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THE USE OF COMPUTER SIMULATION TECHNIQUES
IN EDUCATIONAL PLANNING*

INTRODUCTION

ions of organizations or behavioral processes may serve

ral scientist in the same way that simulated models have

ineers. Consider the much-used example of the model air-

-a-vis the wind tunnel test. The engineer runs scale-

planes in wind tunnels to obtain insight into the perform-

complicated machinery under real life conditions. Sociolo-

sychologist and economist similarly may use small group

tories to study the nature of human systems and increase our

tanding of certain observable behavior.1

Computer simulations can provide very powerful models for an-

ing certain classes of organizational behavior.2 Some planning

blems involve very complex organizational behavior and, hence,

e attracted system analysts interested in advancing the science

computer simulation. Not all planning activity, of course, can

e considered fertile territory for computer simulation. In some

instances, the planner is confronted with simple computational prob-

lems (e.g., forecasting requiring the use of statistical or mathe-

matical techniques) where computerization of calculation is followed

to save time or facilitate accuracy. While such data processing is

a useful application of computers and is invaluable to large organ-

izations, it does not represent computer simulation.



The purpose of this paper is toKleflasketch)some areas in

educational planning where computer simulation techniques may make

significant contributions. Greater stress will be given to plan-

ning problems in higher education not because such organizations

are more appropriately the subject of discussion at this time but
wir;fer

because the spookier can conjure up examples more readily. It

should be clear throughout the discussion that the examples are

generalizeable.

GENERAL DISCUSSION:
PLANNING AND COMPUTER MODELS

As a recognized function, planning has had its greatest accept-

ance in industrial and governmental organizations.3 But even there,

the evolution and growth has been the subject of more rhetoric than

action.

The evolution of managerial and administrative activities

started with implementation, the development of ordered and organ-

ized ways of getting operating units in organizations to do; added

control, those activities related to establishing performance mea-

surement and monitoring the behavior and practices of operating

units in light of such standards; and lastly, gave thought to plan-

ning as a managerial function separate from implementation and

control. 4

By organizational planning, we mean the process of establishing

goals, guidelines and constraints for organizations.5 For the pur-

poses of showing the usefulness of computer simulation in planning,

we might further discuss two conceptual frameworks: strategic and

extrapolative.6 These frameworks in turn imply certain problem
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solving approaches. I suggest that computer simulation can make

its greatest contribution to strategic planning in education by

making it possible to pursue open problem solving more effectively.
7

Let us examine this proposition.

Strategic vs. Extrapolative Planning

The central feature of extrapolative planning is its dependence

on past data. The planning analyst starts with historical perform-

ance and projects potential sets of activity, given possible changes

among factors not subject to the control of the organization. From

that potential set of activities, a specific plan is articulated and

converted into coordinated action. In contrast, strategic planning

starts with the assumption that the major forms of planning activi-

ties should be probing and far-ranging analyses of the environment

of the organization and non-recurring events. Further contrast and

comparison between the two conceptual frameworks of planning can be

facilitated by examining the differences in approaches to several

key elements in organizational planning: (1) the state of nature,

(2) the rationality of the decision-maker, (3) the range of alterna-

tives and outcomes, (4) the relations which facilitate ordering of

alternatives and outcomes, and (5) the goals or ends to be served.8

State of Nature - By the state of nature, I refer to environment

forces, those aspects of the environment that affect the choice of a

given plan of action but are not controllable by the organization.

Strategic planning assumes that a high degree of uncertainty sur-

rounds such factors and, more than likely, it is not sufficient to

project from past experiences without extensive "search" of the many
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possible states that the factors may assume. Extrapolative planning

assumes that we can predict with some degree of certainty on the

basis of past experience how environment forces will affect a

given plan and, hence, it is sufficient to assign a weight or value

within the context of probablistic or risk scheme. For example,

one can say that the chances are .99 for a "tight" University of

California budget under Governor Reagan. Not all forces in the

environment of the University are so easily predictable. The ALe

unique the environment forces are for a given situation, the less

relevant are past experiences.

The Decision-Maker - Strategic planning provides a more "open"

approach to the question of rationality. Decision makers are viewed

as humans; they grow and learn how to solve problems by doing and

seldom have enough information. The decision rules followed in

choice situations are rules-of-thumb with a historical rather than

scientific basis. Moreover, decision makers are bounded rationally

by their perception of the world around them. In extrapolative

planning, the decision maker is assumed to be "delicately skillful

in analyzing the whole of a problematic situation." The human

qualities of the decision maker are subordinated to certain machine-

like qualities of the "organizational" man. To illustrate, take

the case of "incremental" university budgeting. In estimating the

budget for a future year, a percentage increase (decrease) is added

to (subtracted from) the previous year. Such a planning strategy

assumes an optimal degree of consistency and objectivity in the de-

cision processes, to say nothing of the limited possibility of

changes in the pattern of activity for a given unit. For some
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academic units in the university, this may be true. For others,

such as student affairs, yesterday's budget reflects activities

which are no longer emphasized or accepted by students. There is

inc:veasing evidence that the entire university is in a period of

change where goals and activities in departments are more related

to future aspirations than the norm established by past experience.

To this extent, strategic rather than extrapolative planning can

become more useful.

Range of Alternatives and Outcomes - Another basic difference

between strategic and extrapolative planning lies in the approach

to considering possible alternatives and outcomes. In extrapola-

tive planning, we start from a restricted set of alternatives and

outcomes with last year's experiences having a preferred position.

In manpower planning, a department tends to shape its faculty re-

cruitment around past experiences. Thus, if you are a graduate of

one of the top ten universities in the country, you are likely to

get ten or fifteen offers from among the top twenty schools. The

choice and selection process, though highly rational, is very re-

strictive. In strategic planning, a much larger set of choices is

conside'red; there is an attempt to look beyond the past experiences

to broaden the feasible alternatives and outcomes. For example, in

faculty recruitment universities must now begin to look at the struc-

ture of faculties. New curricula addressing the needs of smaller

communities require that we search for faculty members from Black,

Mexican-American, Puerto Rican and other communities. The past can-

not be fully extrapolated; we must examine a number of new alternatives

and possible outcomes - developing faculty from existing pools of
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manpower, recruitment of faculty from a larger group of schools,

search and recruit among "underemployed" manpower, etc.

Ordering Relations - Assuming alternatives and outcomes can

be specified, there is the additional task of ranking or ordering

the planning possibilities implied by such a set. In extrapolative

planning, the ranking reflects certain beliefs about the future

that are based on past experience. On the basis of previous suc-

cesses and failures, weights may be assigned to alternatives. If

alternative I, for example, has a better chance of success, that

alternative is given top priority. In strategic planning, such an

ordering scheme may not be possible because there may be no previous

examples or similar courses of action from which to infer. In the

faculty recruitment example, a universit.,, may be guided by moral

and social considerations to go beyond a manpower development plan

which is likely to be successful. But how far to go in screening

other alternatives cannot be answered except through search and

experimentation as a first step, and given that experience make

further changes. The ordering of alternatives is much more subject-

ive and unstructured in strategic planning.

Goals - A final difference between strategic and extrapolative

planning can be seen in the way that goals are handled in the plan-

ning process. Goals specified in extrapolative planning are slight

variations of established goals pursued in previous periods. Changes

in the academic plan to bring about the modernization of the univer-

sity as perceived by students are interpreted as adding new courses

or revisions within curricula designed to meet the current structure

of goals. In strategic planning, new and broad variations in the



goal structure may be a major concern. If we seriously seek to

modernize the university, the goals of the university cannot be

above reexamination. For instance, the implications of substitut-

ing community action goals for research goals at various points in

the present goal structure of the university is an alternative that

should be explored. Strategic planning explicitly recognizes the

dynamic nature of goals as well as means.

In summary, strategic planning starts with the assumption that

the environment of the organization, decision maker, alternatives

and outcomes, ordering of alternatives and outcomes, and goals are

elements to be examined as fully as possible. The less we take as

"given", the more creative and effective a planning process will be.

The past provides only one of many possible ways of meeting the

challenge of tomorrow. Extrapolative planning projects from the

past giving such experiences a major role in determining plans for

the future. (Exhibit A provides a schematic summary of the differ-

ences between the two planning approaches.)

Strategic planning refers to a class of decisions that defines

purposes, develops objectives, provides direction and determines

roles of an organization within its larger environment. Such de-

cisions must almost always be made on the basis of limited informa-

tion and sometimes in the context of absolute uncertainty. These
7

are the decisions which place the greatest strains and stresses on

planning in organizations. What should we do about faculty develop-

ment? How shall we increase the support for intramurally funded

research in face of the increased needs of community action programs?

How should we respond internally to the possibility of change in the
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State's financial picture? What would be the impact of decreased

national support for Ph.D. programs and increased support for

ft social education?" These are critical questions for strategic

planning in higher education. There are similar questions facing

other types of educational organizations.

STRATEGIC PLANNING AND COMPUTER SIMULATION

Computer simulations are dynamic models that make it possible

for planners to examine logical descriptions of organizational be-

havior over time.9 Strategic planning problems are futuristic,

time-oriented problems requiring an understanding of organizational

behavior not yet observable. It follows, therefore, that computer

simulations should be an important vehicle for strategic planning.

Computer simulation enhances strategic planning along several lines.

First of all, computer models permit planners to consider the large

and complex system models required to provide realistic descriptions

of behavior processes in organizations. Second, computer simulation

models facilitate aggregation of behavioral processes. For example,

if one develops separate models of, say, the History and English

Departments, a model of the interactions and joint behaviors of the

two departments may start with the department models as basic mod-

ules. And thirdly; computer models improve the quality of analysis

because of the increased flow of data. In a matter of minutes, com-

puters generate data that ordinarily would not be available for 25

years in a real system.

For the purposes of discussing the usefulness of computer simu-

lations in educational planning, we may divide the types of simulations

into four groups:1°
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1. Descriptive Simulation Studies of Existing Organizations

2. Intellective Simulation Studies

3. Normative Simulation Studies

4, Man-Machine Simulations

Each of these groups has relevance for certain types of pianning

problems. In the next section, we shall briefly discuss each group

with reference to a particular educational planning problem.

APPLICATIONS OF COMPUTER SIMULATION
IN EDUCATIONAL PLANNING:

SOME SUGGESTIONS

Descriptive Simulations

The primary focus of descriptive simulations is to provide

models of human systems that explain their behavior.11 In the study

of organizations, such siMulations are used to test theories by

comparing past behavior of real organizations with simulated beha-

vior. On the basis of such comparisons, researchers can attempt to

relate changes in planned behavior with changes in observed beha-

vior. The hiring of faculty, for example, at a given point of time

follows from the execution of certain decision rules designed to

stimulate certain planned behaviors. A descril6tive simulation may

be useful in analyzing organizational behavior resulting from such

manpower decision rules because of its ability to consider planned

and actual behavior as it evolves through time. Let us pursue this

idea further.

In planning faculty needs, a critical determinant of the actual

pattern of faculty development is the set of decision rules followed

by various departments in promoting faculty into tenure positions.

I suggest that insight into such decision rules may be developed
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from analyzing the behavior of a simulated model of several depart-

ments within a given university.
12 Such models, of course, must

start with empirical investigation of the departments to be studied.

From there the computer model is developed: decision rules are

formulated and relations transforming such rules into behavior

mechanisms in the model are defined and coded for the computer.

What can we analyze with such a model? It has been hypothe-

sized that promotions, for instance, may be the result of inter-

departmental pressures rather than decision rules within a given

department. This is a testable hypothesis. A descriptive model of

an organization may be extremely useful for examining such an hypo-

thesis.13

Another example of the usefulness of descriptive simulation

can be found in student course selection. What are the most signi-

ficant factors influencing the development of an observed pattern

of course offerings? Using a descriptive model, one might examine

the impact of certain decision rules followed by students in course

selection processes in relation to decision processes followed by

14
department chairmen, registrars and participants in program planning.

"Intellective" Simulation Sttdies

This type of computer model is likely to be less descriptive of

the real organization and more of a caricature capturing the import-

ant organizational qualities deemed relevant by the analyst.15 "In-

tellective" simulations may be used to examine "if" situations.

"What if" the external world of the university decided that "social

education" should have top priority instead of advanced graduate

education (Ph.D. programs) in universities such as the University of



California? To examine such a question, one would need a model that

is capable of simulating departmental, interdepartmental and inter-

campus decision processes; capable of including a range of variables

that reflec: sociological, economic and administrative considera-

tions; and capable of studying interactions of behavioral processes

over time. Traditional models using system analysis depending on

known mathematical techniques would not be adequate for this task.16

Only a comp.,.ax computer model could facilitate such a study. I

suggest that in the future such strategic questions as "social edu-

cation" vs. "Ph.D.s" will have to be examined to define certain

feasible paths of growth for higher education if the projection of

the recent report of the National Science Foundation on the supply

of Ph.D.s is reasonable. That report suggests that the priority

assigned to developing Ph.D.s for college teaching is in need of

reexamination.17

In a similar manner, I suggest that the Master Plan of Higher

Education of the State needs revision to reflect the changing edu-

cational aspirations of lower income groups, many of whom are Black

and Mexican-American in California. "What if" junior colleges were

tied to certain state colleges and the University of California

campuses in a consortium arrangement for a eIen region? Are there

social and educational returns from such a scale of organization

that would offset some of the economic considerations? Such ques-

tions can be explored in the context of a simulated educational

system representing the essence of the desired consortium.
18 The

use of "intellective" simulations has been explored more fully by

the speaker elsewhere.
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Normative Simulations19

Social scientists have used normative models for many years

and the use of simulations to approach normative considerations is

consistent with a logical pattern of development for the social

sciences. Communication problems, social interaction patterns,

hierarchical structures and implications of problem-solving strains

and stresses for organizations were originally analyzed and studied

through contrived laboratory models built around small groups.
20

Computer models make it possible to build models superior to those

devised in small group laboratories.

The question of organization structure and the distribution

of power in large organizations can be examined through the use of

computer models.21 In this connection, one might raise the question

of "decentralization" vs. "centralization": sharing of decision-

making, questions of autonomy, relationships between participants

in authority roles, etc. With the capacity to construct very large

scale models to represent what an organization "ought to be", the

researcher is free to analyze a number of hypothetical questions.

Using a normative model of a firm, Bonini22 demonstrated that

pressures resulting from prescribed organizational standards (sales

quotas, production standards, etc.) do influence the behavior of

the participants in the firm. High costs, for instance, ,e assumed

to be inconsistent with good profits in a firm. Bonini suggests

that if an organization is "loose" (less of a tendency to induce

pressures for conformity to standards), it is quite possible that

performance and job satisfaction may improve so as to offset high

costs per se and, hence, leave profits unharmed or improved.23 If
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we transfer this type of thinking to the local control of school

districts, one might raise the question: are there gains in the

overall performance of a school district resulting from improved

community involvement that offset the suggested losses from a

"decline in professional standards?" This is the type of question

that can be analyzed in part using normative computer models.

Man-Machine Simulations

In this type of computer simulation, the computer framework

involves the interaction between a human actor and a simulated en-

vironment. 24 The computer starts with the simulated behavior of

an organization. The decision-maker or actor reacts or responds

to changes in the behavior of the organization,and the behavior of

the organization in turn responds to the decision of the human

actor. These interactions may take place over an extended period

of time. Frequently, the objective of such interactions between

computers and man are to provide a training exercise for the deci-

sion maker. Such management games, man-machine simulations, have

been used very extensively in industrial organizations.25 I suggest

that the management game could be used to train education admIni-

strators along several lines.

Computer gaming may improve the awareness of students to or-

ganizational roles. Some perspectives essential to decision making

at various levels of an organization can only be developed through

experience. Top-level administrative positions require a certain

level of detachment from departments or limited depammental iden-

tity. A dean cannot view his function through the eyes of a depart-

ment chairman. Differences in the roles of top vs. middle-level



administrative decision making can be demonstrated through decision

making in management games. For example, the importance of planning

as a managerial function will increase as one moves from the operat-

ing to the policy level, and students can have an opportunity to

learn this in a man-machine simulation.

Another important aspect of administration that can be learned

in the context of management games is the use of information in

decision making. 26 The importance of certain critical attributes

of information for decision-making purposes can be learned. For

example, in the case of control decisions, data must be sensitive

and timely. Information that may be useful to convey the status

of operations - expenditures, grades at the end of semester, etc. -

may not be very useful for control and evaluation purposes.

Another important contribution of management games results from

the joint problem-solving activities.27 The opportunity to work

with other members of a peer group in problematic situations, the

opportunity to discuss alternative approaches, and the opportunity

to compare the effectiveness of analytical techniques appear to

improve the analytical ability of participants in management games.

In view of the lack of strong analytical orientations in the past

and the increased need for such ability presently, the use of manage-

ment games for students of education administration could be a very

positive step toward developing better administrators.

In summary, the possible applications of computer simulation

techniques in education planning are numerous. The computer as an

aid to planning has been woefully underutilized. The use of complex
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computer models, however, is not without limitation. The larger

and more complex computer models are, the more difficult it is to

ascertain functional relationships between changes in parameters,

variables, and changes in performance of the simulated system.27

Such difficulties are not insurmountable and should not be a re-

straint on our efforts to improve the planning capacity of educa-

tional organizations.
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