANAGEMENT

Desmond 1., Cook

1. Introduction

The general tople of this workshop {s svstems, systems theory, syatems
analysis and related toples.  You have also been talking about the world
of Management Information Svstems. We are going to be talking about a
Management laformation System which incorporates many systems concepts and
is deslgned to do a partfcular Job which has increased in both popularity
aid need In the last soveral years,

1 plan to talk about the concept of profect mmapement, why we have ft,
what it (s, and how {t pot startoed. [ want to talk about a managenment
mode I whleh {s divided inte two sub phases, one called planning and the
other control, This afternoon you wllil have some actual exposure to PERT,

so what 1 will do Is iltustrate my model using PERF becanse (1t Is a pretty
pood way of doing so,

Our major interest is the concept of project management. We run into
some difficulty because the terms project management, systems manapement,
and program management are all used interchaugeably., What we are talking
about fundamentally 1is the integrated management of a specific project on
a systems basis. In other words, a look at the totil project as a system,
This {s why the work you've already had {n systems coucepts becomes very
relevant here,

Project management {s the abllity to pull together all the vesoutrces
and skills needed to accompllsh the {ob, and more importantly, at least
from our point of view, putting :ill of these under the dlrection of one
person-~the project manager, The project manager or the project director,
whatever the name you want to give him, should have the authotrity and
responsibility to make the decisions necessary to accomplish the propram
objectives. Ilis or hor success will depend to a preat extent on the freedon
to be able to move within the project to change thilngs as needed to accomplish
the objectives, ‘

Why should we talk about program management? Why should we have thls
kind of concept? What's fnvolved in 1t? The things we are doing today
in education are much more complex than they usad to e, We have gone
from the corner grocery stores to the supermarket in terms of educational
operations. Me are also belng asked to fnnovate and change, There is a
lot of pressure for this, 1 we don't have some way of managing these
projects and programs dirccted at chanpe, they might not pet accomplished,

A. What Is a Project?
Let me deseribe for you what | osee as a project, A project has an

identlftable end product,  Basically, [t §s same poal that we arce trylng
te accomplish, This goal ean be mimy thiaps, 1o ean be a declsion {eself,
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a deciston for a school district to enter into EDF, This would ba called

a feasibility study, but the end product would be a document which says

this is our decision to go ahead or not go ahead., An end product <=an be
a new resource guide in terms of a curriculum unit. An end product might
be a process of registration of students, That is, what we are going to

do is have a project which will develop for us a way to register our
students,

A sccond characteristic relates to complexity, People, resouraes,
tasks, Jobs and everything else have to in some way be Integrated and

pulled together to get to that end product, Now obviously projects differ

In thetr complexity, llere the concept of slmple deterministic systems
versus complex probabtlistie systems becomes relevant since probabilist
complex projects are much harder to manage than simple deterministic
projects,

The third characteristic is that these projects we are dolnpg have
uncertainty and risk assoclated with them, Some people refer to them
as "once~through operations," The last characteristic relates to some
kind of time frame,

To summarize, ask the questions: Have I got an identifiable end
product? A fair set of complex clements in terms of people, resources,

{c

and tasks; something largely innovative in the scnse that maybe we don't

have any past experience--it's a once-through operation? Do I have a
terminal date? If you can answer these questions in the positive, then
you probably have a situation that i{s amenable to project management.
It's a situation for which a tool like PERT can be applied,

B, Role of the Project Manager

The project manager serves as a focal point or the integrator, for
getting all the things done in the project, What [ have become parti-
cularly interested in is the things which make for effective project/
program management, A project manager will be effective to the extent

that he has a background experience In the field of education and in the

types of projects which he is asked to direct. The individual would be
effective to the extent that he has had time in grade, That is, he has
had some opportunities to be in a project manager position previously,
such as an assistant project director,

The third factor in effectiveness if training in the area of project
management, The last factor would apply to many other kinds of things--

the extent to which the individual managing the project has everybody
behind him,

C. Projects in Organizational Structures

Let us now take a look at how projects pet put [nto organizational

stroctures since this will help us deal with the nature of project manape-

ment,  There are some general patterns emergiung, each with {ts own
lmications and advantages., Onpe pattern Is to have the project placed
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of€f by itself wnder the chief official, As long as the project exists,
thinre is a project director. In many cases, he has much independence
to operate on his own since he is outaide the rest of the structure,
Eesentially he has a lot of autonomy and s lot of independence. Once
the project ends, it visibly disappears and the project director goes
on to bigger and better things ov to another district and to another
project and so on,

One of the major problems such projects have is their working as
an independent operation which creates a problem when they try to come
into the district and do things.

Another way that projects are placed is to have them in some existing
unit. The Title I reading project i{s placed under the unit which deals
with reading within the district, The resources and personnel needed
to carry out the project presumably come from that department or at least
the people are transferred over for the duration of that particular project.
This pattern has certain advantages, Certainly we know the lines of
authority, we know who ia going to make the decisions, the people know
where their reward promotions are golng to come from, and so on, This
pattern {s susreptible to a wajor limitation and that centers around the
idea .hat maybe the second project comes into that department, maybe a
third one, maybe a fourth one. So what you do is have people engaged in
Yempire building.”

The wmost common pattecn, which exists {in the government and military
and to a great extent, believe it or not, in education, is vhere the
project represents an overlay upon the organizational structure. The
project director or project coordinator is named. He is largely responsi-
ble for making sure that the job gets done, What he has to do is utilize
people, resources, and skille, and talents from other offices within the
organizational structure, This pattern has created certain kinds of
problems for project management because while the individual is responai-
ble for getting the task done, and he can have a lot of say about when it
gets done and what is to be done, he often cannot say how it will be done
because the specialists are going to do this, So the functional depart-
ments work in their arcas, but he has to coordinate the whole ball of wax,
In & sense, he has to cut across both the horizontal and vertical structure
of the organization,

D. Management Functions

Let me now talk a little bit ahout the functions of management.
Plaaning is concerned with objective or goal setting and then devising the
alternative ways of fmplementing that particular goal and eventually choosing
one of the alternatives and going operational with it, Organization
generally refers to creating some kind of atructure to help carry out that
plan, This might be for example the school structure, the vertical relation-
ships existing between superintendent, principals, and teachers. Controlling
generally refers to the fact that once you sce a plan into motion you have
to have some vehicle to make sure it is being carrled out, People use terms
l1ike monitoring, review, and 20 on to talk about the function of control.
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Control involves not only sensing, in a sense that you are identifying
that something is going wroag, but also taking the necessary corrective
action to get it back on track,

What we concentrate upon are the functions of planning and centrolling,
When you are going to deal with a project or a program you have to vnlan
that program, put it Into action, and then constantly check to make sure
that it's being carried out,

What we are really looking for [s a syatem of some sort, let's call
It a mmagement system, which will help us accomplish cortain functions,
In this case, the functlons we are trying to accomplish are the planning
and controlling of a project operatlon, What we are looking 1s a kind
v of gystem to help us plan and control projects so that we can be effective,

Now, this requirements leads us to what we call a management informa-
tion system, One of the questions we asked (s what kind of data or informa-
tion is of value to the project/program manager? We put this Into three
major categorles of time, cost, and performance, It Is best to think of
time-cost-performance not as independent varfables but as hiehty related
variables., At some point i{n time, we can pet an optimum mix of these
chings and then have the project at it's optimum condition,

We can talk in a sense about an optimal project operatlon but in
order to do that we've got to deal with these three variables and recognize
some of the problems inherent in them, Let me try to give you one siuple
example of one case of this, tost of you know the Apollo space program,
You also recall Kennedy's statement that we're going to go to the moon in
this decade. Kenunedy set a time limit, He also saild we plan to get a
man to the moon and return him safely and thus set a performance standard,
The only variable he had left to manipulate was money. He was able to go
to Congress and get the needed 24 billion,

One of cur major problemns in educatfonal projeect manapement {s that
we don't have enough experience with regard to the time it takes to do a
job, the performance levels we can expect, or the money [t takes to do
them, If we did have large amounts of data avaitable to us, then our
jobs of project planning and controlling would e much easier. As I say,
we are looking for a system which will help us accomplish certain kinds
of jobs. We are trying to work up a vehicle, a method of making sure that
the guy gets the right kind of information at the right time. We are
trying to work up a vehicle, a method of making sure that the guy gets the
right kind ot information at the right time., We are trying to develop a
system which will help force decisions in advance of movement within the
project, We're trying to find a way to compare actual verses planned
performance. Any system that we develop or employ cannot cost a lot of
money to employ,

11. A Project Management System Model

Yon have been glven a paper called "Better I'roject Planning Through
Systems Annlysis and Managewent Techniques,”" ‘This paper was one of the
first attempts to integrate some of these bhasle {deas, It was ffrst pre-.
sented at the Operations Analysts [n Education Symposium In Washington
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in November, 1967. Basically, what I said then | still ascuribe to in
general., Once you understand some idea of the nature of the systems, once
you begin to understand some fdea of the nature of management, and some idea
of the nature of projects, then you can begin to develop a system to plan
and control projects, That is all PERY is designed to do, With this as

a background, we proceeded to develop the project management system, That
is what {s represented on the chart in Figure 1,

We want a system which will enable the person to manage the prnject
petter than he would 1{f he didn't have such a system, The model shows that
there are two major sub-functions (n the sense there are two major sub-
syatems. ne of these Is a planning system and another fe a control system,
[n other words, you have to have something which helps to do a better job
of planning and a better job of controlling. 5o we have these two sub-
sytesme, ‘Lhen we asked the question "What is involved in planning?"

There are five malor tasks which have to be done. In a sense, the
output from cacl of these tasks becomes an Input for some subsequent t ask
and also helps provide the kind of data (nformatlon basis the project manager
needs to get the jobh done., The flrst major task {s defining the project,
telling what this project Is all about, establishing the objectlives,
drawing the boundaries around It, You have to draw a boundary around the
project to know what tasks are included and what tasks are now excluded,
Once that is done, veu have to develop some kind of work plan--we refer
to this as the work flow, The question hecomes to some peopte "How do I
represent that work flow?" Network techniques 1ike PERT are simply one
way to show work flow and it operates under certain kinds of rules.

Next, you have to get some ldea of how long each job is going to
take as well as how lcng the total project is going to take, The procedure
you use here depends upon how well you know what you are doing. TIf you
have done this thing over and over again like bufldinz a school building
or building a highway then your time estimates are pretty deterministic,
Where you have problems (s when you po into what are called R & D efforts
wvhere a lot of uncertainty exists, Then you need a mechanism, a vehicle to
take care of that uncertainty, to build {t in, to recognize that you may
have faflures and have to start all over again, ‘That is why ta1~ PERT
system uses multiple estimates of time. It (s in order to he! you deal
with the problems of uncertainty in both individual task and total project,

scheduling is a problem of looking at what kind of resources you have, and
when they are going to be available, You can bring a project in the situation
and have {t start on a certain date but the resources you want may not he
available,

Costing was labeled as the last step, primarily hecause we iook at
budgeting basically as a plan for spending money, More i{mportantly, the
budget 18 a transtation of your plan over into doilar amounts,

At the bottom of Figure 1, the control subsystem (s autlined. The
basic veliicle for contrel s reporting which can take place in many forms.
There can he written reports, aral reports, informal conferences, but in
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some kind of way vou are trylng to have manapement informed of what s gofng
on in terns of project operations, Specifically, what vcu are looking for
are what we call discrepancies cr deviations from what you said y¥ou were
going to do and what actually happencd. Now these deviations can be hoth
positive and negative. You can be doing hetter and be ahead of schedule,
Your performance standards for a class {n a project mieht be that 90 percent
of the students will get 90 percent of the items right on a particular
exercise. Now sas You move through this project you might find 100 percent of
the students are getting 90 pevcent right. You have a positive discrepancy
and one ought to recycle on that evidence }just as much as he oupght to recycle
ff only 80 percent are getting the items right Instead of 90 percent, in the
latter case you have negative dlscrepancy. So vou can be ahead of schedule
or you can be behind hudpet and so¢ en.

You have to have some kind of a velifcle which tells vou as a ranager
wvhere the problems are. Ohviously vou cannot carry ont this functioa propertly
unless you have something done in the plannine stape that tells yvou vhat vou
should have been doing., This 13 why plannine {s becoming more and more
fmportant. 1t secty the stage for checking the operations of oreanizations
to make sure thev are pe ‘forming what they want to do, What the veport tells
vou {8 where the problems are. Once a problem is ldentified, we have to
{find out the reason for its occurence. 7This {tself isg qulte a time con-
suming process, We have to answer that question before we can take any other
act{on,  There are lots of veasons, oOnce we {dentify why a deviation exists
then we can begin to stuwly alternative solutions,

ice a declision is rmade then we hiave te make sure it {2 {mplemented,
he put a stress on this because we find in a great maav cases decisions
are made and not {mplemented, not followed up on, nnt made uure that they
are part of the systew, The whole control sequence §s bullt on these three
fdentifiable sub-tasks because we kncw from experience tlhiat ceports can be
ganerated and nobody pays any attentfon to them; prob ers are {dentified but
aobody s listening ‘or a whole varlety of recasons; or maybe the report
system fs such thzat {t does not flag the prodblenm and thecrefore nobody can
take action.

Notlce in Figure 1 that there is a dotted line., 1f vou will look at the
key, that dotted line represents Informatfon which is beine fed to the project
data or infernation base. When I sit down and state my objective and the
criteria for the accomplishment of that ovbjective, that becomes part of mv
data fuforsation base for manscing the project. tn the werk flow, the sequence
of work 1is poinp lo generate addicional fuformation. It s going to tell
vou when cach job atarts, when each job ends, and so on. Then vou move over
{nto time catimations where you get the times ta do each jJob. You can use
that information to generate for you the times thal these particular ovents
are goinpg te take place, or when a Job should start and when a job should
end as well as tire total project time. Notice that the tire Jdata does not
fced down to the fnformation base. 1t moves over to the block called
acheduilng and resource allocation. Why? Because In the planning phase
wvhen we do the estimating, we do not consider the rcalitlies of scheduling and
resource allocation. We nake ceortain assum<tions about the kind of resources
we are golng to have. When we pake the estimate, we assume that we are golng
to have the resources, so we don't have to worrv ahout that probler. But
the reality of 1ife says you do have Lo cventually cet tu that problem saylng
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when are the facilities poinpg to be available, when are the people golag
to be available, what other jobs have we In the shop that we have to account
for, and so on,

Butgzet information comes as the last step, Here we are concerned with
the cost of what we call tndividual work packagee, We want vou to establish
rate of expenditure plans shewlnp an actual gpraph of how you Intend to spend
the moncy over time. We want to lhlave what we call the management or output
budget, and we also have to prepare what we call the legal or fnput budget,

You do all this Information peneration in the planalne phase, Notice
what you are generating down Lere at the hottam--the project daty information
basa, You are polny to use that in manaping the project, Over ai the ripght
you have the question "Has your plan beeu accepted?” This Is Vke saving,
Has your proposal been accepted? 11 no, then you have to go back and de
the replanniag, Now mavbe {t doesn't require complete replannine; mavhe
you can come back and eater the system {just at time estimating or just at
scheduling or just at hudeeting,

Let us come Jdown to the battom box or centrol syster, You notice after
the planning 18 accepted, vou then go operatlonal,  Sow we have to carry ont
these major tasks {n this stage. In vour reperts to manapencent , von have to
work up gome way to update your project, By update 1 sipply mean report
whete we are today, You have to work out a system where people feed ta von
exactly what Jobs have been done, which ones have not been doane, when they've
beecn completed, and 80 on.  You can prepare a Jlee repart, a cost report, and
a performance report showilng exactly where you are fn teems of these three
areas, Now these can be comblned {nte one report, so that von can relate
time, cost, and performance together. Repoarts becore an Imput to managenent
actions, 1 have to know first of all, what {s my poal? What {s mv ownr value
system? What {s {t [ want to accomplish? Now the objective might be to
bring this project ir on time, and s0 my basic decisions are going to be made
within a time frame. On the other hand, my basie objective would be that
I want to produce the best quality product 1 can. And time Is not one of my
major concerns, Therefore, any decision I make will always be in terms of
that obiective,

The final box leads to irplementation. llere is where vou madify vour
plan in terns of the oripginat setup, You communicate the change, and vou
modity the data base. The dotted line goinp back now to the Information
baze gfays any tlme you change or modify, they ynu so back and establish a
new time schedule, new performance speciflcations, and so on, They you keep
that up unti) vou sav, have 1 reached mv terminal event: that {s, have 1
comploted my objective, I the answer Is ves, you have <omplcted the project:
tf no, vou keep going until vou do,

111, Role of PERT

Now what PERT enables vou to do s accomplish all of these tasks, PERT
Is a tool for you to pet this job done. What it concentrates prirarily upon
Is the work flow or netwoek, 1ts second major eaphasis {s upon time--the
planning and controling of tixe, Now 1t can b2 used to include performance
and cost becarie 1 can relate cost to time, and ! can relate cost to work,
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and 1 get my work breakdown out of my project definition. Seo I am able to
bepin to relate t{me and cost, Lventually, [ have to relate time, cost, and
performance all together, This is the context or the sftuation for whieh
PERT {8 designed. The speeific techniques, the speclfic rales, are available
in almost any standard reference work on PERT,
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PROCEDURAL ASPECTS OF PERT TIME ANALVSIS

Kirby L. Madden

Introduction

Conceptual presentation of the topic of systems snalysis fn my Operations
Research class usually results in questions pertaining to its workability, To-
day { am going to talk about ore type of network analysis technique, PLRT
(Progran Lvaluation and Review Technique), and fllustrate that although complex
to some at first examination, it is a very workable and useful manaperial tool,

As indicated in the handout, the PERT process consists of a number of major
operations., Each of them will be discussed and later applied to an example,

A prer.quisite to PLRT Analysis, not 1isted in the handout, is to define the
objectives of the pioject as well as its limits and also the relationship of
the project to the overall objectives of the organization, This step was omitted
bacause there is not enough time to consider it and its relationship to the

managerial planning function, However, it does bear mentioning,

Creation of the Network

Activity Analysis

In this phase of the PLET process the main objective, much like that of the
production planner, i{s to specify the jobs/operations necessary to acconplish the
objectives of the project, In FLRT terminology the jobs are referred to as
activities, while events designate the start or completion of an activity., 1In
nost casas, activities require the use of some or ali of the factors of production,
The exception to the rule is what i{s known as the dummy activity, This type, to

be exemplified later, {8 erployed to maintain the logic of ihe network, Though

. e — e .
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used frequsntly in PERT problems, this concept is not solely a product of PERT
analysis, 1t is just as popular in the matrix operations of the dynamic pro-
gramming model,

Theoretically, the number of activities in a project depends upon the
amount of detaifl required by the project planner, The degree of detail, in turn,
depends upon the level or amount of control desired, which is a function of the

relevance of the project, 1n other words, activity analysis is similar to the

managerial principle or stratepic point control which states that the more
strategic a point the more control needed, The measurement used to determine
the strategic area differs depending upon the organization and the point within
that {s selected, Note that this principle applies not only to the entire pro-

ject, but, also, to individual branches in the project,

Arrow Diagramming

Activity analysis is followed by arrow diagramming or flow charting, as it
{s commonly called, Here, the interrelationship of the activities is pictorially
displayed.

Three guidelines prove helpful in determining the position of the activity
in the PERT network, They are:

1) what activity must be completed before this certain activity can
be initiated?

2) are there any activities that can be performed parallel with this
study?

3) what activities succeed this activity?
After sequencing the events, arrows are drawn to depict the activities and
to indicate the flow of work through the project. The tail of the arrow re-

presents the start of an activity and the head represents the completion, It

p
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should be noted here that in the forthcoming charts the length of an arrow in

no way represents tl.. completion time of un activity.

Numberinﬁ

In order to distinguish activities each event is numbered. The general rule
for numbering is T.N, & H.N,where T,N,is the arrow tail number and ii,N. the arrow

head nunmber,

Illustration
Before continuing with the steps in tle PLRT process let's introduce a
specfal construction example which will facilitate understanding of the process,
It is far removed from the field of educational administration but serves to
f1lustrate that the technique is quite applicable to these projects meeting the
qualifications discussed bty Dr. Cook.
The contractor, in this special project, has agreed to do the following
activitiesi®
1) Pour foundction,
2) Acquire building materials.
3) Flant lawn,
4) Lrect Framework,
$) Back fill dirt and level ground.
6) Install drainage tile.
7) Renmove forms,
8) Install floor.
Activity analysis, arrow diapramming and arrow numbering result in the

following network,

& Adapted (rom the worling material of Frofessor Nicholi GLiemens, Universitv
of Georgla.
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Install €loor <;<§)
4 \\\\\\\ lrect

Pour & framework
Foundat ion .G?
&

39 Remove N

Acquire S forms

“hullawdg
\\\\\\EMIcrlals
Install ™

drainage tile \\\\\\\\ Plant

lawu

BackfL11 dirt and level
ground

Each term, 1 glve my Production Management students some preliminary PERT
data and ask them to construct a network. Being novices at this type of work,
thelr efforts usually result in all sorts of project configurations which seem
unworkable, But as long as the cerrect activity relationships arc represented che
network {g cnrrect, The "best' shase will depend upon the project controller since
he must vork with the network awd, therefore, is intercsted in the one that allows

for ease of operation,

Latimation of Time Requircmeats

Once the network {s constructed the next step is to estahlish Lime cstimates

for each activity, These times are submitted by highly trained and experierced
personnel, Three times are submitted for each activity, They are:

A) optimistic time, This {s defined as the shortest time
possible for é&n activity,

B) most likely, Usually considered as tle model time for an activity,

C) pessimistic, It is the longest completion time for an activity
uner Adverse circumstances,
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These time estimates conform to a beta distribution, In the case below

a is the optimistic, m the most likely and b the pessimistic time,

Times for the example are depicted in the following chart, In this case
the measura of time is days, However, it must be pointed out that the measure

of time w{ll vary depending upon the project ard the individual activity.

TABLE 1
Activity to tn th
1-2 Y 7 10
1-3 5 8 11
15 Y4 7 16
2+3 0 0 0
3.4 2 2 8
3-% 2 5 8
UEY ) 8 x?
56 5 9 19
67 ? Y 12
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Expected time - to

Since it {s bothersome to manfpulate three time estimates for each pro-
ject activity the next step is to reduce the threc estimates to one. ‘%his one
time ostimate 1s denoted by a variety of names, Among the more commonly used
are expected elapse time, average cstimate time and mean time,

Although differing in name, the computational process ia the same, The
te is figured by the €ollowing formula: te = to + tm + tp . This formula

6
fs derived from the beta distribution by considering the most likely time, m

and M, the mid-range of the beta distribution weighted 2 and 1 respectively,
In the followiug derivation:
Q fs the most likely time and
M fs the mid range of beta distribution which {s a + b
—
vhere a {8 the optimistic time and b {s the pessimistic time,.
Wefghting m two and M ore results {n the following formula: te = 2m + a + b

——

The simplified version of the preceding {s te = a + 4m + b, The computed
6

te for each activity of the example {8 found in Tadble 11,

TABLE 11

ACtiVitz te

1.2 7
1.) 8
1.% 8
2-) 0
3.4 )
3.5 ]
rS3
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TABLE 11 Continued

Actlvlty te

47 9
5-6 10
6-7 5

Critical Path

The initial focus of PERT analysis {s to determine which path {s Lhe longest,
This longest path is designated as the critical path,

Finding the critical path starts with determining the carliest start, Eg, for
each activity in the project, Textbooks define the Eg for the initial activity
of a project differently, 1in our case, however, we will define Eg for activitics
12, 13, and 1-5 as day zero,

The E, for the remaining activities is computed by adding the te of the
activity to the preceding activity Es, Therefore, the g for activity 2.3 {s
day 7, (O plus 8 te of 7)., A problea i8 encountered in computing Es when there is
an intersection of activities ss exemplified at event 3 of the sample network
where 1-3 and 2.3 come together,

Using activity 1-3 the £, is 0, or 8 days, ard using activity 2-3 the
Eg 18 7 plus O, or 7 days. The rule to use at intersections of this kind is to
alvays select the largest nuaber as the E, for the subsequent activity or activities,
Thetefore, the E, for activities 3.4 and 3.5 {s day 8, This problem is encountered
in two other places in the example, At event 5 activities 3.5 and 1.5 intersect,
L€ activity 1.5 is used, the E, for activity 5.6 is O plus 8 or day 8, but {f
activity 35 is used the E, for activity is 8 plus 5 or day 13, Following the

rule results in an E4 of day 13 for activity 5.6, The same type of problem is

RAR)

w e WM. <SRN T T T, e 1T B A 8




284

encountered at the destination point, event number 7., liveat 7 is the termination
point for two paths, If activity 4-7 {6 considered, the duration of the groject
is day 20, nd if activity 6-7 is useg the ending time is day 28, It is con-
cluded then that the duratfon of the project is day 28, On the network the lg

. for cach activity 18 dcyoted by n[:::J .
Fo
!
/
S /@
—8
[23]

.

Fg Flow of work

Table 111 pives the kg for each of the profect activities,

TABLE 111

A:tivttz kg

1-2 0
1.3 0
1.5 0
2-3 7
3-4 8
3.5 8
4el 11
5.6 13
il 23

The next step in critfcal path determination is to compute the latest start f
each activity, The latest start is the latest time an activity can begin and have

this patticular path conpleted on the duration date, in this case 28 days,
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To compute the Lg one starts at the termination point with the duration time
and from it subtracts the ta for each preceding activity, Therefore, the Ls
for activity 4-7 is day 19 (28-9), 23 for activity 6-7 (28-5), and day 13
for activity 5;6 (23-10),

At network intersections, a prbblem sinilar to the one in computing Es is
encountered, At event 3 two activities intersect. Activity 3-4 has a Lg of
day 16, and activity 3-5 has a Lg of day 8, 1In all cases of this nature the
smaller number 18 selected as the minuend for the remaining te's, Consequently
the Ly for activity 2.3 is day 8 (8-0), The Lg for activity 1-3 ie day O
(8-8)., |

Table 1V gives a list of all relevant activity Lg,

TABLE 1V
Activity Le
1-2 |
1-3 0
1-5 5
2.3 8
3-4 16
3.5 8
4.7 19
5.6 13
6-7 23

The network, with the Lg denoted by a o is:
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® 3-5 €9 3-4 ©

3"—_£
@/_-—Q

0112 \,é

<

Flow of Work Lg

Now that E; and Lg for all activities have been computed the next step in
critical path determination is to figure slack or free time., Slack is computed by
subtracting activity Eg from activity Lg, Although critical path activities can
be defined in a number of ways, our concern will be with activities that have
zero slack,

Table V indicates the computed slack time for our example, From this we
see that activities 1-3, 3-5, 5-6, and 6-7 have zero slack and, therefore, are
defined as critical path activities,

TABLE V

Activity Eg Lg Slack
1.2 0 1 1
1-3 0 0 1]
1-5 0 5 5
2-3 7 8 1
3-4 8 16 8
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TABLE V (continued)

Activity Eg Ls Slack

3-5 8 8 0
4-7 11 19 8
5.6 13 13 0
0-7 23 ‘ 23 0

PERT Probability

Could our project have an actual completion time of 26 days, 29 days or 30
days? The answer {8 yes since our computed 28 day completion is an educated
guesstimate, Since the actual completion time can vary from the planned time, we
talk about a probabilistic path time, In other words, we are {nteorested in the
probability that our duration time will be day 206 or day 30.

Each activity is assumed to have a probability distribution for its time
estimates. Actual deviation from the expected completion time of cach path is
considered to be a random variable with a normal distribution, Since each path
has an associated probability distribution it is possible to assign time to
activities and then figure the probability of meeting their scheduled completion
time,

Most importance is usually placed on the probability of meeting scheduled
completion time of the critical path, Computing this probability involves com-
puting variance for each activity, cumulative variance, activity standard deviation
and cumulative standard deviation,

The formula used to compute activity variance is;:

P

&2 a[p . toJ 2 Where: t. = Pessimistic time
t, = Optimistic time
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Next, the variances for the critical path are summed and the square root
taken of the total, This yieldu the standard deviation of the critical path,

The preceding is depicted in the following standard deviation formu:a,

A cp = Z(Vlcp + Vch + V3Cp + - e Vncp)

where:
n = activity number
cp = critical path
V = Variance
In some cases it may be necessary to compute variances for all activities, How-
ever,Tin our example we are interested in variance only on the critical path,

Table VI indicates the relevant example variances,

TABLE VI

Activitz 2

1-3 1
3-5 1
5-6 5,44
6-7 2,77

Next the variances cn the critical path are summed, This yields a d/a of 10,21
days and a 6{2 (cumulative standard deviation) of approximately 3,2 days,

With the groundwork laid we are now able to compute the probability of
meeting a scheduled completion rime, The scheduled completion time, Tp,, is a
time usually set by somebody external to the project planning group, and it must
be met or suffer the consequences of a penalty cost, In the example, if I demand

the contractor to finish the project in 26 days, this time becomes the TDO. A

“
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relevant section added to the coﬁstruction contact is that 1f the 26 day period
i{s exceeded, the contractor's feec 18 reduced by a specified dollar amount per
exceeded day.

Since path times ave assumed to approximate the normal distribution, the

probability of meeting this T, of 26 days is computed by the following formula:

Z = Tpo - Tey
d c cp

In this forrula‘the critical path TeCp is the expected time of the critical
path and Crch {5 the cumulative standard deviation on the critical path. The
value is the relevant difference between Tpo and Tecp in terms of the standard
deviation of the critical path. In other words it gives a way of measuring the
relevance of the two day difference, Another way of defining it is how many
standard deviations does th: difference represent,
Computing 2 for the example given, results in:

Z =26 -28 or Z= -2  which equals -,62. This ﬁumber is then
looked up in a ng;ial table whiZﬁzls the last page in your handout, This yields
a value of ,2324, If the computed Z value is negative, as it is in the example,
the normal table value is subtracted from ,5 and i{f it is positive it is added
to .5, In our case the final probability value is ,2676 (,5 - .2324),

Is this probability figure of ,2672 or any other PERT probability figure
significant? To arrive at an answer Project Managers usually determine some
acceptable probability range. It is important to note here that this range
usually differs with each organization, If for example the project's ac-
ceptable range is from .3 to .7, the critical path with the probability of ,2676
falls outside this acceptable range, To correct this siutation the project

manager can reallocate resources from activities or paths that have positive
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probabilities, work men and ﬁachines overtime, or talk to the controlling body
and try to get the Tpo changed,

Ascertaining positive probability activities necessitates setting a Tpo
for every activity in the network as well as computing {ts respective probability,
If resources are transferred in the project or if overtime is employed, the PERT
procedure may have to be repeated since these alternatives may cause deviations
from the planned activity time (te) and subsequent expected project completion
time, Such tactics may cause another path to become critical, It must be pointed
out here thst even though some activities may have positive probabilities the
work must be similar if resources are to be transferable,

Since we are still in the planning stage of this sample project the manager
now has a decision to make, Given the expected completion time, the scheduled
completion time and the probability of meeting the schedule, does he accept
the job, He is aware of the probable mechanism cost necessary to meet the TDo
of 26 days ss well as the penalty cost for exceeding the Tho* The choice then
becomes a purely economic one,

If the project is accepted by the contractor he can then use PERT as a
control device, He can compare actual activity time with the planned activity time,
te, and correct the remainder of the project if there is deviation from the planned
time scheduled, If deviation occurs, the control process would entail recomputing
the remaining parts of the network,

Conclusion

During the past two hours, I have attempted to convey not only the com-
putational aspects of PERT but also the usefulness of PERT as a dynamic planning
and control device, I hope that you have the opportunity to use if effectively

in your work,

0
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EDUCATIONAL RESEARCH TRAINING PROGRAM IN
MANAGEMENT TOOLS FOR EDUCATIONAL
RESEARCH LEADERS

PARTICIPANTS
Oct. 6-10, Dec. 8-12, Jan, 12-16

ALABAMA
Atwell, Charles A. Auburn University Dec. 8-12
Asst. Prof. of Educ.
Jones, Ralph W, University of Southern Alabama Oct., 6-10
Director of Research
Watkins, James F. Auburn University Jan., 12-16
Asst. Prof./Field Representative
ARTZONA
Anderson, Keith Waldo University of Arizona Pec. 8-12
: E. Ad./Dir. Bureau of Ed.
Res. & Svc.
Deever, Merwin R. Arizona State University Jan, 12-16
Dir. Bur. of Ed. Res. & Svc.
Demeke, Howard J. Arizona State University Jan. 12-16
‘ Assoc. Prof./Ed. Adm. & Sup.
Smith, Joe C. State Dept. of Public Inst. Jan. 12--16
Ploenix, Arizona
ARKANSAS
Reese, Clyde State College of Arkansas Oct. 6-10
Chairman, Dept. of Psych. &
Counselor Education
CALIFORNIA
Banathy, Bela H. Far West Lab for R & D, Berkeley Cct. 6-10
Brown, Stanley B. Calif, St. Polytech., College Dec. 8-12
Res. Coord. Minority [Educ,
Leavitt, Jerome E, Fresno State College Dec. 8-12

Prof. and Head Dept. of Educ.




California cont'd

Nelson, Jerald W.
Newell, Dwight H.

Shay, Carleton B.

Still, Richard C.

Thomas, Jack b.

CONNECTICUYT

[.ivak, Frank Hloward

FLORIDA

Edgar, David E.
Jacobs, John F.

GEORGIA

McGuffey, Carroll W.
IDAHO
Wicklund, Lee A.

ILLINOIS

Bowen, Robert

D'Amico, Louis A,

University of tha Pacific
Dean of Inst. Res. & Records

San Francisco State College
Dean of School of Educ.

Calif. St. College, L.A.
Assoc. Dean-Educ. and Coord. of
Grad Study

Stanford University
Asst. Dean, School of Educ.

Stanford University
Administrative Officer, Center
for Res. Development

Connecticut St, Dhept. of FEduc.
ducation Consultant

Orange County School Board
Dir., Proj. #6325/Pub. Sch. Res.

University of Florida
Asst. Prof. - Spec. Ed. and
Child Psych.

University of Georgia
Prof. & Dir. Ed. Planning
& Dev. Studies

Idaho State University
Aset. Prof. Ed. Ad.

Wabash Comm. Unit Sch. (Mt. Carmel)
Superintendent of Schools

Northeastern I11. St. College
Dir., Res. & Dev.

Oct.

Jan.

Dec.

Oct.

Oct.

Jan.

Dec.

Jan.

Jan.

Dec.

Oct.

2494

6-10

12-16

8-12

u-10

6-10

12-16

8-12

12-16

12-16

8-12

6-10



Illinois cont'd

Hedlund, H. Jean
Kirkhus, Harold P,
Milnor, Brent
Norwood, Donald C.
Owens, Wayne S.
Rudolph, James T,
Wei&huner, Robert H,.

INDIANA

Jerry, Robert

Young, John F,
10WA

Grosz, Willard W,

Mitchell, James E.

Sister Mary Helen, CHM

KANSAS

Anderson, Robert E,.
Dean, Harry

llopson, James A,

Chiecapo State Collepe
bean of Admiaistration

Peoarfa Public S hiovals
Di., of Research

Mt. Zion Comm. Unit Schools
Principal

Office of the Sup. of Pub. Inst,

Fastern 111. University

Adm. Assoc., Office of the V.P.

for Development

Glenbard Twp. Bigh School Dist. 87

Dir. of Special Services

Eastern Il11. University
Asst., Admin. Studies

Dept. of Public Inst., Ind.
Deputy St. Superintendent

Fort Wayne Comm. Schools

Assoc. Superintendent

Iowa State University
Adm. Asst. to the Dean,
College of Educ.

lowa St. Dept. of Pub. Inst.
Dir., MSEIP

Marycrest College
President

Wichita State University
Dir, of Educ. Field Service

Kansas St. Dept., of F:duc,
Dir., Information Systems

Mid-Cont. Reg. Kd'l Lab
Assoc, Dir., Admin.
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Jan,

Oct.

Oct.

Oct.

Oct.

Dec.

Jan.

Oct.,

Dec.

Oct.

Jan.

Jan.,

Jan.

Oct.

Dec.
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12-16

6-10

6-10

6-10

6-10

8-12

12-16

6-10

8-12

6-10

12-16

12-16

12-16

6-10

8-12



Kansas cont'd

Koos, Eugenia M,
Miller, Raymond L.

KENTUCKY

Gibson, Charles H.
Patterson, Charles
Wilburn, R. G.

LOUISIANA

Blaékmon. C. Robert

Firnberg, James Wallace

MARYLAND

Self, Melvin L.

Wall, Robert E.

MICHIGAN

Erskine, Edward J.

Remick, Edward L.

MINNESOTA

Burland, Ronald

Carlson, Raymond P,

Mid-Cont. Reg. Ed'l Lab
Research Specialist

University of Kansas
Asst, Prof. Educ. Ad.

Fastern Kentucky Univ.
Asst, Dean, College of Educ.

Louisville School System
Admin, Asst. to Sup.

Kentucky Child Welfare Fndn., Inc.
Research Associate

University of Southwestern La,
Assoc. Prof, of FEduc., Coord.

lLouisiana St., Univ, System
Asst. Prof. of Fd. Coord. Inst.
Research

Maryland St. Dept, of Ed.
Consultant 1in Ed . Tech.

Towson State College
Dir. of Res. & Evaluation

Macomb County Comm, College
Dean of Academic Services

Lansing School District
Dir. of Res. and Facility
Planning

Minn. St, Dept. of Educ.
Dpir., Professions Nevelopment
Section

Benidji State College
Dir. of R. & D,

lﬁ{)fl

Dec,

Dec.

Dec.

Dec,

Jan.

Oct,

Jan,

Oct.,

Jan,

Jan,

Jan.

Dec.

Jan,
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8-12

8-12

8-12

8-12

12-16

6-10

12-16

6-10

12-16

12-16

12-16

8-12

12-16



MLSSOURI ;

Miller, lLoon ¥,

NIEVADA
Loveless, K, B,
NEW HAMPSIITRE

Austin, Gilbert

Barker, Richard L.

NEW MEXICO

Bollmer, Barbara

Dennis, David M.

NEW_YORK

Andrews, James

Assarelli, Joscph

ilowell, Edgar N,

Jungherr, J. A.

Lohman, Maurice A.

Samph, Thomas

Shea, James F.

Northwest Missouri State College
Dean of Graduate Studies

University of Nevada
Assoc. Prof., School Ad.

Univ, of New llampshire
Dir., Bur, of Fd., Res., & Testing

N. H. St. Dept. of Fduc.
Dir. N. H. RCA-V.T,

Western New Mexilu Univ,
Assistant Registrar

Western New Mexico Univ,
Dir. Res. Computer Center

!

Syracuse University
Asst. Dir. School Sve., Bur.

New York Univ,
Pir., Fd. Res. Suc.

N. Y. St. Dept. of Educ.
Chief, Bur. of Urban and Comm,
Programs Evaluation

Pearl River School District
Asst. Supt, - Busincan

City Univ., of N, Y.
Assoc., Prof., I. R, & Program
Eval. Center

Syracuse University
Res. Coord., School of Ed.

Suffolk Reg. Educ. Center
Assistant Dir. of SCRC
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NORTH CAROLINA

Davis, Jr., John b.

Johnson, Scott

NORTH DAKOTA

Sholy, George I,

olt1o

Hornbostel, Victor 0.

Rodgera, William A,

OXLAHOMA

Helton| H, Lu

Weber, Charles L,

OREGON

Jones, John E,

PENIHSYLVANIA

Champagne, David W.

Laverty, Grace F.

Sharkan, William W.

Swmith, James W.

SOUTIL_CAROLINA

Hendtichs, C. F,

East Carolina University
Dir., Inst. Research

N. C. Board of Higher Educ.
Systews Analyst

Wahpeten P, S. #37
Supt. of Schools

Bowling Green St. University
Dir. of Grad Studies in Educ.

Kent State University
Dir. Office of Res. Studles
& Services

Northeastern State College
Dir. of Res., and Development

Oklahona St. Board of Educ.
Dir. of Pinance

University of Oregon
Asat to the Dir., Center for
Adv. Study of Educ. Admin.

University of Pittsburgh
Asst. Prof./School of Educ.

Penn. Dept. of Educ,
Educ. Res.. Assoc.

Bethlehiem Area School District
Pr. of Research

Univ. of Pittsbureh
Manager, Suppof. Services,
lLearning Res. and Dev. Center

Universgity of South Caruvlina
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SOUTH DAKOTA

Rustad, H. C.

TENNESSEE

Petry, John R,

Whittle, James W.

TEX/S

Aldrich, Wilmer W.

Clark, Lester L.

Sanders, Stanley G.

Truax, William E.
UTAH

Merrill, David M,
WASHINGTON

Moe, Richard D.

WEST VIRGINIA

Bost, William A,

Goodwin, Harold 1.

University of South Dakota
Asst. Prof. School Admia,

Memphis State University
Res. Assoc./Asst. Prof.

Freed-Hardeman College
Inst. & Dir. of Iata Proc.

Texas A & I University
Prof. of Ed. Chairman

Texas Education Agency
Program Dir., Div. of
Assessment and Evaluation

University of Houston

Assoc. Prof. & Ad. & Supervision

East Texas St. University
Dean, School of Educ.

Brigham Young University
Dir., Inst. Res. & Dev.;
Chairman, Ed. Psych.

Paciffic Lutheran linfiversity
Dean, College of Prof. Studies

Appalachia Educ, Laboratory
Deputy Director

West Virginia University
Chairman, Dept. of Ed. Adm.
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