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In developing a policy planning model the contribution
 

and implication of a certain policy is usually analyzed and
 

planned in the context of its relationship to the objective
 

of the system under the study. When it comes to applying a
 

mathematical programrming model to educational policy planning
 

the multiple dimensions of the objective of educational system
 

make it difficult to apply those techniques for practical
 

solution.
 

The objective of this dissertation was to develop an
 

educational input policy planning model under the multiple
 

goal setting policy at the national level. Correspondingly,
 

a goal-programing model was developed and applied to a
 

hypothetical planning situation of Korea.
 

The related literature was reviewed with regard to
 

(1) systems analysis in educational planning, (2) educational 

planning efforts in Korea and (3) the goal-programming tech

nique. In order to 'Alustrate the approach for educational 



input policy five administrative goals were selected and
 

defined. Then, four goal-priority situations were designed
 

by assigning the different priority level to those goals.
 

Two types of educational input policy were formulated in
 

terms of (1) student/teacher ratio, (2) average teacher's
 

salary, (3) students per classroom and (4) allocation of
 

financial resources to instructional materials and equipment.
 

One is called labor policy and the other is termed capital
 

policy.
 

Each policy was regarded as part of the coeffients
 

Then, it.was tested on the
of the goal-programming model. 


goal-programming computer run under the four different goal

priority situations. The output of goal-programming model
 

showed the optimal solution and the level of under-achievement
 

of the goals. The future educational system was forecasted
 

based on the optimal solution. The implications of educa

tional input policy (i.e., labor and capital), to certain
 

aspects were evaluated and compared to each other. The
 

conclusions were based on the applicability of the approach
 

and the feasible use of the goal-programming model as part
 

of a policy planning process.
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CHAPTER I
 

INTRODUCTION
 

Statement of the Problem
 

One of the important purposes of planning in any
 

organization is to formulate policies for achieving the
 

goals of the organization in rational and systematic ways.
 

The purpose of comprehensive educational planning is "to
 

develop a long-range guide that will use the best available
 

resources to attain educational objectives and permit
 

evaluation of the planning process itself."1
 

In Korea as in other developing countries, educa

tional planning has been undertaken with a great hope to
 

solve the problems in the educational system. The results
 

were that while not all problems were solved, they were
 

more clearly comprehended. One of the key problems was how to
 

better allocate the educational resources to achieve the ob

jectives of the national educational system. Two sets of
 

long-range policy directions were formulated and suggested:
 

(I)The gradual improvement of learning environment
 

1Frank W. Banghart, Educational Planning (New York:
 
The Macmillan Company, 1973), p. v.
 

1
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characterized mainly by the reduction of teacher/student
 

ratio, with other improvements; (2) to apply intensive use
 

of instructional technology such as programmed instruction,
 

instructional TV and radio, and team-teaching.
 

In a real situation where the policy has to be de

cided and implemented by the decision-makers of a national
 

educational system, as in the case of Korea, the problem of
 

choosing the direction for managing educational input was
 

more complicated considering the situation of multiple, in

compatible goals to be achieved under several constraints.
 

The review of literature reveals that most systems analysis
 

in educational planning has been done using a one dimensional
 

objective function or a weighted objective function whose
 

meaning can hardly be identified by the decision-makers.
 

This has brought resistance from the educational decision

makers in the field who have several administrative goals
 

in mind.
 

If the analytical information which can show which
 

policy direction contributes more to achieving the multiple
 

goals that the decision-makers have perceived as important
 

had been available, and the problems could be forecast when
 

that direction is implemented, then there might be a better
 

chance to formulate more productive policy to achieve the
 

multiple goals in a more rational way. In order to provide
 

this information it is needed to develop an approach which
 

can generate such data on the contribution of policies under
 

the multiple goal setting.
 



Objectives of the Study
 

This study was mainly concerned with the development
 

of the approach of educational policy planning and analysis
 

at a national level. For a numerical illustration, this
 

study attempted to develop an approach for analyzing the
 

contri.bution of two different sets of nat.)nal educational
 

policies in managing the educational inp.ts for achieving the
 

multiple, incompatible administrative goals under the given
 

constraints.
 

Assuming that the educational decision-maker could
 

identify the administrative goals to be achieved, rank them
 

in the order of importance, and define the two sets of
 

policy, this study has attempted to achieve the following
 

specific objectives:
 

1. 	To conceptualize the approach for analysis.
 

2. 	To develop a goal-programming model for a macro

national level educational policy 
planning. 2
 

3. 	To develop a computerized forecasting system which
 

can show the behavior of an educational system when
 

the optimal solution generated by the goal program

ming model is implemented.
 

21n this study, goal programming is defined as a
 

linear mathematical model in which the optimum attainment
 
of multiple goals is achieved under the given decision
environment.
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In this study the problem situation that the educa

tional decision-makers faced was hypothetically described
 

as follows for the purpose of analytical illustration of
 

this approach.
 

There are two groups of administrative goals of a
 

national educational system: 
 (1) the goals imposed ex

ternally on the relationship to the environment, and (2)
 

the goals set internally for improving the learning condi

tions in an educational system.
 

For the first group, goals such as maximizing the
 

economic returns to investment in education, the exten

sion of compulsory education to middle school, and mainte

nance of at least the current growth rate of enrollment at
 

high school and university level were dealt with.
 

The second group concerns the increase in the
 

average teacher's salary, maintenance of the teacher/student,
 

classroom/student ratios, and the allocation of resources for
 

instructional equipment and materials which were specified
 

by educational input policy.
 

Significance of the Study-

Particularly in a situation where the national edu

cational system is planned and controlled by the central
 

decision unit, as exemplified by the Ministry of Education
 

(MOE) in Korea, the planning, decision-making and control
 

function of such a unit makes a great impact on the operation
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of the educational system. As the educational system grows
 

in size and becomes more complex, the decision-making becomes
 

concurrently a more difficult task. 
 This fact represents
 

the general need for the application of systems approach and
 

techniques for the problems involved in an educational sys

tem in the context of operational analysis and policy plan

ning of an educational system. Specifically, the following
 

observations contribute to identifying the significant
 

aspects of this study.
 

First, one of the predominant difficulties in apply

ing systems techniques such as a resource allocation tech

nique in an educational system is the multidimensional
 

aspect of the goals of an educational system.
 

The early stage of mathematical modelling of an edu

cational system, the economic criterion has been applied as
 

the objective by economists. This type of linear one

dimensional objective function under linear constraints may
 

be technically simple, but unrealistic and will provide
 

little help for the practical purpose of policy planning.
 

As an alternative, the approach to developing a decision
 

model for multiple objectives is very important to the plan

ning of an educational system.
 

Second, educational planning is first of all a
 

rational process. In this process the decision-makers can
 

be better served if they have a computerized man-machine
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interactive system with which they can experiment with
 

policy alternatives and parameters uncertain to them. This
 

study intended to develop a goal programming simulation
 

model in which the educational decision-maker could test
 

the functional relationships among their goal-priority
 

structure, policy alternatives, resource requirements and
 

levels of goal attainment.
 

In Korea, a few attempts were made to use the resources
 

allocation technique for planning educational systems even
 

in micro problems.
 

The combination of the conceptualization of educa

tional policy planning process as an information processing
 

system and the goal programming model will provide the
 

simulation model of educational input policies in multiple
 

goal setting.
 

This type of attempt will provide an input for the
 

movement of the "policy science" approach in educational ad

ministration. The policy science, a field of expert analysis
 

when new social technologies are applied to problems of
 

strategic decisions in the central guidance of social sys

tems, has already emerged from the tradition of rationalism
 

and systems theory in planning theory.3
 

1John Friedman and Barclay Hudson, "Knowledge and
 
Action," Journal of the American Institute of Planner, 40
 
(January, 1974), p. 3.
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Third, during the period from 1969 to 1971, two in

dependent planning efforts had been undertaken.4 There was,
 
*at least, one difference in formulating the policy-direction
 

for managing the educational inputs. There were a few
 

reviews of these planning works. However, no significant
 

effort has been made to review particularly the implication
 

of input policy recommendation of the two reports to
 

achieving some administrative goals.
 

It was believed that this indicated the need to de

velop a policy planning approach whereby the general decision

makers and educational specialists could communicate with
 

each other.
 

Organization of the Dissertation
 

Chapter one introduces the problem, objectives and
 

the significance of this study. 
Chapter two, reviews the
 

literature, and is divided into three sections: 
 Section one
 

reviews the systems analysis in educational planning and
 

Section two, Korean experience of educational planning.
 

Section three introduces and reviews goal programming in
 

order to establish a firm base for developing a goal program

ming model as a major analytical tool.
 

In Chapter three, the procedure and method were de

veloped following these steps: 
 first, to conceptualize
 

4
one was the work of Council of long-range comprehensive educational planning (CLEP), within the Ministry of

Education and the other was the'work of the Florida State

University research team directed by Dr. Robert M. Morgan.
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the policy planning process as an information processing
 

system; second, to identify and operationallly define the
 

major components such as goals, policy alternatives, and
 

parameters of the functional relationships in the educa

tional system; and third, to develop a goal programming
 

decision model; and finally, to develop a computerized
 

forecasting system which would compute the implications of
 

the solution generated.
 

Chapter four, the results section of this disserta

tion provides the numerical illustration.
 

Chapter five concludes this study with summary and
 

conclusions. The computer programs applied and developed
 

are attached in the appendices.
 



CHAPTER II
 

REVIEW OF THE LITERATURE
 

This chapter is divided into three parts. The first
 

part is concerned with the review of literature in systems
 

analysis for educational policy planning. It was intended
 

to survey the applications of systems analysis to educa

tional planning problems in order to indicate their useful

ness specifically to the purpose of poligy planning. The
 

second part introduces the educational planning efforts in
 

Korea, focusing on the need of a systems approach to educa

tional planning. The third part was used to introduce the
 

goal programming technique and its applications to policy
 

planning in education.
 

Section One: Systems Analysis for
 

Educational Policy Planning
 

In recent years there has been significant increas

ing interest paid to the application of the models mainly
 

developed in operation research, management science and
 

econometrics for improving the method and procedures in
 

various areas of public sector planning and policy analysis.
 

In the education sector, too, the application of
 

quantitative models has represented the major activity in
 

9
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educational planning and policy analysis. Most of the im

pressive applications had been made by economists and man

agement scientists. The scope of their approach and models
 

applied are quite diverse and limited to their own specific
 

objectives of study. in this section, first, the general
 

relationship of systems analysis to policy planning problems
 

was discussed.. Then, the application of a systems model to
 

educational planning problem was reviewed.
 

Systems Analysis and Policy
 

Planning
 

As a good introduction to systems analysis, R. Stone
 

described some steps in studying any system rather than try

ing to define it. According to Stone,5 the steps are as
 

follows:
 

1. 	Isolating and defining the system itself according
 

to the purpose of the-study.
 

2. 	Describing the system in such a way that we can
 

analyze it and so be in a position to draw conclu

sions about those aspects of it that interest us.
 

3. 	Separating the variables that enter into the de

scription.
 

4. 	Formulating the paraineters that enter into these
 

relationships.
 

5Richard Stone, "A View of the Conference," in
 
Mathematical Models in Educational Planning (Paris: OECD,
 
1967), pp. 8-9.
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5. 	Specifying the aim in terms of the variables that
 

were used to describe the system, and finally
 

6. 	Establishing some means of regulating the system so
 

that its performance come close to the aims
 

specified.
 

In systems analysis, policy can be viewed as such a
 

means of regulating the system to get t1'e system's perform

ance to come close to the aims specified, as described in
 

the final step.
 

In order to establish such a policy in step six,
 

several systems techniques such as econotetric modeling,
 

mathematical programming and simulation have been applied
 

to generate the information on the policy of regulating the
 

system conceptualized in the steps described.
 

This consideration implies two broad sources of con

tribution of systems analysis to policy planning: systematic
 

conceptualization of the system in which policy has an im

pact, and the application of the systems technique.
 
0 . e 6
 

J. Tinbergen's interprotation of the relationship
 

of econometric models to the practical formulation of
 

economic policies seems quite instructive in identifying the
 

types of variables and functional relationships among them
 

in order to understand the systematic framework for educa

tional policy planning.
 

6Jan Tinbergen, On the Theory of Economic Policy
 
(Amsterdam: North-Holland Publishing Co., 1952).
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K. A. Fox summarized the above framework in terms
 
7
 

of its basic components. According to him, the three
 

basic ingredients of Tinbergen's quantitative economic
 

policy models are as follows:
 

1. 	A welfare function W of the policy maker, which is
 

a function of I target variables Yi and J instrument
 

variables Zj
 

2. 	A quantitative model M, which sets up statistical
 

and empirical relationships essentially between the
 

I target variables and J instrument variables, and
 

3. 	A set of boundary conditions or constraints on the
 

targets which are uncontrollable factors Uk, and
 

the side effects or irrelevant variables, Xs .
 

The policy instrument variables Zj and data or non

controllable factors Uk were treated as exogeneous vari

ables, while the goals or target variables Yi and side
 

effects or irrelevant variables Xs were considered as
 

endogeneous variables. The model M specifies the set of
 

relationships among the variables, Z., Y, U , and X .
 

Figure 1 illustrates this framework for the policy
 

planning model and identifies the types of variables in

volved in policy planning. For the framework of an educa

tional policy planning model this same structure can be
 

7Karl A. Fox, "Introduction to Nonmarket System,"
 
in Economic Analysis for Educational Planning, ed. by Karl
 
A. 	Fox (Baltimore: John Hopkins University Press, 1972).
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Endogeneous Exogeneous
 
variables MODEL variables
 

SPolicy Instruments l Goals or w W 

Zj 3, argt elfareare
 
variables = unction
 

Dat o
uconro-[X/ 
 Side effects or
 

lable variablesie a variabl
 

Fig. l.--Framework for policy planning modela
 

aK. A. Fox, p. 4.
 

applied just by adding the adjective "educational" to the
 

policy variables, goals or target variables, model and
 

welfare function. The important contribution that J.
 

Tinbergen makes is to isolate policy variables and to try
 

to analyze or optimize them in the context of their con

tribution to goals or targets, considering the welfare
 

function and bound conditions.
 

In establishing some means (policies) of regulating
 

the system as described in the final step of systems
 

analysis, J. T. Sengupta distinguished two types of approach:
 

one is called the policy approach and the other is called
 



3.4
 
8
 

the forecasting approach. In the policy planning approach
 

the goals and objectives provide an optimizing criterion in
 

terms of the unknown variables of the policy problem which
 

has to be optimized. In the forecasting approach the goals
 

and objectives are not explicitly intended. However, the
 

impacts of the various levels of policy instruments or un

controllable factors on the domain of goal or target vari

ables were forecasted. Through such a searching process or
 

forecasting of the impacts, the educational policy planning
 

can be improved.
 

The distinction made by Sengupta.seems consistent
 

with the classification scheme of H. Correa. He classified
 

the mathematical models in educational planning at the macro
 

level into two categories: one without choice among the
 

alternatives, and the other with choice among the alterna
9
 

tives.
 

In addition to the survey made by H. Correa, several
 

reviews of the literature concerning the application of the
 

systems model in educational planning were available else

where. Fox and Sengupta reviewed extensively the econometric
 

8Jati K. Sengupta, "Quantitative Models of Planning
 
for Educational System," in Economic Analysis for Educational
 
Planning, ed. by Karl A. Fox (Baltimore: John Hopkins Uni
versity Press, 1972), pp. 38-79.
 

9
 
Hector Correa, "A Survey of Mathematical Models in
 

Educational Planning," in OECD, Mathematical Models in Edu
cational Planning (Paris: OECD, 1967), p. *22.
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models for planning educational systems.1 0
 

Later, Sengupta extended their review to recent
 

works at micro level. II M. Amora reviewed the literature
 

regarding the process of educational systems, namely, the
 

production function of education. 12 R. G. Davis critically
 

reviewed the mathematical programming models of educational
 

systems at macro level which were developed at the-Center
 

for Studies in Education and Development (CSED), Harvard
 

University.13 Recently, J. F. McNamara surveyed the mathe

matical programming applications in educational planning,
 

focusing on those at micro-school district level.14
 

Applications of Systems Analysis
 

in Educational Policy PLannin2
 

As shown in each of the reviews, the increasing num

ber of publications and the variety in the problems attempted
 

10Karl A. Fox and Jati K. Sengupta, "The Specifica
tion of Econometric Models for Planning Educational System:
 
An Appraisal for Alternative Approach," Kvlos, 21 (1968),
 
665-94.
 

llSengupta, 2p_ 
cit., pp. 38-79.
 

12Mehar Amora, "Survey of the Literature Regarding
 
Production Functions of Education and Their Applications
 
Specially in Educational Planning," Socio-Economic-Planning-

Science, 6 (1972), 507-522.
 

1 3Russel G. Davis, "On the Development of Educa
tional Planning Models at Harvard; CSED: An Algebraic His
tory of Activity in one Small Place," in Education and
 
Economic Growth, ed. by Richard H. P. Kraft (Tallahassee:
 
Educational Systems Development Center, 1968).
 

14James F. McNamara, "Mathematical Programming Ap
plications in Educational Planning," Socio-Economic-Planning-

Science, 7 (1973), 19-35.
 

http:level.14
http:University.13
http:education.12
http:level.II
http:systems.10
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made it difficult to trace the attempts in this area. To
 

balance this section, a classification scheme was con

structed, attempting to indicate some possible utilization
 

rather than providing detailed analysis.
 

Most of the applications could be classified into
 

four main categories according to the purpose of the model
 

(either policy approach or forecasting approach) and the
 

level where the application made was either macro or micro.
 

Table.1 shows this classification scheme.
 

TABLE l.--Classification of the Applications of Systems
 
Analysis in Educational Policy Planning
 

Purpose of the Model
 

Level Forecasting Approach Policy Approach
 

Macro 1. Input-output 4. Optimization model char
analysis acterized in terms of:
 

2. Cost-benefit and a) assumption on linearity
 
cost-effective- of objective and con
ness analysis straint functions
 

Micro 3. Simulation 	 b) consideration of
 
dynamic situation
 

c) 	treatment of multiple
 
objectives
 

The input-output type of econometric model and cost

benefit, cost-effectiveness analysis were considered as the
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techniques used in the forecasting approach.15 The simula
16 

tion technique can be included in this category, even
 

though there have been several significant simulation studies
 

with optimization models. These three techniques have been
 

applied to the problems at both the macro and micro level.
 

In policy approach the optimization model has been used at
 

both levels too, with some variations in terms of the
 

assumption on the linearity of objective function and con

straints, the consideration of the dynamic situation of the
 

problem, and the treatment of multiple objectives.
 

Input-output analysis. Input-output analysis at
 

macro level usually defines the quantitative functional
 

relationships between the education and non-education
 

sector. When some exogeneous variables such as the growth
 

rate of economy were given, then the endogeneous variables
 

can be solved on the basis of fixed coefficients of the
 

functional relationships. Tinbergen and Bos's quantita

tive approach to manpower requirements forecasting is a
 

good example. 17 Stone's model with several sectors based
 

15Sengupta, op. cit., pp. 38-44.
 

16Bicas C. Sanyal, "Systems Approach to Resource
 

Allocation in Educational Planning," in Economic Analysis
 
for Educational Planninq, ed. by Karl A. Fox (Baltimore:
 
John Hopkins University Press, 1972), pp. 251-257.
 

17Jan Tinbergen and H. C. Bos, "A Planning Model
 
for the Educational Requirement of Economic Development,"
 
in Econometric Models of Education: Some Applications
 
(Paris: OECD, 1965), pp. 9-27.
 

http:example.17
http:approach.15
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on an open dynamic input-output structure is an extension
 

of a simple input-output model. 18 At micro level the
 

outputs such as gains in the achievement test were related
 

Kersha
to the various types of inputs. J. A. Kershaw
19 

and
 

J. Burkhead, et al. 20 represent this line of approach.
 

The interesting point of the input-output type of
 

model to policy planning is that these models allow the
 

planner to forecast the impacts of certain policies (which
 

usually take some form of technical coefficients in the re

lationship) on the output. For example, the impacts of a
 

teacher's salary increase can be forecast in terms of its
 

contribution to the increase of students' achievement test
 

scores.
 

Cost-benefit and cost-effectiveness analysis. These
 

are the techniques applied to evaluate the program or project
 

through the costs and returns associated with it. M. Blaug
 

has reviewed the literature on cost-benefit and cost

effectiveness analysis of education. He made the distinction
 

18Richard Stone, "A Model of Educational System,"
 
Minerva, 3 (1965), 1782-86.
 

19J. A. Kershaw and R. N. McKeen, Systems Analysis
 
and Education (Santa Monica: Rand Corporation, 1959).
 

2 0Jesse Burkhead, Thomas G. Fox and John W. 
Holland, In uIs and Outputs in Large Citv HIgh Schools 
(Syracuse University Press, 1967). 

http:model.18
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between the two types of analyls by stating that:
 

The former (cost-benefit) is concezned specially with
 
the economic benefits of 1rojects, whereas the latter
 
(cost-effectiveness) necessarily takes account of a
 
variety of non-economic objectives. This means that
 
in cost-benefit analysis we usually end up with a
 
simple decisive cost-benefit ratio or its equivalent.
 
Cost-effectiveness analysis, however, may yield a num
ber of criteria on different definitions of the objec
tives of the project.21
 

G. S. Becker's analysis of rates of return to invest

ment in education22 is a case of macro-level cost-benefit
 

analysis. The productivity study done by M. Woodhall and
 

M. Blaug represents the application of cost-effectiveness
 

23
 
at the micro-level.


In a sense, cost-benefit, cost-effectiveness
 

analysis are special cases of input-output analysis in terms
 

of focusing cost components, benefit or effectiveness
 

aspects of input-output relationships.
 

By identifying the policy variables and estimating
 

their impact on costs and benefits or effectiveness, the
 

policy implications could be determined in the context of
 

these analyses.
 

21Mark Blaug, "Cost-benefit and Cost-effectiveness
 
analysis of Education," Budget!in, Programme Analysis and
 
Cost-Effectiveness in Educational Planning (Paris: OECD,
 
1967), p. 175.
 

22Gary S.-Becker, Human Capital: A Theoretical and
 
Empirical Analysis with Special Reference to Education (New
 
York: Columbia University Press, 1964).
 

23Maureen Woodhall and Mark Blaug, "Productivity
 
Trends in British University Education, 1938-62," Minerva,
 
3 (1965), 483-98. 

http:project.21
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Simulation technique. As this technique has been
 

applied to a wide range of problem settings, it seems more
 

difficult to define. B. C. Sanyal offered the following
 

definition of simulation as a
 

.. collection of mathematical expressions that 
attempt to interrelate analytically all the parameters 
which define the major components of the system.

24 

Such a model is intended to have the same predic

tive response to a chosen set of values of specified vari

ables as the actual response of the real system to the
 

same set of variables. In this sense, the input-output
 

model can be used as a simulation model if it represents
 

the real system meaningfully. Lack of facilities for
 

experimentation with alternative policies and their imple

mentation has led to a considerable growth in the interest
 

in the simulation technique.
 

B. C. Sanyal indicated three broad groups of needs
 

for application of the simulation technique.2 5 They are
 

as follows:
 

1. 	The need for forecasting the endogeneous variables
 

of a quantitative dynamic vystem model and
 

appraising the consequences of alternative policies
 

under a specified model.
 

24Sanyal, op. cit., p. 252.
 
25Ibid., p. 257.
 

http:technique.25
http:system.24
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2. 	The need for analyzing-the sensitivity of the model
 

equations and objective function to variations in
 

coefficients and control variables around their
 

equilibrium or desired values.
 

3. 	The need for allowing some degree of flexibility
 

due to uncertainty of information evolving in the
 

future.
 

In order to formulate a simulation model, the major
 

task is usually to identify and quantify all the variables
 

in logical fashion. In the case where uncertainty surround

ing some systems parameters are involved, the Monte Calo
 

technique and sensitivity test are applied as R. W. Judy
 

26
 
has 	suggested.


The 	Asian model for forecasting educational systems
 

prepared by UNESCO is an example of the need for the first
 

27
group. C. C. Abt demonstrated an approach to describing
 

educational systems quantitatively, which may be programmed
 

as a 	computer simulation that will produce quantitative in

dications of the relative impacts of alternative Title I
 

projects on a given school, student group, and community for
 

26Richard W. Judy, "Simulation and Rational Alloca
tion in University," Efficiency in Resource Utilization in
 
Education (Paris: OECD, 1969), p. 274.
 

27UNESCO, An Asian Model of Educational Develop

ment: Perspectives for 1965-1980 (Paris: UNESCO, 1966).
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cost-effectiveness analysis. 28
 

Simulation technique seems quite promising for
 

policy planning and analysis, particularly when the other
 

analytical model such as optimization model is used as a
 

component of the simulation model.
 

Optimization models. For the purpose of policy
 

optimization, linear programming technique and cost

utility approach have been mainly applied in this area.
 

S. Bowles applied the linear programming model to
 

educational planning in Nigeria, dealing only in the educa

tion sector with given exogeneous variables.29 I. Adelman
 

applied the dynamic programming model for educational plan

ning in Argentina, considering the education sector and
 

economy simultaneously.30 J. Bernard provided a detailed
 

28Clark C. Abt, "Design for an Education System
 
Cost-effectiveness Model," Efficiency in Resource Utiliza
tion in Education (Paris: OECD, 1969), pp. 65-91.
 

29Samuel Bowles, Planning Educational Systems for
 
Economic Growth (Cambridge: Harvard University Press,
 
1969).
 

30 Irma Adelman, "Linear Programming Model of Edu
cational Planning: A Case Study of Argentina," in The
 
Theory and Design of Economic Development, ed. by Irma
 
Adelman and Erik Thornbecke (Baltimore: John Hopkins, 1966),
 
pp. 385-412.
 

http:simultaneously.30
http:variables.29
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analysis of the problems involved and possible ways of
 

utilization in applying the linear programming model to
 

educational planning. 31
 

In recent years, there have been significant appli

cations of the linear programming technique to the decision
 

problems at micro level. These applications cover a wide
 

range of decision problems such as the following:
 

1. Allocation of a faculty among alternative teaching
 

and research assignments
 

2. Allocation of instructional resources to different
 

types of instructional activities
 

3. School menu problem
 

4. School bus scheduling
 

5. Selection of school site for a school district, etc.
 

Assumption of linearity of the objective function
 

and constraints, one-dimensional objective function, and
 

the method of describing the activities with constraints
 

which we hardly know to be optimal are frequently indicated
 

as sources of problems in applying linear programming tech

nique. For these reasons, the reviews of literature suggest
 

its application to the specific problems at micro level
 

rather than broad problems at macro level. 32 With no
 

3 1jean Benard, "General Optimization Model for the
 
Economy and Education," in Mathematical Models in Educa
tional Planning (Paris: OECD, 1967 , pp. 207-244.
 

32McNamara, 02. cit., p. 31.
 

http:level.32
http:planning.31
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question it would be better to apply the technique to the
 

problems which have well-defined technical relationships.
 

In dealing with multiple objectives, two different
 

types of models have been developed. The multiple-criterion
 

optimization model based on the weighted sum of the objec

tive function with cardinal measurement represents one line
 

of development, and the application of goal-programming
 

technique suggests another direction. These aspects were
 

reviewed in the section entitled goal programming.
 

In recent years, the Educational Systems and Plan

ning Center at Florida State University,.responding to the
 

need of an optimization model with which systems analysts
 

and educational administrators can communicate better and
 

the need to utilize planner's subjective trade-off consider

ations on educational programs, has contributed to a series
 

of developments in this area.
 

E. Harr.s developed a linear programming computer
 

program in the interactive mode3 3 and R. Singh developed a
 

dynamic programming computer program also in the interactive
 

mode.34 J. Gonzales modified and developed an interactive
 

computer program in simulating the planning problem of
 

33Edward V. Harris, "A Man-machine Interactive Oper
ations Research Package for Educational Administrators"
 
(Ph.D. Dissertation, Florida State University, 1971).
 

34Ram Singh, "A Dynamic Programming Model for
 
Allocation of Educational Resources" (Ph.D. Dissertation,
 
Florida State University, 1973).
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higher education in Columbia. 35
 

In the area of optimization based on subjective
 

information of the decision-makers on the problem which
 

F. W. Banghart described as the cost-utility approach,36
 

the center also contributed a significant development.
 

L. J. Tuscher developed a computer-based cost-utility optim

ization model and applied it to evaluation and resources
 

allocation of several competing educational programs with
 

multiple criteria.37 This optimization model has been ap

plied to several planning problems. D. Kramer applied it to
 

his computerized simulation model for developing educational
 

specifications.38 At macro level, P. Kraprayoon employed it
 

in developing a simulation model for resources allocation in
 

Thailand in the computerized graphic display mode.39
 

3 5Jose Gonzales, "A Simulation Model for Allocation
 
of Resources with the Higher Education Sub-system" (Ph.D.

Dissertation, Florida State University, 1972).
 

36Frank W. Banghart, Educational Systems Analysis
 
(London: The Macmillan Co., 1969), p. 208.
 

3 7Leroy J. Tuscher, "Cost-Utility Analysis: 
 An
 
Evaluation and Resource Allocation Model for Educational
 
Program" (Ph.D. Dissertation, Florida State University,
 
1971).
 

38Dennis L. Kramer, "A Systems Methodology for
 
Developing Educational Specifications Using a Computerized

Simulation Model" (Ph.D. Dissertation, Florida State
 
University, 1972).
 

39Pacharee Kraprayoon, "An Application of Computer
 
Technology and Graphic Display Techniques for Resources
 
Allocation Planning for Twelve Educational Districts in
 
Thailand" (Ph.D. Dissertation, Harvard University, 1974).
 

http:specifications.38
http:criteria.37
http:Columbia.35
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Section Two: Educational Planning in Korea
 

During the last decade, several planning projects
 

have been undertaken by the Ministry of Education (MOE).
 

Also, the Economic Planning Board (EPB) and the Ministry of
 

Science and Technology (MOST) have prepared a long range man

power forecast and provided guidelines for educational plan

ning. In recent years, two major planning efforts4 0 have
 

been initiated by MOE and the project team of the Florida
 

State University. This study has been interested in particu

larly these two planning efforts for several reasons: one,
 

they represent the planning techniques being currently em

ployed for educational planning in Korea. Second, they con

tained some administrative goals or targets to be achieved
 

in the near future and finally, they recommended the policy

alternative by which the way of using educational inputs
 

could be greatly affected in the future. Therefore, this
 

review was focused on introducing the planning techniques ap

plied, the administrative goals and policy alternatives for
 

managing educational inputs.
 

40Council of Long-range Educational Planning, Summary
 
of Long-Range Comprehensive Educational Plan (Seoul: Minis
try of Education, 1970) (draft); and Robert M. Morgan and
 
Clifton B. Chadwick (eds.), Systems Analysis for Educational
 
Change: the Republic of Korea (Tallahassee: Department of
 
Educational Research, Florida State University, 1971.).
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The CLEP's Forecasting Approach
 

Based on the long-range (1972-1.986) forecasting of
 

population, economy and selected aspects of social development,
 

CLEP had been more concerned with developing the long-range
 

guidelines for designing the future educational system which
 

was hoped to respond better to the needs of the nation with
 

greater efficiency than before. Under the optimistic fore

cast of future economy the CLEP formulated a set of basic
 

guidelines and identified several programs to be implemented
 

in the planning period. The guidelines seemed to indicate
 

basically two important directions; one, the increasing
 

trends of social demand for education has to be gradually
 

more satisfied than before, and second, the current learning
 

environment which could be characterized by "the shortage of
 

everything except students" 41 has to be gradually improved
 

up to the levels specified. More specifically, the follow

ing directions were included in the major policy recommenda

tion..
 

1. 	To expand compulsory education from the current six
 

years to nine years during the first part of the
 

planning period.
 

2. 	To increase enrollment in high school and college/
 

university at least at their present rate of growth.
 

41Philip H. Coombs, The World Educational Crisis: A
 
Systems Analysis (New York: Oxford University Press, 1968),
 
p. 	3.
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3. 	To improve the quality of teachers by several means
 

suggested in the report and reduce the teacher/
 

student ratio.
 

4. 	To provide more space per student, more learning
 

materials and use of instructional technology such
 

as programmed instruction and team-teaching.
 

The long range guidelines that CLEP proposed could
 

first, the future enbe summarized in three broad areas: 


rollment size should be increased in accordance with the
 

projected social demand for education. Second, more inputs
 

have to be allocated than before to gradually improve the
 

present learning environment. In this direction more empha

sis was given to the quality of teachers and application of
 

Finally, all the supportive
instructional technology. 


functions and input requirements should be prepared to imple

ment the guidelines recommended. Consequently, the increase
 

in size and improvement in qualitative aspects resulted in
 

the accelerated trend of increase in educational cost under
 

this plan.
 

CLEP developed a computerized forecasting model.
 

The financial feasibility of the plan was studied and sev-


They
eral input requirements were forecast with the model. 


also studied the impacts of certain policy or exogeneous
 

variables by assigning different values on the model. How

ever, the policy variables were not directly related to the
 

This approach, based on the
administrative goals explicitly. 
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forecasting model, belongs to the category of the planning
 

model without choice among the alternatives as in H. Correa's
 
42


classification.


The Project Team's Systems Approach
 

The project team of the Florida State University has
 

been more concerned with analyzing the present system in
 

terms of using the educational resources to meet the need of
 

the nation.
 

According to their analysis, the future educational
 

system could better respond to thei a needs if the reordering
 

of priorities assigned in expanding enrollment size among
 

the levels of education had been made and the learning out

comes on the part of students had been more oriented to basic
 

skills, a problem-solving approach, process objectives and
 

pre-occupational education. The importance of middle school
 

level of education were indicated by their analysis of the
 

manpower requirement forecast and the study of the rate of re

turn to investment in education conducted by the project team.
 

Except for the emphasis on middle school level and recon

sideration of the quality aspects of vocational high school,
 

the project team's proposal on enrollment increase is con

sidered to follow the direction recommended by CLEP.
 

4 2Hector Correa, "A Survey of Mathematical Models in
 
Educational Planning," in OECD, Mathematical Models in Edu
cational Planning (Paris: OECD, 1967), p. 22.
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However, it might be said that they paid more con

sideration to the following aspects of the present system
 

such as: (1)the rising trends of educational input cost,
 

especially o- teachers; (2) poor quality of present learn

ing outcome characterized with the rote memorization of
 

classically academic subjects for severe competitive en

trance examinations; (3) the need to expand the middle school
 

level of education as compulsory education and finally, (4)
 

the limited nature of financial resources available.
 

These considerations led them to the need to design
 

an alternative way of using educational inputs.
 

In designing the proposed new educational model the
 

project team implied three broad objectives to be achieved:
 

(1) to provide compulsory education up to middle school
 

level (nine years); (2) to increase efficiency of the edu

cational resources, and finally, (3) to improve the learning
 

outcomes such as the basic s':ills, problem-solving approach,
 

process objectives, and pre-occupational education. In order
 

to achieve these objectives, the team proposed a new educa

tional model. The following aspects indicate the main
 

characteristics of the proposal, especially for the second
 

and third objectives.
 

1. 	Introduction of an individualized instruction system
 

by means of
 

a) programmed instruction-learning package
 

b) differentiation of teaching staff
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c) 	use of instructional TV and Radio delivery
 

subsystem, and
 

2. 	Reorganization of the present vocational high school
 

in order to respond to the specific manpower need.
 

This proposal indicates a shift from current trends
 

of using educational inputs which have relied more on labor
 

to less use of labor with more aid from capital such as in

structional materials and media.
 

Under this proposal the possibility of reducing the
 

unit reducing cost per student was illustrated. In the
 

project team's study, the rates of return analysis and the
 

systems procedures were applied in designing the new system.
 

However, the technical feasibility and the effectiveness of
 

the new model are still subject to large-scale experimenta

tion, and a priori analysis of its effectiveness is in great
 

need.
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Section Three: Goal Programming
 

Since 1961, only a few introductions to goal
 

programming (GP) have been offered. In more recent years
 

goal programming has been applied to a wide range of
 

decision-making problems mainly in business and government
 

sectors. The concepts, history, mathematical properties,
 

major area of application and the limitation of GP were
 

examined.
 

Concept and Historical Development
 

GP is a special extension of linear programming (LP).
 

A good definition of GP has been offered by Lee.
 

Goal Programming is a linear mathematical model in which
 
the optimum attainment of goals is achieved within the
 
given decision environment.43
 

The concept of GP could be better described by listing some
 

characteristics of the approach, and comparing them to LP.
 

The following characteristics are derived from the two in

troductions of books by Lee and Ijiri. 44
 

1. 	GP deals with multiple objectives.
 

In the conventional LP, the objective function is
 

unidimensional; either to maximize or to minimize
 

the 	objective criterion.
 

4 3Sang M. Lee, Goal Programming for Decision
 
Analysis (Philadelphia: Auerbach Publishers, Inc., 1972),
 
p. 23.
 

44yuji Ijiri, Management Goals and Accounting for
 
Control (Chicago: Rand-McNally, 1963).
 

http:Ijiri.44
http:environment.43
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2. 	The objective function may be composed of non

homogeneous units of measure in GP. Therefore, it
 

is possible to handle incommensurable multiple ob

jectives without combining them.
 

3. 	In GP, these multiple, incommensurable goals are
 

ordered in accordance with a hierarchy of importance
 

so that the low-order goals are considered only
 

after the higher order goals are satisfied or have
 

reached the point beyond which no further improve

ment is possible.
 

4. 	Unlike LP which tries to maximize or minimize the
 

objective criterion, in GP the deviations between
 

goals and what can be achieved within the given
 

set of constraints are to be minimized to get optimum
 

results which come "as close as possible" to the in

dicated goals.
 

These "slack variables" in the simplex algorithm of LP have
 

a special meaning in GP. They indicate the unattained or
 

overattained portions in achievement of the specified goals.
 

In 1961, the concept described in (4) was first
 

proposed by Charnes and Cooper for the problem of unsolvable
 

linear programming. They explained:
 

Closely related to the analysis of contributions in
 
nonsolvable problems is the issue which will be called
 
'goal attainment.' Management sometimes sets such
 
goals, even when they are unattainable within the limit
 
of available resources for a variety of reasons. .. 
Any 	constraint incorporated in the functional will be
 
called a 'goal.' Whether goals are attainable or not,
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an objective may then be stated on which optimization
 
gives a result which comes "as close as possible" to
 
the indicated goals.

45
 

They also presented the simplex method for goal attainment
 

problems.
 

In 1965, Y. Ijiri studied the detailed techniques
 

bf GP based on the concept proposed by Charnes and Cooper.
 

He made a significant contribution to the development of
 

GP by introducing the concept of "preemptive priority fac

tors" to treat multiple goals according to their importance,
 

assigning weight to the goals of the same priority level.
 

The first three concepts were developed in Ijiri's analyti

cal frameworks. He also developed the generalized inverse
 

approach as well as enriched the concept of GP. After
 

Ijiri's study, GP developed in two different directions, in
 

terms of dealing with the measurement of multiple goals.
 

Jaaskelainen and Lee developed a computer program of
 

the simplex method of goal programming based on the ordinal
 

measure of multiple goals and "preemptive priority factors."
 

Here, preemptive priority factor simply means that the order
 

of goals cannot be changed by any arithmetic operations.
 

In recent years, A. Geofflin, A. Feinberg and J.
 

Dyer developed an interactive goal programming algorithm
 

and an interactive time-sharing computer program based on
 

4 5A. Charnes, W. W. Cooper, Management Models and
 
Industrial Applications of Linear Programming (New York:
 
John Wiley & Sons, Inc., 1961), pp. 215-216.
 

http:goals.45
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the Frank-Wolfe algorithm for the optimization of a non

linear objective function subject to linear constraints.4 6
 

This process requires the cardinal measure of the marginal
 

rate of substitution (or "tradeoffs") among criteria.4 7
 

The latter direction of development is technically
 

decent, but is considered a significant departure from the
 

basic concepts of GP developed by Charnes, Cooper and Ijiri
 

in dealing with the measurement of multiple criteria.
 

In this section, the GP approach based on ordinal
 

measures of objective criteria and the simplex method of
 

GP were traced and applied for formulating the GP model ap

pearing in the next chapter. This is mainly due to the con

ceptual closeness of ordinal measure to real decision prob

lems and the availability of a computer program of the
 

simplex method.
 

Mathematical Properties of GP
 

The basic components of the GP model are the choice
 

variable, constraints, and the objective functions. The
 

identification of these components depends on the problem
 

situation. However, the relationship among them has to be
 

well described mathematically.
 

46James S. Dyer, "Interactive Goal Programming,"
 
Management Science, 19 (September, 1973), pp. B, 62-70.
 

47James S. Dyer, "A Time-Sharing Computer Program
 
for the Solution of Multiple Criteria Problem," Management
 
Science, Vol. 19 (August, 1973), p. B.1379.
 

http:criteria.47
http:constraints.46
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In the case involving the attainment of
 

1. a given set of m goals
 

2. in k levels of priority
 

3. is assumed to be linearly related to m goal variables, G
 

4. by a set of n choice variables x,
 

5. under the h linear constraints B, on the choice variables,
 

the general GP problem can be expressed mathematically as
 

G = f(X) = RX 

AX AsB 0.000000.(i) 

x >0 

where G is of dimension (mxl), X is (nxl), R is
 

(xxn), A is (hxn) and B is (hxl).
 

The corresponding goal programming model is
 

Minimize Z = oP(d-,d ) 

Subject to Rx + Id - Id+ = G 

Ax, B (2) 

x,d-,d+ @ 0
 

where a is a weighting factor, a real number, P is
 

(kxl) of priorities, d is deviational variables of (2m x 1).
 

I is an (mnum) identity matrix. Further, in order to resolve
 

+
the ambiguity of a possible infinite combination of (d - d-), 

the necessary condition for optimality 

d'+*d =0 (3)

J.i
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should be satisfied.48 This can be achieved by using the
 

simplex algorithm; since the coefficient vectors of di+
 

and di- are linearly dependent or complementary to each
 

other, they cannot appear together in the same basic feasible
 
4 9


solution.


Ijiri also provided the different forms of GP model
 

formulation under different situations as follows: 50
 

1. Single goal with multiple subgoals
 

2. constraints on subgoals
 

3. multiple goals
 

Single goal with multiple subgoals. When a goal,
 

G, can be achieved by obtaining a set of subgoals X, the
 

goal problem is formulated as (4).
 

G = f(X) = RX 
(4)


x 0
 

where R is (lxn), X is (nxl).
 

The corresponding goal programming is
 

4 8Ijiri, 2 . cit., pp. 35-36.
 
4 9james S. Courtney and others, "A Goal Programming


Approach to Urban-Suburban location preferences," Management

Science, 18 (February, 1972), p. B-260.
 

50 Ijiri, op. cit., Ip. 34-50.
 

http:satisfied.48
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Minimize Z = (d- + d+)
 

Subject to RX + d--d+ G (5)
 

X, d-,d, 0
 

If there exists a solution for (5), the objective function
 

always derives the value of d- and d+ to zero. Then G
 

will be achieved at the value of X. In this case, there
 

will be an infinite number of "convex combinations" of the
 

choice variables that will achieve G.
 

Subgoal constraints. When additional constraints (h)
 

are imposed on the subgoal X, the problem has more equations
 

in addition to (4).
 

AX B (6)
 

where A is (hxh), B is (hxl). Then this situation is
 

modeled in which either the goal is attained under the sub

goal constraints or the minimization process produces a X
 

vector which satisfied all subgoal constraints in such a
 

way to come as close as possible to the goal G. The goal
 

programming model becomes
 

minimize Z = d- + d+
 

subject to RX + d- - d+ = G
 

AX <B (7)
 

X, d-1 d+ 0
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Multiple goals. In the case that there are m goals
 

expressed by the m component column vector of G,
 

(Gl, G2, . . G and these goals can be attained by a 

linear combination of n choice variables represented by n 

component column vectors of x, (x1, . . Xn), 

then the problem is stated as follows:
 

RX= G
 
(8)
 

where R is (mxn), X is (nxl) and G is (mxl). Assuming that
 

a solution exists for (8), the corresponding GP model is
 

formulated in (9):
 

- edi +
edi
minimize Z = 


Subject to RX + Id- - Id+ = G (9)
 

•X, di-, di + > 0 

where e is a m component row vector whose elements are all
 

equal to 1, d- and d+ are m component column vectors and I
 

is the m dimensional identity matrix.
 

The unique characteristics of GP modeling is de

rived from its method of defining the objective function.
 

There are at least three important procedures for formulating
 

the objective function. They are:
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1. 	To identify the goal functional, i.e., what de

viational varaibles should be included in the
 

objective function?
 

2. 	To rank those deviational variables in the order
 

of importance.
 

3. 	To assign different weights (A) to the deviational
 

variables in the same level of importance, to mini

mize the sum of regret or opportunity cost on one
 

unit of unsatisfactory deviation from the goal level.
 

In identifying the goal functional, Ijiri specified eight
 

variations of GP functional for different types of decision
 

problems. 51 Among them five feasible variations are as
 

follows: given that the goal attainment problem is formu

lated by (10) as a case which combines (6) and (8),
 

RX t d- - d+ =G 

AX B 
(10) 

1. 	Minimization of (d- + d+)
 

The solution obtained minimizes I RX - G I" This
 

process will search for the X which achieves exactly
 

RX = G as closely as possible.
 

If RX ? G, then d- = 0 and d+ = RX - G, while 

if RX <G, then d+ = 0 and d- = G RX 

If RX G, then d" = d+ = 0 

51IJiri, op. cit., p. 40.
 

http:problems.51
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Regardless of whether RX > G or RX < G, this process
 

searches for the X which minimizes d- or d+ , whichever is
 

larger.
 

2. 	Minimization of d+
 

This process will identify for X's which make
 

+
RX > G (d = 0) satisfying AX 4 B, if the solution 

exists. If this process cannot minimize d+ to zero, 

the solution consists of all X's which minimize 

[RX 	- G] (d+ = RX - G > 0) as fully as possible. 

3. 	Minimization of d
 

The solution set consists of all X's which make RX < G
 

(d = 0) satisfying AX = B, provided that such a solution 

exists. Otherwise the solution set will minimize G - RX 

(d = G - RX > 0) to the extent possible. 

4. 	Minimization of [d- - d+]
 

The effect of this functional is to minimize G - RX or
 

maximize RX. Let d = d- - d+, then RX + d = G. Mini

mizing (d = G - RX) is the same as maximizing RX because
 

G is constant. This process will produce the same effect
 

as the minimization of d+.
 

+
5. 	Minimization of (d - d-] 

Let d = d+ - d-, then RX -d = G or d = RX - G. Mini

mizing d is the same as to minimize RX. 
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These five feasible variations of the GP functional
 

are summarized in Table 2. For the case of incompatible
 

multiple goals the ordering of goals are necessary.
 

Ijiri explains:
 

S. .that is. we first order these incompatible multiple 
goals so that goals in a lower rank are satisfied only
 
after those in a higher rank are satisfied or have
 
reached the point beyond which no improvements are
 
possible under the given constraints.

52
 

In ordering,the multiple incompatible goals, "the
 

preemptive priority factor" is assigned to each deviational
 

variable. These preemptive priority factors, P,J
 

(j=l, . . . k) have the relationship of Pj.,. >>> P
 

(j=1 . . . k-l) which means that no number n, however 

large, can make (n J* P.) greater than or equal to (Pj+I)•
 

To assign different weights () to the commensurable goals,
 

Ijiri presents the following prescription:
 

Postpone weighting by giving an equal weight to each
 
variable on the same order group and then solve the
 
problem. If all di is zero, we don't have to worry
 
about it. If any of d. is positive, we have to do
 
careful analvsis of the problem situation and define
 
the weights.5 3
 

As a conclusion of the mathematical expression of the
 

GP model, the general GP model can be expressed as follows:
 

Assuming that we have m goals, k levels in the
 

preemptive priority factors,
 

52Ibid., p. 46.
 

53Ibid., pp. 47-48.
 

http:weights.53
http:constraints.52


TABLE 2.--Variations of -Goal Programming Functional 

Choice of X 
GP Functional Accord With Resulting Value of d+ and d

1. Minimize [d- + d+ ] minimize J Rx - G d+ = RX -G,d-
+ 

= 0 if RX ; G 

d- = G-Rx,d = 0 if RX < G 

d- = d+ = 0 if RX = G 

2. Minimize d+ minimize [RX - GI d+ = 0 if possible or 

in as far as RX > G min. (d+00) if not. The same , 

as max. RX as in (4) 

3. Minimize d- minimize [G - RX] d- = 0 if possible or 

in as far as RX < G min. (d--0), if not. The 

same as min. RX as in (5) 

4. Minimize [d- - d+] maximize RX [d- - d+ ] - G - RX 

5. Minimize [-d- + d+ ] minimize RX [-d- + d+] - RX - G 
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1. Coefficients (C) in GP goal functional consists
 

of a combination of preemptive priority factors (Pj1) for
 

ordering and the factors (( .1) for weighting. Let C be a
 

2 m component row vector whose elements are the product of
 

P and o at a given priority level j.
 

,
C (d . . .j (11)1 Pjl12mPj2m) 


where d j's (j = 1,2m) are real numbers and Pji (J = l,k)
 

are preemptive priority factors with highest priority Pk'
 

2. Let d be a 2 m component column vector whose
 

elements are d- and d+, i.e.,
 
+ 

d = lI * dm dlI +) (12)d = (d , • • • d , d1 ,. . . dm ) (2 

3. Then GP model becomes 

Minimize Z = Cd 

Subject to RX + Pd = G (13) 

X, d >,, 0 

where R is (mxn), P is (mx2m) and G is (mxl). Here C is
 

(kx2m) and d is (2m xl)
 

4. When we have a set of constraints on subgoals
 

such as the equation in (6); Ax4B, then the GP model is
 

formulated as in (14)
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Minimize Z = Cd 

Subject to RX + Pd = G 

AX B (14) 

X,d 0
 

5. It is worthwhile to note that [AX*B] can be
 

included in the matrix of RX + Pd = G in the form of
 

AX + d- - d+ =B (15)
 

with the highest preemptive priority factors attached to
 

the variables d+ . Equation (15) is very .helpful for deal

ing with systems constraints in GP model.
 

In the mathematical formulation of GP, the differ

ence between goals and the system's constraints is made
 

only in the assignment of the preemptive priority factors
 

as explained above. Therefore, equation (13) can be used
 

as the general form of the GP model.
 

The major steps in the simplex procedures of GP
 

are illustrated in Figure 2.
 

In the simplex method of GP, the criterion (Zj-Cj)
 

is expressed as a matrix of priority levels and deviational
 

The basic idea of
variables rather than a row as in LP. 


the GP simplex method is to apply the simplex method of LP
 

from the top level of priority to the lowest level. This
 

process is done by keeping the rule that even though there
 

is a positive element at a lower priority level in (ZJ-CJ),
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Fig. 2.--Flow Chart of the Simplex Procedures of
 

Goal Programming
 

Source: S. M. Lee, p. 106.
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then the variables in that column cannot be introduced into
 

the solution base as long as there is a negative element at
 

a higher priority level.
54
 

The final table of (Zj-Ci) matrix of GP, showing
 

these conflicts among the variables, provide valuable in

formation about the conflicts among the goal structures. In
 

other words, this shows that a goal can only be achieved at
 

the expense of other goals.
 

Within the limit of this rule, all the criteria of
 

the simplex method of LP are applied exactly in the same
 

way.
 

Applications of Goal Prograrnming
 

The first application of GP was suggested in 1968 by
55
 

Charnes and others for advertising media planning. In re

cent years GP has been applied to a wide range of decision
 

Most of the studies had been directed to solve
problems. 


the decision problems in micro-organizational settings such
 

as production planning for a plant, academic resource alloca

tion for a department in a university, medical care planning
 

for a hospital.
56
 

54The simplex method of GP is well introduced in
 

S. M. Lee, pp. 97-120.
 
55A. Charnes, W. W. Cooper, et al., "A Goal Program

ming Model for Media Planning," Management Science, 14
 
(April, 1968), 423-430.
 

5 6For exaTple, Sang M. Lee and E. R. Clayton, "A
 

Goal Programming Model for Academic Resource Allocation,"
 
Management Science, 18 (April, 1972), pp.
 

http:hospital.56
http:level.54
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For the operational planning of non-profit organiza

tion such as in public administration, E. Pitkanen applied
 

GP to public expenditure decision problems. He showed that
 

GP is a promising analytical method for fitting objectives
 

together and can be made to correspond closely to the ad

ministrative decision-making process.57
 

For the purpose of macro level national planning,
 

A. Charnes and others suggested the application of GP for
 

social development planning and developed a prototype model
 

for a hypothetical setting.
5 8
 

In this direction, J. Courtney and others used GP
 

for policy simulation in urban planning.59 A. Charnes and
 

others developed a GP model to deal with multi-dimensional
 

social goals or a national basis and to relate these to each
 

other in the context of the national economic system. 60
 

57V. Jaaskelainer, "A Goal Programming Model of
 
Aggregate Production Planning," Swedish Journal of Economics,
 
71 (1969), pp. 14-29.
 

Some applications are described with detail in
 
Sang M. Lee, Good Programming and Decision Analysis (Phil
adelphia: Auerbach Publishers, Inc., 1972), pp. 191-350.
 

58A. Charnes, M. Jill Kirby and A. S. Walters,
 
"Horizon Models for Social Development," Management Science,

17 (December, 1970), pp. B.165-177.
 

5 9 j. F. Courtney; T. D. Klastorin and T. W. Ruefli, 
"A Goal Programming Approach to Urban-Suburban Location 
Preference," Management Science, 18 (February, 1972), pp. 
B258-268. 

60A Charnes, C. Colanton, W. Cooper and K. Kortanek,
 
"A Model to Study Revenue Sharing and Account for Regional
ized Economic Activity and Social Goals," Management Science,

19 (June, 1973), pp. B-1189-1208.
 

http:system.60
http:planning.59
http:setting.58
http:process.57
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In reviewing the application of GP, Lee indicated
 

three types of performance of the GP model and its major
 

areas of application.61 According to Lee, the GP model
 

performs the following tasks:
 

1. 	To determine the input requirements to achieve a
 

set of goals
 

2. 	To determine the degree of attainment of defined
 

goals with given resources, and
 

3. 	To provide the optimal solution under the varying
 

input and goal structures
 

These performances could well serve the following types of
 

problems:
 

1. 	Allocation problems
 

2. 	Planning and scheduling problems
 

3. Policy Analysis
 

Lee also concluded that "the most important advantage of GP
 

is its great flexibility, which allows model simulation with
 

numerous variations of constraints and goal priorities. ,6 2
 

Limitations of Goal Programming
 

Despite the closeness of the conceptual framework of
 

GP to real decision situations, the GP approach is limited
 

in its application, mainly due to its technical inferiority.
 

61S. M. Lee, op. cit., pp. 30-31.
 

621id., p. 31.
 

http:application.61
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There are two types of limitation of GP. One is
 

attributable to the underlying assumptions of LP technique
 

in general and the other is due to the technical underde

velopment of GP itself. 
For the first type of limitation,
 

there are at least four considerations, as follows:
 

1.. The objective function and constraint should be
 

linear.
 

2. Activities should be additive in the objective
 

function and constraints (no interaction possible).
 

3. The value of choice variable should be divisible.
 

4. The model coefficient should be determined or given
 

as constraint.63
 

According to Lee's assessment of the current state of de

velopment in GP, 64 nonlinear and integer programming are not
 

developed yet, although in some cases progress is being made.
 

For instance, B. Contini developed a stochastic approach to
 

goal programming based on the generalized inverse method
 

proposed by Ijiri. 65 
 In addition to these limitations, the
 
dual solution is not developed in the simplex method of GP.
 

However, in LP these limitations have been overcome
 

by using particular variations of LP such as nonlinear,
 

6 3F. Hiller and G. Lieberman, Introduction to Opera
tions Research (San Francisco: Holden-Day, Inc., 1967), 
pp.

135-138.
 

64S. M. Lee, op. cit., pp. 185-186.
 

65B. Contini, "A Stochastic Approach to Goal Programming," Oerations Research, 16 (May/June, 1968), pp. 576-586.
 

http:Ijiri.65
http:constraint.63
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integer and stochastic programming. The dual solution is
 

also possible in LP.
 

Despite these limitations involved in GP, the con

ceptual closeness of GP to real decision situations can be
 

the major source of justification of applying this approach
 

at the expense of technical inferiority.
 

For the justification of applying GP in this study,
 

the following considerations are assumed to be a valid de

scription of the problem situation with which this study
 

deals.
 

1. "Multiple goals are created as an approximation for
 

a single 'real' goal that can hardly be measured in
 

'66 
practice." In this context, planning can be
 

viewed as "a process of decomposing given manage

ment goals into a set of subgoals [means] which are
 

more operational and controllable by management or
 

their subordinates than goals.",
67
 

2. "The compression of multiple, uncommensurable goals
 

into a single, composite one reduces their informa

68
tion content."e Without proper measurement of
 

66j, S. Emery, Organizational Planning and Control
 
Systems; Theory and Technology (New York: The Macmillan
 
Co., 1969), p. 115.
 

671jiri, op. cit., p. 5.
 

68J. S. Emery, op. cit., p. 115.
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utility and methodology to develop a utility function,
 

this process, as E. Bartee indicated,
 

may lead either to fabricate and distort the
 
measurement of utility or ignore some of the more
 
significant problems that are to confront man in
 
the future.6
 

3. 	The primary purpose of planning is to formulate and
 

decide on alternative sets of goals and to design
 

the policy for the attainment of given sets of goals.
 

For this purpose it is vital to generate the information on
 

the relationships among goal-priority structure, policy,
 

constraints and the degree of goal-attainment. This can be
 

achieved by goal programming.
 

69E. M. Bartee, "Problem Solving with Ordinal
 
Measurement," Management Science, 17 (June, 1971),
 
pp. B623-625.
 



CHAPTER III
 

PROCEDURES AND METHOD
 

The purpose of this chapter was fourfold. The first
 

part was concerned with the development of.the conceptual
 

framework of a policy simulation model based on a goal pro

gramming approach. In the second part, the components of the
 

framework (i.e., goals, goal functions, the constraints of
 

the system and policy alternatives) were defined. The third
 

part was concerned with the development of a goal program

ming model. Finally, the computer program was developed to
 

compute the input information for the goal programming model.
 

This program was also used for forecasting the various in

dices such as the cost/benefit, teacher/student, classroom/
 

student ratios and the distribution of students, and finan

cial resources requirements in the educational system when
 

the solution was assumed to be implemented.
 

Section One: Conceptual Framework
 

In order to construct a simulation model for evalu

ating the policy alternatives to achieve the specified ad

ministrative goals, the policy planning process is viewed as
 

an information processing system. The combination of
 

53
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conceptualizing the policy planning process as an information
 

processing system and applying the mathematical programming
 

model to the system will facilitate the tool of policy
 

planning.
 

J. Tinbergen's policy planning model as reviewed in
 

Chapter 	II shows a method for devising a policy planning
 

His framework consists of policy variables, unframework. 


controllable variables as exogeneous variables, and the goal
 

or target variables, side effects or irrelevant variables
 

as endogeneous variables. These variables are related to

gether on the model which quantifies the.relationship. For
 

optimization purposes the welfare function is introduced.
 

The model of a cybernetic system
70 suggests an in

formation flow within any cybernetic system which is
 

structured with input, output, sensing mechanism, control
 

unit and effecting mechanism.
 

R. Amara proposed a cybernetic policy formation
 

framework which indicates the values, goals, attainment
 

level and policies as inputs. In his framework, these in

puts have to be converted to the output which are reflected
 

on the social indicators.
7 1
 

70William A. Shrode and Dan Voich, Jr., Organization
 

and Management (Homewood: Richard D. Irwin, Inc., 1974),
 
p. 430.
 

71Roy C. Amara, "Toward a Framework for National
 

Goals and Policy Research," Policy Science, 3 (1972), pp.
 

59-69.
 

http:indicators.71
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Following these lines of consideration, the policy
 

planning framework as an information processing system was
 

conceptualized as illustrated in Figure 3.
 

INPUT (Information) 


I. Uncontrollable 

(constraints, 

uncertainty)
 

2. Parameters of 

ed. system
 

3. Controllable
 
(Policy, goals) 

control 


PROCESSOR 


Decision-making 

subsystem:
 

Goal programming
 
model
 

EVALUATION 


Group of 

decision-

makers 


CRITERIA:
 

(Perceived
 
value, goals
 
attainment
 
level)
 

OUTPUT (Solution)
 

Solution:
 

S ENS ORS UBSYS TEM] 

Commun[cation
 

INDICATORS
 

Analysis of the
 
implication of
 
the solution
 

Fig. 3.--Conceptual Model of Policy Planning
 

Process as an Information Processing System
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In this system, six elements are related to each
 

other in the following manner:
 

1. Input: This is information for policy planning.
 

Two types of information were considered. The first involves
 

the information regarding the exogeneous variables of the
 

educational system which are beyond the control of the edu

catioial decision-maker. The second involves the information
 

regarding the administrative goals, their priorities and
 

policy alternatives perceived by the educational decision

maker to be required to manage the educational system.
 

2. Decision-making process: This process generates the
 

optimal solution to achieve the given goals under the defined
 

constraints. This process simulates the factors relevant to
 

the decision-making process under the goal programming model.
 

It is assumed that this process is intentionally rational and
 

technically deterministic.
 

3. Output: The output is the information derived from
 

the optimal solution generated by the decision-making process
 

assumed to be simulated by the goal programming model. This
 

output is fed to the sensor subsystem.
 

4. Sensor subsystem: This subsystem is designed to
 

analyze the implication of the output in some aspects that
 

the policy planners might be concerned with; for instance,
 

resource requirement, goal attainment level, pattern of
 

resource allocation or efficiency of the resource used, de

pending on the problem situation. The outcome of this
 

sensor subsystem was called Indicators.
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5. Evaluation: The outcome of the sensor subsystem
 

will be fed to the evaluation subsystem where a group of
 

policy planners can compare the implication of the optimal
 

solution to the predetermined criteria in managing the edu

cational system. If the solution is not satisfactory they
 

can feed back this analysis and try another set of informa

tion on the controllable variables. When the policy plan

ners want to test the significance of the variation from
 

the specified level of the exogeneous variables, they can
 

do this by trying another set of information on the uncon

trollable variables.
 

6. Predetermined criteria: This is a set of criteria
 

that the policy planner might perceive as important objectives
 

for managing the educational syste..
 

The following considerations are taken to justify
 

this conceptual model.
 

1. Policy planning is not a one-shot trial. It is
 

a continuing process tc search for the better solution
 
,72
 

"incrementally.
 

2. In the searching process, the satisfying criteria
 

are applied rather than the optimizing criteria only.
 

72C. Lindbloom, "The Science of 'Muddling Through',
 

Public Administrative Review (Spring, 1959), pp. 79-88.
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Because of the nature of "bounded rationality,"7 3 the
 

forecasting of some other variables are also needed in
 

addition to the optimizing process.
 

3. It is assumed that as more information on the
 

impacts on certain aspects of the policy become available,
 

the better the search process will be.
 

4. In developing the policy planning system, it is
 

advisable to facilitate the man-machine interactive mode
 

where human judgment can be entered as input in the
 

computer-based planning model.
 

Section Two: Identification of Input

Information: Goals, Policy and
 

Uncontrollable Variables
 

In this section goals, policy alternatives and the
 

uncontrollable variables were identified and defined for
 

numerical illustration. This identification process will
 

take several forms in the real planning situation. However,
 

it is assumed that a set of goals and policy alternatives
 

are given to the policy planning unit.
 

Goals:
 

Seven goals were taken from the two planning reports
 

reviewed in chapter two. The following criteria were applied
 

to choose these goals from the reports:
 

73H. A. Simon, "Theories of Decision-Making in
 
Economics and Behavioral Science," The American Economic
 
Review, XLIX (June, 1959).
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1. 	The goal should be operationally defined. Other

wise it cannot be handled in the mathematical model.
 

2. 	The goal should represent the external relationships
 

between the educational system and the environment.
 

3. 	The goals should also represent the internal relation

ships between the educational input and output.
 

The rationale for applying the criteria (2) and (3)
 

is based on the notion that the educational system can be
 

made more productive by improving its external productivity
 

and internal efficiency.
 

These seven goals are listed below:
 

1. 	To maximize the economic benefits of social invest

ment in education.
 

2. 	To meet the social demand for education to high
 

schools and colleges and universities.
 

3. 	To extend compulsory schooling from the current
 

six years to nine years of education, in terms of
 

increasing the rate of entry to middle school.
 

4. 	To improve the teacher's salary.
 

5. and 6. To improve instruction by changing
 

(1) teacher-students ratio and (2) classroom

students ratio.
 

7. 	To increase the instructional budget for facilita

ting educational technology such as programmed in

struction and instructional TV and radio.
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1. Economic goal: The maximization of economic
 

benefits of social investment in education is called the
 

economic goal. The social investment (c) consists of two
 

major parts: the direct public and private expenditure on
 

education (C1) such as tuition and the government's subsidies
 

to education and the opportunity costs foregone by society (C2).
 

The opportunity costs are the earnings foregone by the stu

dents who are in the educational system. The economic bene

fits of social investment are defined as the net present
 

value of marginal benefits incurred by getting that level
 

of education (NPB). The NPB is defined by [3.1].
 

NPB(J)= [(E Ek.1)*l r)-i Z-	 (+ - (C)*(1 + 
i=m+l 	 k=l j
 

*Alpha (j) ---(3.1)
 

Where NPB(j) : net present value of marginal benefit
 

of j level of education.
 

Ei : Earning stream of those who got j level
j
 
of education at age i
 

r : Social discount rate
 

mj 	 : the no. of school years in j level of
 

education
 

k : direct cost oi education in j level in
Cj
 

year i
 

Alpha (j) s the coefficiant of contribution of j
 

level of education to earning power.
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Theoretically, the goal of maximizing net present
 

value of marginal benefit of education is the same as con

tinuing the investment in education up to the point where
 

NPB becomes zero. This relationship is well explained in
 

human capital theory.
74
 

Figure 4 explains this relationship. As long as
 

the curve mei is above the mcf, we can increase NPB. Beyond
 

the point E, NPB will be decreased. The point a indicates
 

the case of constant discount rate over the different level
 

of investment.
 

mei
 
mcf mcf
 

- - -- mcf (constant case)
 
I i 

I i 
I I 

K* K1 Amount in Investment
 

Fig. 4.--Relationships Among the Marginal Efficiency
 
of Investment (mei), Marginal Cost of Funding (mcf) and the
 
Optimal Amount of Investment.
 

7 4Gary S. Becker and Barry R. Chiswick, "The
 
Economics of Education: Education and the Distribution of
 
Earning," American Economic Review, 56 (May, 1966), 358-369.
 

http:theory.74
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By trying to achieve the economic goal the re

sources will be allocated up to the point k* as far as
 

possible through the levels of education, subject to the
 

constraints imposed on the system. The economic goal is
 

defined as 	follows:
 

T J 
Max Z= L F[Nr-B (j) * X (j It) I (3.2) 

where X (j,t): No. of students in j level of
 

education in ydar t.
 

NPB's by level are assumed to be constant over
 

time during the planning period.
 

2. Goal for social demand for education: The goal
 

to increase the rate of entry to high schools, and colleges
 

and universities is considered to reflect the view of social
 

demand for education. This goal is defined as follows:
 

gl,t) [ X ( g * Pr(t) 	 (3.3) 

For J - indicate high school and college and university. 

For t = , . ... , T 

Where Xj : 	The no. of new entering students for j - th.
 

level of education in year t. 1 indicates
 

the first grade.
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The no. of students graduated from the j-l
 

level. of education which is the feeder to j
 

level of education. g indicates the graduates.
 

pt) : The entry rate to the j level of education. 

T : The last year in planning period.
 

3. Goal of the extension of compulsory schooling
 

from present six years to nine years: More than 95 percen

tage of the corresponding school age population has been
 

enrolled in elementary school since 1961. The goal is to
 

increase the entering rate of elementary school graduates
 

to middle school from 72 percent in 1973 up to at least 80
 

percent by 1978. This goal is defined in equation (3.4).
 

Xlot >[ ' * rs(t)] - - - -(3.4) 

Where Xl't : No. of students who are entering
m 

the first grade of middle school
 

in year t
 

Xg 't  
 : No. of 	graduates from elementary
 
E
 

school in year t.
 

rs(t) : 	Goal level in terms of the rate of
 

entry of elementary school graudates
 

to middle school.
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The goal levels of improving the average teacher's
 

salary, providing appropriate number of teachers and class

rooms and improving the share for instructional budget in
 

the recurring cost were specifically defined by the educa

tional input policy. The educational input policy was de

scribed in the next section.
 

4. Goal of improving the average teacher's salary:
 

This goal will be operationally defined by specifying the
 

policy regarding the average salary level in the base year
 

and the annual rate of increase.
 

ATS (j,t) = ATS (jl)* [1 + ra (j)]t (3.5) 

Where ATS (jt): Average teachers' salary at
 

j school level in year t
 

ra(j) : Annual rate of increase in
 

j school level
 

These specified average salary levels and annual
 

rates of increase are considered as part of the policy

alternatives. When the conditions expressed in (3.6) are
 

satisfied this goal will be evaluated to be achieved.
 

r [ATSdJt)* Y (jet)J Bst(3.6) 

Jol
 

For t = 1 . . . ., T 

Where Y (jt) : No. of teachers in j school level 

in t year. 
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Bs (t) : 	Budget limit assigned to
 

teacher's salary. This budget
 

limit will be internally de

termined in the solution process.
 

5. and 6. Goal of improving the teacher-student
 

ratios and the classroom student ratios to the desirable
 

level: The desirable level of these ratios will depend on
 

the instructional technology to be applied. 
Equation (3.8)
 

defines these goals. 
These goals simply state that the
 

requirement of teachers and classroom specified by policy
 

such as Ts, Tc should be met.
 

For j=l, . . ., j , t=l, . . T 

Where Y(j,t) : defined in (3.6) 

Fc(j,t) : No. of classrooms available in j 

school level in year t. 

X(Jt) : No. of students in j school level in 

year t.
 

Ts(j,t) : No. of students per teacher.
 

Tc(j,t) : 
No. of students per classroom.
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7. Goal of improving the share for instructional
 

budget in the recurring cost: The recurring cost is assumed
 

to consist of two major parts: teachers' salaries and cost
 

for instruction. The cost of maintenance and operation of
 

the school buildings is considered as part of the facility
 

cost. This goal is defined by specifying the ratio (PI) of
 

instruction cost to the teachers' salary.
 

Let PI = (Instructional cost/teachers' salary), then
 

this goal is considered to be achieved when equation (3.8)
 

is satisfied.
 

E: [ [(ATS(j,t) * Y(j,t)] ]*[i. + PI(it)]] Br(t) (3.8) 

j=J. 

Where ATS, Y are defined in (3.6) 

PI(j,t) : The ratio of instructional cost 

to teachers' salary in j school 

level and t year.
 

Br(t) : Budget limit assigned to recurring
 

cost in year t.
 

The level of PI will be made by target-setting and
 

be given as a component of policy-alternatives.
 

So far, seven goals are defined by specifying the
 

policy alternatives related to the goals. Table 3 summarizes
 

this relationship.
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TABLE 3.--Summary of the Goals and Policy Alternatives
 

Components of Policy Altern-

Goal atives Defining the Goals 


1. Economic a) salary level (ATS)

Max., 

NPB 	 b) annual rate of increase 


(Ra)
 

c) teacher-students ratio (Ts) 


d) ratio of instructional
 
budget to teachers' salary 


2. Social 

demand 


3. Extension of 

compulsory schooling 


4. Improving a) average salary level 

the 


(ATS) 


teachers' 
salary 

b) annual rate of increase (Ra) 

5. Improving 
teacher-
students 

a) desirable level of teacher/ 
students ratio (Ts) 

ratio and 
class-
room/ 

b) level of classroom/students
ratio (Tc) 

students 
ratio 

6. Improving 
the in-

a) average salary level (ATS) 

struction- b) ratio of instructional 

al cost cost to teachers' salary


(PI) 

Other Factors
 
Related
 

a) life time
 
income
 
stream (E)
 

b) social dis
count rate
 
(r)
 

c) cost stream
 
(C) 

d) ALPHA (cA) 

a) target rate
 
of entering
 
to upper
 
school level
 
(Pr)
 

a) target level
 
of entering
 
rate (rs)
 

a) budget limit
 
assigned to
 
teachers'
 
salary (Bs)
 

a) No. of
 
teachers
 
available (Y)
 

b) No. of class
rooms avail
able (Fc)
 

a) Budget limit
 
assigned to
 
recurring
 
cost (Br)
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Policy Alternatives
 

In the policy area of how to manage the educational
 

inputs (teacher, classroom, financial resources) to achieve
 

the 	administrative goals of a national educational system,
 

two 	policy alternatives were chosen from the two planning
 

reports reviewed in Chapter II.
 

It 	should be noted that these two policy alternatives
 

are not the policy directives recommended by the reports.
 

These alternatives represent only one aspect of the set of
 

recommendations of the reports. For the purpose of numeri

cal illustration two policy alternatives were defined by the
 

researcher.
 

The educational input policy was defined and formu

lated by specifying four components:
 

1. 	Student/teacher ratio
 

2. 	Average teachers' salary
 

3. 	Students per classroom
 

4. 	Allocation of the financial resources to the
 

instructional materials and equipment.
 

One policy alternative was called "labor policy"
 

which was characterized by the intensive use of more
 

teachers paid less than in the case of the other policy,
 

named "capital policy." These two policies were compared
 

to each other in Table 4.
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TABLE 4.--Comparison of Labor Policy to Capital Policy
 

Components of Educational 
 Labor Capital

Input Policy Alternatives Policy Policy
 

No. students per teacher 
 less more
 

Average teacher's salary 
 lower higher
 

Space per student 
 smaller larger
 

Expenditure for instructional
 
materials and equipment 
 less more
 

In the case of capital policy compared to that of labor
 

policy, a team of teachers will convey more to students with
 

the aid of more instructional materials and equipment in the
 

larger space. 
 They will be involved in more professional
 

work such as instructional planning, designing and select

ing the materials and assessing the progress of each student.
 

Therefore, they will be paid higher rates of salaries.
 

It is worthwhile to note that this type of comparison
 

of policy alternatives is only concerned with the input side
 

in the input-output context of the educational production
 

process.
 

The cost implications of the differences between the
 

two policies were estimated in terms of unit recurring cost
 

per student by the equation (3.9).
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tURC(j,t) *= ATS(Jt) * [1. + Ra(j)] / Ts(j,t) * 

[i./(I.-PI (j ,t) ) (3.9) 

where URC(j,t) : Unit recurring cost per student in j 

school level in year t 

ATS(j,t) : Average annual teacher's salary in j 

school level in base year.
 

Ra(j) : Annual rate of salary increase.
 

Ts : No. of the students per teacher.
 

PI : The ratio of instructional cost to
 

teacher's salary.
 

The first three components on the right hand side compute
 

the teachers' salary per student. The last component com

putes unit recurring cost, inflating teachers' salary with
 

PI factor.
 

The Uncontrollable Variables
 

This group of variables is considered in terms of
 

the variables which are beyond the control of the educa

tional decision-maker. The identification of whether a
 

variable is exogeneous or not depends on the purpose of the
 

study of the system. In this study, three variables are
 

considered as the variables externally given to the educa

tional system.
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1. 	Compulsory school age population (6 years old) to
 

be admitted to elementary school. Therefore, the
 

enrollment level in elementary school is not sub

ject to the optimization process. It is considered
 

as given and has to be forecast.
 

2. 	The financial resources input available, which were
 

forecast.
 

3. 	The stock of students, teachers, and classrooms in
 

the educational system in the base year.
 

By trying the different levels of these variables, we could
 

test the impacts of these variations on the optimal solution
 

and the indicators to be specified.
 

The information identified in INPUT is not ready to
 

be fed into the decision-making system. This information
 

should be transformed to the coefficients in the goal pro

gran ming model.
 

For this purpose, the BDATA, PDATA and SENSOR sub

systems were developed. All the basic data considered were
 

stored in the BDATA subsystem. PDATA stores all the policy
 

information defined. All the basic data and policy informa

tion stored in BDATA and PDATA were called and transformed to
 

the coefficients for the goal programming model by the SENSOR
 

subsystem.
 

Ideally, these four subsystems (BDATA, PDATA, SENSOR
 

and goal programming decision system) should be integrated
 

into the automatically related information processing system.
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But, in order to handle the decision problem of this study,
 

even a goal programming computer program required more than
 

120 K memory storage which is the limit to the usual users
 

of the CDC 6500 computer system at Florida State University.
 

As a more critical limitation, no more than 70 K were avail

able in using the time-sharing computer terminal which is a
 

very convenient channel for a man-machine communication
 

system. Therefore, the researcher, was forced to design a
 

policy planning system in which the information was not
 

entirely automatically fed into another subsystem. The
 

information flow in these subsystems is illustrated in
 

Figure 5.
 

Section Three: Goal Programming Model
 

Decision-making in the policy planning process will
 

be simulated by the goal programming model, simply assuming
 

that the decision will be rationally made as a solution pro

cess of goal programming. The goal programming model is de

velopnd in the following way.
 

1. 	The administrative goal is described as a set of
 

constraints. This means that the level of the de

cision variables is determined to achieve the goal
 

level specified by the constraint. Then, the goal
 

function is to minimize the undesirable deviation
 

from the goal, (di), in either direction, negative
 

(d- ) or positive (di+), depending on the goal. 



Basi[jI/ a---- BDATA;.Store _ SENSOR(A): CoefficientsConvert in---............. Goal ProgrammingJ 

basic puts to co-Decision System 
data efficients 

Policy information PDATA:
 
-4Store "' 

policy - Coefficients 
infor-
mation
 

Optimal 
Solution 

Indicators SENSOR (B): 
Compute im
plication -- -

Loptimal

solution
 

- - - indicates not automatic information flow 

indicates automatic information flow
 

Fig. 5.--Information Flow in Policy Planning System
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2. 	In addition to the goals as constraints, the other
 

constraints under which the educational system is
 

operated are considered. For these systems' con

straints, four constraints are taken into account:
 

a) teacher constraint
 

b) classroom constraints in elementary, middle
 

school and high schools
 

c) students flow constraints
 

d) financial resources constraints
 

3. 	The objective function is the minimizing function of
 

all the undesirable deviations from the goals ar

ranged by the priority levels in which the different
 

weights can be assigned accordingly.
 

Goals as constraints
 

1. 	Economic goal:
 

q17 	 § [ NPB(jt) * X(jt) ] + di>Big M (3.10) 

(For 	definition see (3.2))
 

By minimizing the negative deviation, this equation
 

will maximize the sum of the net present value of benefit in
 

educational investment. This sum should be subtracted from
 

the present value of the capital investment. However, due to
 

lack of data, the nresent value of capital cost is ignored.
 

Capital M indicates arbitrary target level.
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2. Goal for social demand:
 

x(i+l1 t) -X(1 t) * Pr (jt)+ di- 0 (3.11)
 

j 1 middle school 

j 2 high schools 

j = 3 college & university 

(For definition see: 3.J)
 

By minimizing the negative deviations, these equa

tions will achieve at least those target levels of the
 

graduates in j school level to be admittqd to j + I school
 

level, if possible. In crder to reduce the size of the
 

problem, the number of graduates is defined in terms of the
 

number of entering students and drop-out ratio as in (3.12).
 

X(gt) - X(jr t- r) * (1. -dr ())r~)) (3.12) 

Where X(it) : No. of graduates in j school
 

level in year t.
 

X(i, t-r) : No. of entering students to j
 

school level in year t-r.
 

r : No. of grades in j school level.
 

dr(j) : Drop-out ratio of students in j
 

school level. dr is assumed to be
 

constant over tho planning period.
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3. Goal of extension of compulsory schooling:
 

X(1 ,t) + di < X(g,t) * re(t) (3.13)
j+l x 

(For definicion see: (3.4))
 

By minimizing the positive deviations, these
 

equations will increase the number of students admitted
 

to middle school up to the number of graduates from ele

mentary school to the extent possible.
 

4. Goal of improving the teacher's salary:
 

J 
AST (j,t) * Y (jt) + di = Bs(t) (3.14) 

j=l 

(For definition see (3.6))
 

In the computing process, Bs is constrained in
 

another equation and ATS is given coefficients. Therefore,
 

these equations will search the value of Y by minimizing
 

the negative deviations. This will minimize [Bs - ATS * Y]
 

to the extent possible.
 

In the computing process, Y (jt)is defined in
 

terms of initial stock of teachers, the teachers remaining
 

in the planning period and the new entering teachers as in
 

equation (3.15).
 

Y(jt) - Ys(j)*[l. - Pdr(j)] t-l(g 

(3.15)
(Pa(k,1))*(l. 
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Where Y(j,t) : No. of teachers available 

Ys(j) : The initial No. of teacher stock 

in base year. 

Pdr(j) : Drop-out ratio of teachers. 

X(9,t)
k 

: No. of graduates who get the 

teacher's certificate. 

for j=I, k=6 (teacher's college for 

elementary school 

teacher 

for j=2,3,4, k=7 (college & univer

sity for middle and 

high schools) 

Pa(k,t) : Participation rate of k level of 

education for supply of teachers 

The second part on the right hand side in (3.15)
 

indicates the cumulated sum of new entering teachers minus
 

annual drop-out, too.
 

For the level of junior college, teacher's college,
 

and college and university, the sources of supply of teachers
 

are not specified. Instead, the variables of new entering
 

teachers (W2) are introduced, assuming those sources are not
 

limited.
 

tf
 
Y(J,t) - Ys(j)*[l. - Pdr(j)] t- + a22 (Jti), 

(1. - Pdr(j)] t-tiJ (3.16) 



78
 

The drop-out ratio of teachers is assumed to be
 

the same in both cases of initial stock and the new entering
 

teachers. The total cost for teacher's salary is to be
 

determined internally in the solution process.
 

5. Goal of improving teacher-students ratio:
 

Y(j,t) - OtX(t) / Ts(irtJ + d i 0 (3.17) 

For definition, see 3.7, 3.15 and 3.16.
 

The equation (3.17) indicates that the enrollment level X
 

cannot be increased unless there are enough teachers avail

able specified by the policy, Ts. The solution process will
 

seek either to increase Y or decrease X.
 

Whenever these constraints are satisfied, the goal
 

level of Ts is evaluated as having been achieved. As in
 

the case of these goals, the goal of improving the
 

classroom-students ratio is similarly defined.
 

6. Improving the classroom-students ratio:
 

Fcs(j)*. [i Fdr(j)] tl t I 
P - + E I(Jt- X(jit) 

Fc (0J+ di O (3.18) 

For definition see 3.7 and
 

Where Fcs(j) : the initial stock of the classroom
 

in base year.
 

Fdr(j) : the rate of depreciation of the
 

superannuated classroom to be replaced.
 

WI : the new classroom to be built.
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The first term in left side of (3.18) will be given as
 

constant. The solution process will seek to increase WI
 

or decrease X in order to satisfy the equation (3.18). If
 

the positive deviation d+ is not minimized to zero, then
 
i
 

these d+ will indicate the unattained portion from the
 
2
 

goal level specified by policy, Fc.
 

7. Improving the instructionai cost:
 

Bs(t) * [i. + PI (jt)] - Br(t) + di = 0 (3.19) 

Where Bs(t) =AST(jt) * [s(j)*(I. - Pdr(j)t-11 

+ [X(,ti)*(l. - Pdr(j))]ti3] 
tlw2
 

for j=1,2,3
 

Bs(t) = E {AST(jt) *[Ys(j)*(I. - Pdr(J))t-l 

t W2(j,ti),(l.-Pdr(j) ) t-tj 

-i2
 

for j-4, junior teachers' college
 

J=5, college and universities.
 

For definition see: (3.6, (3.8), (3.15), (3.16)
 

The equation (3.19) states that the teacher's salary
 

and expenditure for instructional purposes such as cost of
 

instructional materials and equipment cannot exceed the
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total financial resource as assigned as recurring cost. As
 

far 	as these equations are satisfied, the goals specified
 

by PI are evaluated as having been achieved. Br, the total
 

recurring expenditure, was constrained with the financial
 

resources available to the educational system, which were
 

forecast. The next part explains the systems constraints.
 

Systems Constraints
 

It should be noted that the constraints of teacher
 

requirement and the requirement of the classrooms are already
 

built up when the goal of teacher-students ratio and
 

classroom-students ratio are specified. Therefore, the other
 

two constraints will be formulated.
 

1. 	Constraints on students-flow:
 

These constraints specify that the number of enter

ing students from j school level to J+l level cannot exceed
 

the number of graduates from j school level. In accordance
 

with the possible students flow of the current educational
 

system, the following paths are taken into account.
 

1. 	From elementary to middle school.
 

2. 	From middle to academic high school.
 

3. 	From middle to vocational high school.
 

4. 	From academic and vocational high schools to
 

junior college.
 

5. 	From academic and vocational high schools to
 

college and university.
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The path to teacher's college is ignored by assuming
 

that the new entering students are determined from the demand
 

for new teachers at the elementary school level.
 

For case 1. X (+lt) < X (9, t) j-l 

For case 2,3 X( 1+it) + X +X(1, 
J~ +rt t) -

For case 3,4.5 X(1 t) + + X(1 ,t)J+2 'J+3'J+4
 

X(9,t) + S(j+lt) 

J=3 . . . . (3.20) 

2. Constraints on the total financial resources available:
 

These constraints specify the limit that the tot~l
 

financial resources requirement cannot exceed the limit of
 

resources available.
 

[ATS(J,t)* Ys(j)*(l.-Pdr(j)) t-lj + - x(gti)*
t i -2 

(1. - Pdr(j))t'ti 1 * [1. + PI(jt)3 + 

WI(Jt) * cc(j,t) + [ C3 [ATS(Jt)*
tt-l 


Ys(j) * (1. - Pdr(j))t - l  + [ X ( ' t 

ti=2 k'ti) 

(1. - Pdr(j) tti] 1 * 1l.+ PI(j,t) * 

1I.+ Pccj,t) 3 . BL(t)
 
.
 . . . (3.21) 
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where cc(j,t): construction cost per classrrom in
 

J school level and year t.
 

Pc(J,t): the ratio of facility cost to the
 

recurring cost.
 

BL(t) : limit of financial resources in year t.
 

All other terms: as defined elsewhere.
 

The equation (3.21) says that the sum of teachers'
 

salaries and cost for instruction and facilities through
 

the school levels cannot exceed the total resources avail

able in each planning period.
 

The Objective Function:
 

The objective function is the minimizing function
 

of all the undesirable deviations from the goals. The co

efficients (P*W) are those leveled by the priority and
 

weighted in the same priority level.
 

t
Minimize Z = F.W * dji (3.22) 

for the order of i-l, . . ., I 

where Pi : is the level of priority and I indicates 

the lowest priority level. 

W i: is the weights assigned to j deviational 

variable in i priority level 

dji: is the j-th deviational variable in i-th 

priority level 

http:dji(3.22
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Section Four: Sensor Subsystem
 

The 	goal programming model in section three generates
 

the 	optimal solution based on the specified goals, priorities,
 

constraints and policy alternatives.
 

The 	optimal solution was computed mainly in terms of
 

the 	number of new entering students into upper levels of
 

the 	educational subsystem, number of new teachers and class

rooms required, and the amount of teacher's salary in each
 

school level.
 

In order to compute the implications of the optimal
 

solution when it is to be implemented, the sensor subsystem
 

was developed to compute some indicators which the policy

planner may be concerned with. For this purpose, the
 

sensor subsystem, computer program, was composed of five
 

sub-routines:
 

1. 	Eco: To compute the present value cf marginal benefit,
 

cost and net benefits.
 

2. 	Ucost: To forecast the teacher's salary and unit
 

recurring cost per student based on policy alternatives.
 

3. 	Emat: To forecast the student enrollment matrix, distri

bution of students, overall enrollment ratio of school-age
 

population and the ratio of student-flow movement to upper
 

school level.
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4. 	Tmat: To forecast the matrix of teacher stock change
 

with new entering teachers and its corresponding
 

teacher/student ratio.
 

5. 	Cmat: To forecast the matrix of classroom stock change
 

with new classrooms to be constructed and its corres

ponding classroom/student ratio.
 

6. 	CB: To forecast the pattern of financial resource
 

allocation and resource requirement and expected
 

benefit/cost ratio.
 

As a measure of the efficiency of investment in
 

education, the ratio of the net present value of benefit
 

to the total financial resources allocated in each year
 

were computed by equation (3.23).
 

CB 	 (t) [ [NPB(j,t). * X(j,t)I] / BL(t) (3.23) 

where CB(t) : cost/benefit ratio in year t.
 

all other terms as defined elsewhere.
 



CHAPTER IV
 

ILLUSTRATION OF RESULTS
 

This chapter illustrates the results obtained. 
After
 

a brief description of the hypothetical policy planning situ

ation, the results are presented in the following order.
 

1. Input of basic data
 

2. Input of policy alternatives
 

3. Solution of goal programming decision-model
 

4. indicators generated by the SENSOR subsystem.
 

The planning situation was perceived as follows:
 

For school levels, the main stream of student flow movement
 

in the Korean educational system was illustrated in Table 5.
 

After the high school level, the graduates either from aca

demic or vocational schools have four options: 
 to partici

pate in the labor force, to go to two years of junior col

lege, two years of junior teacher's college for elementary
 

school teachers, or to go to the colleges and/or the univer

sities. Traditionally, the two main streams had been the
 

movement to the labor force and to colleges and universities.
 

In this study, the two types of high schools were not
 

separated as Table 5 shows. 
 They were grouped into the high
 

school and the junior college was ignored in order to reduce
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TABLE 5.--Possible Path of Student Flow Movement 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

(1) Six year old school age 
population 


(2) Elementary 

(3) Middle 

(4) Academic High School 


(5) Vocational High School 


(6) Junior College 

(7) Junior Teachers' College 


(8) College and
 
Universities 


(9) Labor force 


+ 

G + 

+ 

+ + + 

+ + + 

+ + 
CD 

+ + 

+ 

+ + + + + + 

Note: + indicates possible path from levels in first column to levels in first
 

row.
 

The path circled(D indicates the path taken into account in this study.
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the size of the goal programming decision problem under
 

limit to the users.
 

The following five school levels were considered
 

in the planning situation.
 

1. 	Elementary school
 

2. 	Middle school
 

3. 	High school
 

4. 	Junior teacher's college
 

5. 	Colleges and university
 

The year 1973 was considered as the base year for
 

five planning periods from 1974 to 1978.
 

The five administrative goals for managing the edu

cational system were divided into two groups: one is the
 

set of goals assumed to be more expected from the environ

ment of the educational system, and the other is the set of
 

goals assumed to be more expected within the educational
 

system itself. For the first group, the following three
 

goals were determined:
 

1. 	To extend the compulsory education from elementary to
 

middle school.
 

2. 	To satisfy the social demand for education at the high
 

school and college and university levels.
 

3. 	To maximize the economic return to investment in
 

education.
 

For the second group, the following two goals
 

were considered:
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4. 	To provide the teachers required.
 

5. 	To provide the classrooms required at the elementary,
 

middle and high schuol levels as specified by the
 

input policy.
 

The goals to improve teachers' salaries and cost for
 

instructional technology were treated as constraints. There

fore, five goals were treated in this illustration. The
 

first set of goals was called external goals and the latter
 

was called internal goals. The different priority levels
 

assigned to each goal were shown in Table 6 for four goal
 

priority structures.
 

TABLE 6.--Goal-Priority Situations
 

Priority 
Level I II III IV 

1 compulsory social 
demand 

supply 
teacher 

supply 
classrooms 

2 social economic supply supply 
demand classroom,3 teachers 

3 economic compulsory compulsory social 
demand 

4 supply supply economic compulsory 
teachers teachers 

5 supply 
classrooms 

supply 
classrooms 

social 
demand 

economic 

These four goal-priority situations could be briefly
 

characterized as follows:
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Situation I: Trying to expand the middle school
 

level first, then high school and universitie3, while adjust

ing these expansions according to their contributioi. to Lhe
 

growth of the total present value of educational benefit
 

as much as possible. Then, trying to supply the teachers
 

and classrooms required by the educational input policy
 

under the given constraints.
 

Situation II: Trying to expand the high school
 

and university level first, while adjusting these expan

sions according to the economic criteria, and then to expand
 

the middle school level, if possible. Next, trying to pro

vide the teachers and classrooms required.
 

Situation III and IV: F.Lrst, make sure that enough
 

teachers and classrooms were fully provided, then try to
 

expand the enrollments of each school level according to
 

their priority level. In case of three, provision of teachers
 

was considered first among internal goals, and expansion of
 

middle school was tried with more importance among external
 

goals. In case four, the supply of classrooms was considered
 

first among internal goals, while expansion of enrollment in
 

high school and university come first among external goals.
 

Table 7 illustrates the target levels for three external
 

goals. The target level for the goal of providing class

rooms under different policy alternatives was illustrated in
 

Table 8. The target level for the goal of providing teachers
 

was shown in the summary of policy information.
 



TABLE 7.--Trends of Enrollments and Goal Levels of Expanding Compulsory Education and
 
Social Demand for High Schools and Universities
 

Actual Rate of Intake
and Application (Percent) 68 69 
 70 71 72 73 
 74 75 76 77 78
 

From elementary to
 
middle school
 

Actual 
 58.5 61.8 66.1 69.5 70.4 70.5 
 As much as possible up
Application 
 61.4 65.3 69.3 70.8 72.3 72.0 
 to 100% (Target for ex
panding middle school)
 

From middle to high
 
school.
 

Actual 
 68.6 70.2 70.0 69.3 68.2 70.6 
 71.0 72.0 73.0 74.0 75.0
Application 
 78.4 80.3 80.4 79.9 81.0 72.5 
 (Targets for social de
mand of high school)
 

From high school to
 
college and university


Actual 
 29.6 26.2 27.1 28.9 28.2 24.3 
 25.0 26.0 27.0 28.0 29.0
Application 
 52.0 41.8 45.3 47.0 49.9 49.9 
 (Targets for social de
mand of college and
 
university)
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TABLE 8.--Goal Level for Number of Students per Classroom
 

Labor Policy 	 Capital Policy
 

School
 
Level 1973 During the Planning Periods (1974-78)
 

Elementary 58.8 60.0 	 50.0
 

Middle 63.9 60.0 	 50.0
 

High 61.5 60.0 	 60.0
 

Irut of Basic Data
 

As a basic data for the policy planning model the
 

following items were considered:
 

1. 	No. of school level (five school levels)
 

2. 	Name of the school level
 

3. 	Planning periods and the base year (5 years and
 
1973 as the base year)
 

4. 	Earning stream by age and education level1
 

2
5. 	Unit recurring cost in base year


6. 	Projection of school age population by education
 
levels
 

IData was taken from the income survey by Korean
 
Development Institute (KDI), A Study on the Rate of Return
 
to Investment in Education (Seoul: KDI, 1973).
 

2From the Statistic Yearbook of Education (1972,
 
1973), Ministry of Education.
 

3From the projection prepared by Council of long
range educational planning (CLEP). CLEP, Projection of
 
School Age Population: 1968-86 (Seoul: Ministry of Educa
tion, 1968).
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7. No. 	of grades in each level
 

8. 	Stock of students in each grade by school level.
 

These data were entered and stored in the data
 

file called DATA 5. The subsystem BDATA performed these
 

functions. The following pages illustrate a sample of
 

input and output of BDATA.
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74/001/13 00.32.07. 
KROP40S TIE SHARI4i SYSTEM - "ER.R, .P-

IISER llINFR
 

TERMINAL: 7JTTY
 
RECOVER/SYST&74: CAT
 

CATALOGt OF 8797005 74/08/13. 00.32.48.
 

FILE NAME(S)
 

HONG PDATA DATAR DATA3 
 BDATA SENS3R CAPITAL
 
LEE LABOR DATAI
 

10 FILE(S)
 
READY.
 

23.37.13. WARNI1ljG
 

GOIULD PLOTTER IS DOWN. 

FORTRAN, LD,BDATA
 
READY.
 
RNH,MA=60000
 

ENTER NO. OF SCH33L LEVEL
 
?5
 
ENTER NAME OF THE SCHOOL LEVEL
 
LEVEL Is
 
7 ELEMENTARY
 
LEVEL 2.
 
?MIDDLE 
LEVEL 3w
 
?HI(I
 
LEVEL 4z 
7 EeTEACHER
 
LEVEL 5=
 
? C.UN IU.
 
ENTER N9.OF YEARS 3F PLANNINr PERIODS
 
76 
ENTER THE BASE YEAR
 
773 
ENTER THE BEGINNING AND RETIRINiG AGE
 
?L4 *DFL*
 
14P64
 
ENTER INC3"E STREA"IS 
EDUCATION LEVEL ELFKIENTARY 
AflE 14 
?72. 6
 
ARE 15
 
770.6
 
AGE 16
 
?79. 6 *DEL*
 
80.*2
 
AGE 17
 
789.2
 
AGE 15
 
7105.1
 

http:23.37.13
http:00.32.48
http:00.32.07
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ENTER FILE NAME 
? DATAS 
DO YOU VAulT TO PR1INT OUT BASIC INPUT? 
? YES 

INCOME STRFAM I AGE BY EDUCATION 
LE fNTARY MI DDLE HIfGH E.TEACHER CIIiJ'IJ 

AGE 14 72.6 o. 0. 0. 0. 
AGE 15 72.6 0. 0. 0. 0. 
AGE 16 89.2 107.4 O 0. O. 
AGE 17 89.2 107o4 0. 0. 0. 
AGE 18 105.1 2P0.6 204.2 0. 0. 
AGE 19 105.1 120.6 204.2 0. 0. 
AGE 20 122.7 141.f 238.0 2901.0 0. 
AGE 21 122o7 141.8 238.0 280.0 0. 
AGE 22 141.0 141.8 268.2 312.1 372.1 
AGE 23 141.0 164.4 268.2 312,.1 372.1 
AGE 24 141.0 164.4 268.2 312.1 372.1 
AGE 25 200.4 235.2 312.7 390.1 372.I 
AGE 26 209o4 235.2 312.7 30. 462.2 
AGE 27 200.4 235.2 3127 39001 480.2 
AGE 28 209e4 23592 312.7 390.1 480.2 

AGE 29 209.4 235.2 312.7 300.1 48(,2 
AGE 30 251.6 300.1 363.1 462., 590.0 
ARE 31 251.6 300,1 363.1 462.1 580,0 
AGE 32 251o6 300.1 363.1 462.1 580.0 
AGE 33 951,6 300.1 36391 462.1 580.0 
AGE 34 251.6 300.1 363.1 462.1 580.0 
AGE 35 288.3 352.4 440.4 580.1 724.8 
AGE 36 298.3 351*4 440.4 580., 724. R 
AGE 37 288,3 351.4 440.4 580.2 724.8 
AGE 38 288.3 35194 440.4 580.2 724.8 
AGE 39 298o3 351.4 440.4 580.1 724.8 
AGE 40 288.3 351.4 440.4 58001 734.8 
AGE 41 288.3 351.4 440.4 590,1 734.9 
AGE 42 2983 351.4 440.4 580.! 734.8 
AGE 43 288.3 351s4 440.4 580.1 734.8 
ARE 44 248.3 351.4 440.4 580,1 734.8 
AGE 45 328o2 41199 649.0 78001 903.9 
AGE 46 328.2 41199 640 780.1 903.Q 
AGE 47 32R.2 411.0 649.0 780.1 903.9 
AGE 48 328*2 412.9 640.0 780.1 003g 
AGE 49 328.2 412.9 640.0 780,1 Q03.o 
AGE 50 32.2 41.9 640.0 7RO.1 903.9 
AGE 51 329.2 411.0 649.0 780.2 903.9 
AGE 52 328.2 411.9 6400 780.1 003,0 
AnE 53 328.2 411a9 640.0 780.2 903.0 
AGE 54 328.2 411.9 640.0 780.1 903.0 
AGE 55 2r4.5 363.2 567.0 700.1 930.0 
AGE 56 284o5 363.2 567.0 700.1 Q3n.0 
AGE 57 284.5 363. 567.0 700.3 930.0 
AGE 58 244.5 363.1 567.0 700.2 030.0 

AGE 59 284.5 363.1 567.0 700.2 030.0 
AGE 60 29I, 5 362.1 567.0 700,1 0000 
AGE 61 P84.5 36e.1 567.0 7n.2 0901. 

AGE 62 284.5 362.2 567.0 700.3 930.0 
AGE 63 284,5 362,2 567.0 7(0.1 030.0 
AGE 64 284. 5 362.2 567.0 700.1 930.0 

UNIT COST IN RASE YEAR 
ELFAEITARY 14.8 
MIDD2LE 29.5 
HIGH 34.8 
E.TEACHER 90.2 
OolJ"Ive 149. 
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YEAR 
YEAR 
YEAR 
YEAR 
YEAR 
YEAR 

73 
74 
75 
76 
77 
78 

SCROOL AE P3PU.ATIC
LEVELI LE"EL2 
540q.Q 2677o4 
5307.3 267103 
5385.9 2665.1 
5373.6 265R.9 
54,003 2662.1 
550669 2665.3 

LVFUEL3 
9413s2 
2540.8 
2669.4 
2795.9 
2765.9 
2736.0 

LEVEL4 
2750.6 
2coq 
3056.4 
3294.7 
32R6.4 
3368.0 

NO* OF STUDENT IN BASE YEAR 

ELEMENTARY 
GRADE 

1 
2 
3 
4 
5 
6 
7 

NUM1BER 
956.7 
9160. 
933.1 
985.2 
952.3 
948.8 
948.1 

MIDDLE 
GRADE 

I 
2 
3 
4 

NUMBER 
669o2 
595.4 
56805 
467.7 

GRADE 
! 
2 
3 
4 

NUMBER 
340.0 
272.3 
23790 
205.6 

EoTFAC1ER 
GRADE 

I 
2 
3 

N1U'RER 
6.3 
6.5 
5.9 

OoUNIV. 
tRADE 

I 

2 
3 
4 
5 

NUMBER 
50. 

47o3 
42o3 
38.4 
2808 

THE LAST 
STOP 

GRADE IMDICATE GRADIIATF.S 
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Input of Policy Alternatives
 

The information on the two types of educational
 

input policy was entered in terms of the five components
 

of 	the policy:
 

1. 	Average monthly teacher's salary in each school
 

level
 

2. 	Annual rate of increase in teacher's salary
 

3. 	Teacher/students ratio
 

4. 	Classroom/students ratio
 

5. 	Ratio of teacher's salary to recurring cost
 

This information was stored by the PDATA subsystem
 

in each policy information file: labor and capital. In
 

addition to the information of the components of policy
 

alternatives, the other parameters such as social discount
 

rate, the alpha coefficient to determine educational con

tribution to earning power and the drop-out ratios of student,
 

.teacher, classroom were also entered in the PDATA subsystem.
 

The following pages illustrate the procedures and
 

summary of policy information for labor and capital policy.
 

The same procedure was also performed by the PDATA
 

subsystem for capital policy. Only the printout of policy
 

information was presented in the case of capital policy.
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74/09/12. 20.21.51.
 
•KRONS TIME SHARINGri SYSTEM - VER. 2.0-15 
USER Nfl1'RR t 

TERMINALi 64, TTY
 
RECOVER/SYSTEM: F3RTRAN, OLD,DDATA
 
READY. 
RNHMA=60000
 

ENTER FILE NAME OF BASIC DATA
 
?DATA2
 

WHAT DATA DO YOIT WANT TO LOAD 
SOCIAL ---- FOR SOCIAL DISCOINT RATE
 
ALPHA--- FOR AL1HA FACTORS
 
SALARY---- AVERAGE TEACHERS SALAR'" IN BASE YEAR 
INCREASE--ANIVlfAL RATF IF SALARY IN1CREASE 
DROD------ DRIP -OTJT RATIO OF .STJDENT,TEACERSCLASSRO3M 
SAVE------ SAVIE THE DATA IM 4E FILE 
RATIO--- STIDENT/TEACHER, STUDENTT/CLASSROOM RATIO 

ENTER YOUR OPTION--
?SOCIAL
 

ENTER SOCIAL DISCOINJT RATE , WITH DECIMAL 
?8.5 

ENTER YOUR OPTION--
? ALPHA 
ENTER ALPHAt EDITCATIONAL CONTRIRUTI ON T3 

EARNINGr D JER. 'JITH DECIMAL P3INT--
ELEMENTARY 
?65. 
M I DDLE 
?65. 
H IGH
 
?65. 
EoTEACHER
 
? 65. 
C *UN I'I. 
?650 

ENTER YOUR OPTION--

?SALARY
 
ENTER AVERA(TE TEACHERVS SALARY IN BASE YEAR
 
ELEMENTARY 
?49o3
 
MI DDLE 
?64o4
 
HIfH 
?72.3 
E*TEACHER
 
S!01.6
 

C .IIN I V. 
?1 44o4 

http:20.21.51
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ENTER YOUR OPTtgN--
? IN.CREASF 
ENTER ANN4UAL RATE OF INCREASE IN SALARY# WITH DECIMAL 
ELEMENTARY 
?405 
4IDDLE 
?4*5 
HIGH
 
?4.
 
E.TEACHER
 
?4s
 

CUtNIV. 
? DROP *DEL* 
4. 

ENTER YOUA OPTIONA--
? DR0P 
ENTER AVERArE RATE OF F.LL 1,T 4Jr VARIARLES: 

to DROP OUT RATE OF STIIDENT 
g. DR3P OllT RATE OF TEACHERS 
3. DEaRECIATITn RATE 3F CLASSROM 

ELEMENTARY 
?2.. 3.5,4. 
M I DDLE 
?2o#6o*4.o 
HIGiH 

? 2. 5s,4., 

E.TEACHER
 
?4o#2. 5,2.
C,U IU, 

7 4,.o. 5a3s2., 

ENTER YOulR OPT17N--
7RATIO 
ENTER FOLLOVI iW RATI1S F1R EACi LE"EL ,ND YEAR 

I. N. OF STfIDENTS/TEACHER 
2. RATE OF SALARY TO RECIIRRINJ COST, ,ITH DECIMAL 

IN ELEMENTARY 
YEAR 73= 
? 53.o69e*
 
YEAR 74=
 
753.,6R..
 
YEAR 75=
 
752.,67., 
YEAR 7 6= 
? 50..67., 
YEAR 77= 
? 5fl.67.. 
YEAR 7Rm 
7 50.. 66., 
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IN MIDDLE 
YEAK 73= 

YFAH 74= 
'740.004090 
YEAR 75a 
738.,80o*
 
YEAR 76a
 
?37. 80., 
YEAH 77m 
?37.a O.p 
YEAR 78m 
?37.80.* 

IN HIGH 
YEAR 73= 
730.2HO.. 
YEAR 74a
 
726.,80.o
 
YEAR 75a
 
726..80.*
 
YEAR 76=
 
?26.80., 
YEAR 77=
 
?26.,80., 
YEAR 76a 
?26o80o 

IN E.TEACHER
 
YEAR 73=
 
?1509080., 
YEAR 74=
 
716.o80., 
YEAR 75=
 
?16.,80.p 
YEAR 76a
 
716.180., 
YEAR 77.
 
?16.,80o,
 
YEAR 78w
 
7160.8000 

IN C.UNIV.
 
YEAR 73.
 
?19.2,80.,
 
YEAR 74m
 
719.,080., 
YEAR 75m
 
719. 80. 
YEAR 76m
 
718.6,ROo,
 
YEAR 77a
 
?18.(0.,
 
YEA4 78=
 
li8.6*80.,
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ENTER YO11R OPTTIN---
I SAVE 
ENTER FILE NAME FOR POLICY INFORMATION 
? LABOR 

DO YO I WANT TO CHANIJE ANY INIPUT? YES OR e40 

DO Y311 WANT TO PRINT OUT POLICY INFORMATION 
? YES 

..+++++POLICY INqFORMATI 3/ .+..++.+.+.
 

THE SOCIAL DISC01IT RATE IS 8.5 

AVG. TEACHERS SALARY ANNUAL RATE OF INCREASE 
ELE4ENTARY 4.3 4*5 
M I DDLE 64.4 '4,5 
HIGH 72.3 4.0
 
EeTEACHER 201.6 4.0 
Co0UNIIV* 144.4 4.0 

DROP-0I1T RAT I 13S 
STIJDENJTS TEACHERS CLASSROOM 

EL94F)JTARY 2.0 3.5 4o0 
MI DDLE 2.0 6.0 4.0 
HIGH 2.0 5.0 4.0 
E.TEACHER 4.0 2.5 2.0
 
C.UNIli. 4.0 5o3 290 

TEACHER-qTIJDE.NTS RAT I-7 
73 7 5...... 76...... 7 ..... 

ELEMENTARY 53,00 53.00 52.00 50.00 50.00 50.n 
MIDDLE 42.40 40.00 39.00 37.00 37.00 37o00 
HIGH 30.20 26.00 26.00 26.00 26.00 26.00 
ETEACHER 15.00 26.00 16.00 6.00 I6.00 16,00 
CUN Ii. 19.20 1Q.00 14.00 18.60 12.60 19960 

RATIO OF SALARY TO RECURRIlG COST 
73 74 75 76 77 78 

ELEMENTARY 60.00 68.00 67.00 67.00 67.00 66,00 
MIDDLE 80.00 80.00 80.00 80.00 80.00 80.00 
HIGH 80.00 80.00 80.00 80.00 80.00 80.00 
EeTEACHER 80.00 80.00 80.00 80.00 80.00 80.00 
COMIV 80.00 000 80.00 80.00 80.00 R0.00 

RATIO OF RECURRINri COST I4 TERMq OF SALARY 
73 74 75 76 77 7A 

ELEMENTARY 2.45 2.47 1.40 1.40 1240 1252, 
MIDDLE 2,25 ,.25 1.25 1.25 2.25 1.25 
4104 2.25 2.25 125 1.25 1.25 1025 
ETEACHER 1.25 tops 1025 1.25 2.25 1925 
C *I)"IV. 1225 2.25 225 2.25 1,25 2.25 
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ENTER 	YOUR OPTION--
?SAVE
 
ENTER 	FILE NAME FOR POLICY INFORMATION
 
?CAPITAL
 

DO YOU WANT TO CHANGE ANY INPUT? YES OR NO
 
?NO
 

DO YOU WANT TO PRINT OUT POLICY INFORMATION
 
?YES
 

++.+.+++++POLICY INFORMATION+.+.+.++..+++
 

THE SOCIAL DISCOUNT RATE IS 8.5
 

AVG. TEACHERS SALARY ANNUAL RATE 0 FINCREASE
 
ELEMENTARY 52.5 5o5
 
MIDDLE 64.4 5.5
 
HIGH 72.3 4.0
 
E.TEACHER 101e6 4.0
 
CoUNIV6 144o4 40
 

DROP OUT RATIOS
 
STUDENTS TEACHERS CLASSROOM
 

ELEMENTARY 2.0 3e5 490
 
MIDDLE 	 200 6.0 4.0
 
hIGH 	 2.0 5.0 4*0
 
EeTEACHER 4.0 2.5 20
 
C*UNIVo 	 4.0 5.3 2.0
 

TEACHER- STUDENTS RATIO
 
73 74 75 76 77 78
 

ELEMENTARY 53.00 70.00 70,00 70.00 70.00 70,00
 
MIDDLE 70.00 70.00 70.00 70.00 70.00 70.00
 
HIGH 30.20 26.00 26.00 26.00 26.00 26.00
 
E.TEACHER 15.90 16.00 16.00 16.00 16.00 16.00
 
CoUNIVo 19.20 19.00 19*00 19.00 18.60 18.60
 

RATIO 	OF SALARY TO RECURRING COST
 
73 74 75 76 77 78
 

= 
ELEMENTARY 70.00 65.00 65.00 6 An 65.00 65.00
 
MIDDLE 70.00 70.00 70.00 70.00 7u.*' 70.00
 
HIGH 80.00 80.00 80.00 80.00 80.00 60.00
 
E.TEACHER 80.00 80.00 80.00 80.00 80.00 80.00
 
C.UNIV. 80.00 80.00 80.00 80000 F0.00 8000
 

RATIO 	OF RECURRING COST IN TRMS OF SALARY
 
73 74 75 76 77 78
 

ELEMENTARY 1.43 1.54 1o54 1.54 1.54 1.54
 
MIDDLE 1.43 1o43 1.43 1.43 1.43 1.43
 
HIGH 1.25 1.25 1.25 1.25 1.25 1.25
 
E.TEACHER 1o25 1.25 1.25 1.25 1.25 1.25
 
C.UNIV, 1.25 1.25 1.25 1.25 1.25 1.25
 



102
 

1. 	Some figures such as drop-out ratio of student,
 

teacher and classroom were used in determining
 

the coefficients of the goal programming model.
 

2. 	The components of policy alternatives were used
 

in forecasting the unit recurring cost per student,
 

and they were also used as the coefficients of such
 

goal levels to provide the proper quantity of
 

teachers and classrooms.
 

3. 	The other variables such as the social discount
 

rate, teacher's salary level, and rate of increase
 

were also used for forecasting unit recurring cost
 

per 	student and estimating the present value of
 

benefit and cost with the basic data in BDATA.
 

The subroutine ECO and UCOST of SENSOR subsystem
 

performed these computations for each policy alternative.
 

The average teachers' salary is a monthly figure (unit 
=
 

1000 Won). The unit recurring cost is a yearly figure with
 

a unit of 1000 Won. As shown in the output of UCOST sub

routine, there are some differences between the two policies
 

in teacher's salary and unit recurring cost per student. In
 

both of the policies the net present value of.educational
 

benefit is the same, because the difference of unit recurring
 

cost was not reflected in estimating the future cost of
 

education. The next pages illustrate these figures.
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RU?', HA=70000 

74/08/16. 15.30.25. 
PROGRAM SDISOR
 

EN'TER FILE JAME OF BASIC DATA? 
? DATAS 

EVJTER FILE IAME 3F PlLICY I1PUT? 
? CAPITAL 

THIS PROR.V4 ALLOT ; F-?LL*'I14rj TI.IMS: 
EC ----------- CP'fT--. ESri VALUE I F '!.AGINAL 

BEIEFIT,C.3T A'JD \jTT BENEFIT 
UCST -------- F','RC.AST U',ItT RECURRIM. C3ST 
EN.AT--------- FJECA.ST STUDE-,T Z.LLAF*9T 'ATRIX 
TMAT --------- F.RECAST TZ.CHER-STIC'" ,!TR"C 
CMAT--------- FRECAST CmTSSR -S C;{ .TTRIX 
CB------------ t.:PijTE THfE MEASURE ,F S-IEFIT/r.ST RATIO 
DID---------- .
TERMITE THIS 7XERCISE.
 

? ECI
 

T74E PRESE2T VALIUE -IF------


IIDtl)E 
B3e-.EFIT 

30.3. 4.; 
C',ST

75o 34 
VFT BEVEFIT 

qo. 6,3 

I(.H 751. 2.q C;.."4 669..40 
E. T6ACHER 
v,., I V. 

3377. ")f)
63.77 

150.75 
4nn 64 

|7q.qO0
! 13 .nQ 

http:S-IEFIT/r.ST
http:FJECA.ST
http:BEIEFIT,C.3T
http:15.30.25
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N1111 FNTER YOUR OPTION? 
?UCCIST 

AUERAGE TEACHERS SALARY
 
73 74 75 76 77 78
 

ELEMENTARY 52.5 55.4 5q.4 61.6 65.0 68.6
 
41DDLE 6A.4 67.9 71.7 75.6 79.C 84.2
 

. 3 ....."S.7- . . ------ 1.3 84.6 98.0
. . 
S*.TEACIRER 101.6 105.7 109.9 114.3 118.9 123.6 
.UNlIV. 144.4 150.2 156.2 16.,4 168.9 175.7 

UNIT RECURRING CST ?ER STUDIT 
73 74 75 76 77 78 

ELEMENTARY 17.0 14.6 15.4 16.3 17.2 1861 
MIDDLE 15.8 16.6 17.6 18.5 10.5 20.6 
XlIGH 35.9 43.4 45.1 46.9 48.8 50.7 
ETEACH.R 95.8 99.! 103.0 107.1 111.4 115.9 
C .U,4IV. 112.8 118.6 123.3 125.2 136.2 141.7 

'!O'* EN1TER YOUJR 'OPTION? 

FORTRAN, 01.D, SENISOR 
R EADY. 
RIPIj,MA67ono 

74/09/16. ng.59.32.
 
PROGRAM SENSOR
 

EMTER FILE IAM4E OF BASIC DATA?
 
? DATAS 

E.%TER FILE iAME OF 03LICY IMPUT? 
?LAg39R 

http:ng.59.32
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THIS VRlnt,RA'4 ALLOTJ FOLL3 TJI1l rPTV '1S:
 
EC ----------- C.PIJTF PRES.-I VALUE 3 F MAI-P.AL
 

BDIEFIT,COST AID NJET B'NEFIT
 
UC3ST--------.. . FRCST I'ItT RECtR1IIr C'IST
 
E'4AT-- ------- FORECAST STVID'JI)T .J.11LLMET MATRIX
 
TMAT---------- FECAST TEAC.E9-ST3C'. mATRT(<
 
CMAT----------.FECA-T CLASSRlM--STI-4 MATR1
 
C- ---- SJTE MiEASURE R..EFIT/COST
C--- THE OF RAT13 
END---------- TERMINIATE THIS EXERCTSEs 

46-7J EITER YOIR 00TV!"?
 
? ECO
 

THE PRE.EAN1T VALUE CF -----

SE"I T C'lST NIET REVEFIT
 
MIDDLE 303.Qg 75o34 
 229.63 

751. P9qq, q 662, 
,.TFACHER 337,Q9 159.75 179.20
 

C.IN 'J], 433.77 1400.6!.3,fq09 


4', E'ITER YOUR OTIOhJ?
 
? 'IC3ST
 

A'lERAIvE TEACHERS SALARY 
73 74 75 76 77 71 

ELEMEN1TARY 40.3 51.5 53.8 54.3 59.9 61.,. 
MIDDLE 644 67.3 70.3 73.5 ?6oA 80.3 
HIGH 72.3 75.2 79,. R1.3 94.6 8A0 
E.TEACHER 101.6 105.7 109. 11.3 11.9 123.6 
C oin. its 14o4 1502 156.2 162.4 168.9 175.7 

INIT RECIIRRtft, COST PER STUDENT 
73 74 75 75 77 79 

£LEMEITARY 6.2 17.2 19.5 20.2 21.1 22.3 
IDDLE 22.9 252 27.8 29.9 31.1 32.5 

HIGH 35.9 43,4 45.1 46,0 4R. 50 .7 
ETEACRER 95.8 99.1 103.0 107.1 111.4 I15.9 
C IJIV, 112.9 19.6 123.3 131.0 136.2 141.7 

VV'J* E04TER YOUR 'JOTlJol? 

http:MAI-P.AL
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Solution of Goal Programming Model
 

The decision variables of the goal programming model
 

were defined in terms of the four following variables in
 

each of five years of planning periods.
 

1. 	The number of new entering students to be admitted
 

to middle and high school, junior teacher's college,
 

and college/university;
 

2. 	The number of new entering teachers to be supplied
 

in elementary, middle and high schools;
 

3. 	The number of new classrooms to be constructed in
 

elementary, middle and high schools;
 

4. 	The amount of financial resources required for the
 

teacher's salary in each school level.
 

This goal programming model which had 75 decision variables
 

and 91 equations was run on the CDC6400 of the Computing
 

Center at the Florida State University and the solution was
 

obtained in each of the eight planning situations combined
 

with four goal-priority situations, two policy levels, and
 

one resource level. Each computer run provided two types
 

of information: one was information on the optimal solu

tion for the decision variables, and the other was informa

tion showing the level of under-achievement of the goals
 

specified.
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1. The optimal solution
 

The optimal solutions were fed into the SENSOR sub

system in order to compute their implications as explained
 

in chapter three. However, the overall enrollment ratios
 

of school age population were presented to give the over

all picture of the size of each educational subsystem.
 

These trends reflect the optimal solution on the new
 

entering students to be admitted. They were shown in
 

Figure 7.
 

The enrollment size at the elementary school level
 

was identical to each of eight cases because it was com

pulsory, requiring admission of all the projected six

year-old school age population regardless of the goal

priority situation. It was observed that there was little
 

difference in enrollment size at the college and university
 

level among the situations. Therefore, only the main differ

ence in enrollment size was observed in middle and high
 

school levels among the four goal-priority situations and
 

two types of policy. In order to serve these enrollment
 

sizes, the following quantity of new teachers and classrooms
 

were required during the five planning periods in elementary,
 

middle and high schools only where the teacher and classroom
 

constraints were imposed. These requirements are shown in
 

Tables 9 and 10.
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Fig. 6.--Enrollment Rate of School Age Population Based on Optimal Solution
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TABLE 9.--Input Requirement of New Teachers (Unit: 1000
 
teachers)
 

Goal- I 
 II III IV

Priority 
 Cap- Cap- Cap- Cap-
Situation Labor ital ital ital
Labor Labor Labor ital
 

Elementary 22.8 0.0 23.7 
 0.0 23.4 0.0 22.9 0.0
 

Middle 20.8 7.5 20.8
5.3 0.5 0.9 7.3 0.9
 

High 
 4.4 19.7 17.5 19.2 17.5 21.5 17.5 22.4
 

TABLE 10.--Input Requirements of Hew Classrooms 
(Unit: 1000
 
classrooms)
 

Goal- I 
 I1 III IV

Priority Cap- Cap- Cap- Cap-

Situation Labor ital Labor ital Labor ita. Labor 
ital
 

Elementary 17.7 
 23.5 17.7 33.2 17.7 33.2 17.7 15.4
 

Middle 7.8 
 27.7 0.2 21.4 7.7 56.9 0.0 22.0
 

High 0.0 6.2 5.5 
 3.5 0.0 5.5
9.9 6.1
 

2. The level of under-achievement of the goals
 

The level of under-achievement of the goals was sum

marized in Table 11. 
 Most of the goals were not fully
 

achieved under the given situation. These under-achievements
 

were the difference between the simulated achievement with
 

optimal solution and the specified goal levels. This analy

sis was made by investigating the portion of negative or
 

positive slack of the constraints in the output of the goal

programming model.
 



TABLE ll.--Under-achievement of the Goals
 

1. 	 Max. Economic return 
from arbitrary 3,000.
(Unit: billion Won) 


2. 	Extend compulsory

schooling 

(Unit: 1,000 stu.) 


3. 	Meet social demand
 
for high school
 
education
 
(Unit: 1000 Stu.) 


4. Meet social demand
 
for col. & Univ.
 
(Unit: 1000 Stu.) 


5. Supply teachers needed
 
1) elementary 

2) middle 

3) high 

(Unit: 1000 Teachers)
 

Goal Type I 


Labor Capital 


1,536 841 


a 

1,543.1 


845.8 920.8 


a a 


3.0 a 

a a 

a a 


Goal Type II 


Labor Capital 


1,405 1,284 


1,479.1 

2,064.4 


428.3 267.0 


a a 


3.0 a 

a a 

a a 


Goal Type III 


Labor Capital 


1,536 931 


292.5
 
1,543.1 


845.8 955.2 


a a 


3.0 a 

a a 

a a 


Goal Type IV
 

Labor Capital
 

1,407 933
 

2,073.6 292.5
 

428.3 955.2
 

a a
 

3.0 a
 
a a
 
a a
 

6. 	Supply classroom needed
 
1) 	elementary a a a a 
 a a 0.2 a
2) 	middle 2.5 22.7 
 a 15.0 6.7 
 a a 64.9

3) high 4.5 11.6 11.8 8.0 4.2 9.5 6.6 9.5
 
(Unit: 1000 Classrooms)
 

7. 	Total expenditure required 1,485,013 1,479,034 1,539,139 
 1,437,499
(Unit: Million Won) 1,364,545 1,367,036 1,366,309 
 1,366,309
 

aAchieved.
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Forecasting the Planned Educational System
 

The 	outlooks of future educational systems based on
 

the 	optimal solutions were forecast in each of eight situa

tions with the SENSOR subsystem. These forecasting programs
 

considered mainly the following aspects:
 

1. 	For the movement of student flow
 

a) No. of students in each grade by school level
 

b) Patterns in the distribution of students among
 

school levels
 

c) Overall enrollment ratio of school age population
 

d) The ratio of students entering the upper school
 

level to the graduates from lower school level
 

2. 	The stock of teachers and students/teacher ratio in
 

elementary, middle and high school.
 

3. 	The stock of classroom and students/classroom ratio.
 

4. 	The pattern of resource allocation among the school
 

levels, the total resource requirement for the plan

ning period, and expected benefit/cost ratio.
 

As a sample illustration of the output, only the
 

case of goal-priority situation III with labor and capital
 

policy was presented.
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FORTRANPOLD SENISOR 
READY. 
RU, MA=67000 

74/OR/0/6. 9.S. 32. 
PROGRAM SENS3R 

ENTER FILE MAJME 3F RASIC DATA? 
? DATA5 

ENTER FILE NA'ME '3F 03LICY T'IPIJT? 
?LAFIOR
 

THIS QRqQRAM ALLOW FILL-34T 't 1PTIONIS. 
EC T----------CIMPIJTE FPRESE"I VALI!E MrfI'AL 

BEIEFIT. COST ANID 'NI1T BIEFIT 
IJCOST-------- F.IRECAST ''4T RECTIRRIr COST 

.9TflDF*,1T NJ LLMET %i~q'EM4AT --------- F.3RECAST --
- 5 T1 C' THAT--------- FIRECAST TEACXER 'ATR!X 

CMAT--------- FORECAST CLASSR.","-TIC' MATRIX 
-
ir mEAI RE1FFIT/CIST qATT 

ED---------- TER.IMATE THI5 EXERCISE. 
CR----------- CI D0TE T'-E 

McjJ EMTER YVITR ZTIJ? 
7 EC 

THE PRE9;F.)IT 11AIJIE OF------

BEAFF IT C!ST PIET 9F.%FFT 
MIDDLE 
itMR, 

303.QR
751*? 

75.34 
RA q.q 

221.063
66p.. tin+ 

F.TACHER 337.04 15Q.75 17R.20 

C 61141 II. 633.77 44n.64 143.O 
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*' i'Ja E'ITER Y.rjUR UPTI3'1? 
7 UCOST 

A'IERAG2E TEACKERS SALARY
 
73 74 75 75 77 78
 

ELE4EITARY 4Q,3 51e5 53.8 5i.3 59.R 61.4 
MIDDLE 64.4 67.3 70.3 73.5 7k., 80.3
 
qr'R 72.3 75.2 7:.. 	 34v6
91.3 89.0
 
ETEACHER 10196 105.7 I09o. 
 114.3 118.9 123.6 
C 0IJu 11, 144.4 150.2 156.2 162.4 169.9 175.7 

INIT 	RECIIRRIHnt C.ST VER STIIDENT 
73 74 75 7f3 77 78

ELEMEITARY 16.2 	 19.517.2 20.2 21.1 22.3
 
PI DDLE 
 22.q P5.2 27.9 29,q 31.1 32.5
 
HIff4 	 35.0 43.4 45.1 46.Q W3,*9 50.7 
E.TEAC.4ER 
 95.8 99.1 103.0 107.1 111.4 115.9 
C.UAi;.. 112.8 11146 123.3 131,0 136.2 141.7 

Np."1', E1JTER Y31UJ tOTI1&J? 

? EI4AT 

EAEJT %I (,F EKITERItI(, STlrD.lTc; IV 0L.AWAih!Mfr 
ER T).JIT7 DECITU!t P3101T A44D SEPARATE 14TT4 C3M'4A. 

FRaM 5'ECINTI P'EP11D T! LAST PE?13jD* 

98R. 	 O* 13, 08;3 •0, 070. La, 097. 9, 9.'4 LEIA? 
%iI DDI. E 

?444.7, 596. 5, 701). 5, 4Q3. 9, 706.0, 

? I01.,2,51.3,2Q.5.8, 173.s5,2.!9.0, 

E, TEACKER
 
? 4,4,Q9 ., 10. 9, 0., 0.,
 
C IN W.
 

F3RECATINIl :)F T4E STrIDF'ITS FLI'd 

El. E'1 5.1 TARY 
73 714 75 76 77 78 

I Q56.7 O89., 0439,Q 070.4 Qq7.9 07. 1 
2 916.2 037.A 950.5 00)4.q 050.4 0690 1 
3 
4 

933.1 
9Q5.2 

807.) 
Q14.4 

QI,.q 
87O.9 

o950. 
0O0. 

aa.in.6 
l011.1 9s. 

5 
6 
7 

952.3 
949,9 
Olie,I 

Q9;.!i 
933.3 
9ol0 q 

12s. 1 9 lip,3 
94599 t74.2
0 14. r%;.7.3 

'4 
A4.5 I 
A 60. 7 

012. 5 
q,4.g 
.41a. 

SA13061 SA.17 o.* 553.)a5 5514..7 5511 ..3 5-f .P 
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MI DDLE 
73 74 75 76 77 78 

I 668.2 414.7 5065 700.5 403.0 76.9 
2 505.4 654.9 40M.4 594.6 6R6.5 494.0 
3 569.5 593.5 641.7 301.3 570.Q 672.8 
4. 47.7: . -57 . .1 571.%- . - .* :. .... 3Q0.*' S61 .4 

S SIJ 1132,1 1653.0 1644.6 1693.3 1753.3 1163.7 

73 74 75 76 77 73
 
1 340.0 Q.6 251.3 295,9 173.6 218.0
 

2 272.3 333.2 197.8 246.3 299.9 170. 1
 
3 237.0 266.Q 32 6.5 184.O 241o3 29.4.1
 
4 205.6 232.3 261.5 32r.0 I90.3 236.5
 

S.SIm ;149.3 701.7 765.6 726.1 704.P 672.2
 

E*TEACHER
 
73 74 75 76 77 78
 

1 6.3 4o4 9.2 10.Q 0. 0.
 
2 6.5 6.0 4.2 9.9 10.5 0.
 
3 5.9 6.2 5.8 4.1 8o5 10.0
 

S oSIN1 12o8 10.4 13.4 1907 10.5 0.
 

Co UI I,
 
73 74 75 76 77 79
 

1 50.1 59.1 69.1 933.9 50. 4 69.6
 
2 47.3 4.1 55. R 65.4 90.5 49.4
 
3 42.3 45.4 46.2 53.5 62..9 77.3
 
4 39.4 40.6 43.6 44.3 51.4 60.3
 
5 2q.8 35.0 30.0 41.9' 42.6 40.3 

S ,SIN4 1Ma.1 192.2 213,6 P47.1 P45.1 254.6 

TITAL 8564.6 A235.3 9231. 8211.0 9264.9 93qQ.6
 

DISTRI8IITI'OJ OF TRE ST11DETS 
73 74 75 76 77 7.
 

E1 EM EMTA ." 66.4f, 61. 05 67096 57.41 67.17 65.7A
 
NtIDDlE 21.39 19.05 19.99 90.50 P1.21 22.19
 

6.02 9 9.5r, Q.30 4.94 9.53 9.00 
E.TFACHER .15 s13 .16 .24 .13 0. 
C .IM I', 2.08 2.32 2a60 3.0! 2.97 3s03 

OVERALL FPIRI.L',MIT RATIO 1F SCH33I
 
MGE PI31iLI+TI q1N * 

73 74 75 76 77 79 

E'05F.I. 1I 10.5*4 Intl. 4 013.9.7 13.0.o 302.04 101.46 
LFVEL 0 6A.43 61.9A A.71 63.31 65.A96. 6.o. 
LIIEI, 3 35.19 31.16 P1.6c 25.07 25.44 24.57 

1.W.UEIL 4 6.92 O.Q7 7.43 ;j.in 7.7; 7.56 
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THE RATIO OF STUDETS-FLOW NIVIEMT
 

FRV'I EL EDITARYT13 MIDDLE
 
73 74 75 75 77 7R
 
70.478 44.600 65.221 75.545 57.396 95.357
 

FR13M MIDDLE T1 HIGH
 
73 74 75 76 77 79
 
72.lQ6 34.3QJ 43.47 47.034 44.477 39.9V3n
 

FROM HIGH TO E.TEACHER
 
73 74 75 76 77 79
 

3.064 1.894 3.518 3.406 0. 0.
 

FROM HIGH TO C.oUNIV.
 
73 74 75 76 77 73


5
24.368 25.015 26.040 26.P1 27.048 2q.0O'4 

61014, E.ITER YVJR 3PTI'i?
 
?THAT
 

EMTER F']LL0 T
,! GS----

I. THE ST3CK :F TEAC4ERS I'l 94SE YEAR 
2e .NEVf ENTERIJG TEAC*I--RES 1\1 ml-.-MVINMr CE9,[DS 

WITH DECIMAL P3IMT AND SEARATE '.JIT4 C'IMMA.
 

ELEMDITARY
 
? 107.3,2.0, 4.9,3.7,7.0,4.q,
 

.41DDLE
 
?43.2,00 7, 4. 4. 5.0, 4.7, 5.9,
 

H V, L 
727. 9,3.7,0. 3,0., 0.4,0.,
 

MATRIX IF ST'CK( CANM'E
 

ELEM ITAR? 
73 74 75 76 77 73 

73 107.3 2.9 4.0 3.7 7.0 4.0 
74 0. 103.5 q.8 4.7 3.1 6.8 
75 0. 0,. ;.7 4.6 3.4t 
76 0. 0. ,0. .i06L .,it 
77 0. 0. 0. 0. 0.,1 r) P05 

71 0. 0 n, n, r. . 
slim 107.3 10A.4 107. A 10f7.6A I n1.,; lI 
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4 1DDLE 
73 74 75 76 77 79 

73 4392 .7 4.4 5.0 4.7 5.R 
74 0. 40.6 .7 4.1 4.7 ,.4
 
75 0. 0. 38.2 .6 3*0 4.4
 
76 0. 0. 0. 35.9 .6 3.7
 
77 o. 0. 0. n. 33.7 .5
 
78 0. O. 0. . 0. 31.7
 
SUm 43.2 41.3 43.2 45.6 47.6 50.5
 

73 74 75 76 77 78
 
73 27.9 3.7 .3 0. .4 0.
 
74 0. 26.5 3.5 .3 0. .4
 
75 0. 0. 25.2 3.3 .3 0.
 
76 0. O. 0. 23.9 3.2 .3
 
77 0. 0. 0. 0. 22.7 3.0
 
78 0. 0. 0O. 0. 0. 21.6
 
,i 27.9 30.2 29.0 27.5 26.6 25.2
 

STUD.,TS/TEACHER RATI3 
73 74 75 76 77 79 

ELEMENTARY 53.05 5..Q7 51.Q3 51.46 50.11 50.17 
, IDDT.E 42.41 40.0 39.04 36.89 35.134 36.47 
41GH 30.44 25.21 25.40 .6.36 26.53 26.53 

PJ'3!F, ENTER Y'3UR OPTION? 
?CMAT
 

EhITER FlLL34tNC)S: 
I. STOCK( -F T'4E CI.ASSR11h N'! BASE YEA'l
2.1NEIJ CLASSR13"M TO 8E C.INISTP110TED Il t ilIq 

PERZIDS. '[JtT- DECIMAL A*'ID SEDARATE 'AIT C-3MMA. 

ELD4ENTARY 
?76.0,4.2,3.0,2.5,3.7, 4.3, 

%II DOLE 

?28.7,0., 1., 
0.1
 
I t.LEGAL CO-PANID.
 
?0., 6.7,
 

1%1 ;!R AS,3UT LIME WIIMJER r}l000. .I4!RE DATA THA.I IIT-RFFAJTER DATA. 
?P i.7,0., !.,0.,0.,6.7, 

7 13.,.,O.,O.,0.,0., 
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MATRIX 3F ST3C CHfbIGE 

EL EMENTARY 
73 74 75 76 77 79
 

73 96.9 4.2 3.0 2.5 3.7 4.3
 
74 0. 93.0 4.0 2.9 2.4 3.6
 
75 0. 0. 99.3 3.9 2.9 2o3 
76 0, 0. 0. 95.7 3.7 2.7 
77 0. 0. 0. 0. 82.3 3.6
 
7 0 0. 0. 0. 0. 79.0 

SUM 96.9 97.2 96.3 95.0 Q4.9 95.4 

MIDDLE 
73 74 75 76 77 78 

73 28.7 0. 1.0 0. 0. 6.7 
74 0. 27.6 0. 1.0 0. 0. 
75 0. 0. 26.4 0. .9 0. 
76 0. 0. 0, 25.4 0. .9 
77 0, 0. 0. 0. 24.4 0. 
78 0. 0. 0. 0. 0. 23.4 

SUm 28.7 27.6 27.4 26,4 25.3 31.0 

IIGP,. 

73 74 75 76 77 79
 
73 13.8 0. 0. 0. 0. 0. 
74 d: .. 3. 2 0. 0. 0. 0. 
75 0. 0. P.7 0. 0. 0. 
76 0. 0. 0. 12.2 0. 0.
 
77 0. 0. no 0. 11.7 0.
 
79 0. 0. 0. 0. 0. 11.3 

SUM 13.8 13.2 12.7 12.2 11.7 31.3 

STUDE4TS/CLASSR3IM RATIO 
73 74 75 76 77 79 

ELEDETARY 58.o74 57.*9 59.07 59.7 53.51 59. fi0 
mI DDLE 63.94 60.00 50.01 5I3.-8 69.31 .in. 5 
KIGi 61.5/ 50.76 60.20 59.47 6n.13 59.74 

V .3W., E'NTER YlliR COTION? 

?BrC
FNITRY ERR9R-....TR'! AGAIN 

'lt'l, ENTER YOUR i 
?CS
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ENTER TEACHERS SALARY PROJEGTED--- FROM 
THE BASE YEAR T3 LAST PERIOD 
'?LCl ENTARY 
? 63561., 657140., 694212. 72366., 78022. , 32422. , 
81I DDLE 
? 33342. a 33375., 36481. s40250.,43784. 48655., 

? 24133.&27140. P271148.,26773.,25907., 26624. s 
E.TEACHER 
?975. *842., 1109., 1692.,933., 0.,
O .UNIV. 

? 16030.,8233.,21080.*25395.,26714.28861. 

PATTERN OF RESOURCES 
73 

ELLIENTARY 49.73 
MIDDLE 22.50 
HIGH 16.29 
E.TEACHER o66 
C.UNIV. 10.82 

ALLOCATIOH 
74 
51.47 
20.35 
16.55 

.51 
11.12 

75 
50.12 
21.75 
15.48 

.63 
12.02 

76 
48.92 
21.73 
14.45 

.91 
13.98 

77 
50.26 
22.15 
13.61 

.47 
13.51 

76 
48.1*a 
26.92 
11.96 
0. 
12.97 

THE TOTAL RESOURCES - 1366309 

73 
74 
75 
76 
77 
78 

B/C RATIO 
3.378 
2.692 
2.458 
2.297 
2.147 
1.905 

BDIEFT 
625604.5 
551741.9 
5390Q4.2 
531711.9 
530561.3 
529754.3 

RESOURCES 
135217 .4 
204984.' 
21925.9 
231521.i 
247143.2 
278156.8 

' '',i,ENTER YGUR OPTION? 
? END 

ST3P 

CP 4.945 SECS. 
RUN CGMPLETE. 



RU iHA=70000
 

74i/08/16. 15.30.26. 
PR9GRAM SE4SOR
 

ENITER FILE JAME OF BASIC DATA? 
?DATAS
 

ENTER FILE NAME 0F POLICY INPUT? 
? CAPITAL
 

THIS PROGRA4 ALL0', FlLLINr '3PTI'iS: 
EC COTE.----------P.ES! WALUZ 3 F 4A.GI.IAL 

BEJEFIT,C,'ST AJD 'MET BDIEFIT 
UCOST-------- F'I.CAST U\TIT P. CIJ.=.Pt.P'r C3ST 
EMAT --------- FECST STTID:JT TPL'AT MAT11X 
ThAT --------- F..CAST TEACHER-STICIC MTR I' 
CMAT--------- FRECAST CLASS.1'l- STIC:( M.ATRIXI 
C9------------ CP.TF TH i. MEASURE q :'-_-IF!T/C,!ST RATIR 

TERM!I.ATE-D T-IS F_,<E.CISE. 

'sJ.;,]W ENTER Y!UR 90TION? 
? ECO 

THE PRESENT "ALUE 3F------

BENEFIT CO ST 'IT 37V'IEFIT 
'41DDLE 3 3 .1,3 75.34 023 o53 
t ir" 7V51 38 0..64q3.3 66P. A0 .,TEACHEP 337.• 6 15o 7.5 17r.eqn 

C I.UN I v. 633.77 4'0.68 143 .n:) 

http:15.30.26
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491t4, ENTER YOUR OPTION? 
?UCOST 

AVERAGE TEACHiERS SALARY 
73 74 75 76 77 7 

ELEI1ENTARY 52.5 55.4 59.4 61.6 65.0 68.6 
A I DDLE 64.4 67.9 71.7 75.6 7Q.9q 84.2 

-. 3 5.2 . 1.- " 4.6 8.f 
E.TEACER 101.6 105.7 109.9 114.3 118.9 123.6 
C.UNIV. 144.*4 150.2 156.2 62.*4 168.9 175.7 

UNIT RECURRING COST PER STUDENT 
73 74 75 76 77 78 

ELEMENTARY 37.0 14.6 15.4 16.3 17.2 18.1 
. 1D"LE 15.8 16.6 17.6 18.5 10.5 20.6 
IGH 35.9 43.4 45.1 46.9 45.8 50.7 

E.TEACHER 95.8 99.1 103.0 107.1 111.4 115.1 
C.UN IV. 112.8 118.6 123.3 128.2 136.2 141.7 

14j1, ENTER Y3UR OPTION? 
7 EM4AT 

ENTER M3. OF D-ITERI1i( STUDE'ITS I. PLAM-41lH1 
PERIOD. VITH DECIMAL P3VTNT AND SE=A.ATE WITH C3MIA. 
FRZ'9 SECNID PERI3D Tl LAST -R IOD 
ELEMEMTARY
 
?98c.3,913.9,979.4,947.9,997.1,
 
,4 1 DDLE
 
?929.9,914.6, 724.1,771.4, 323.2,
 

?201.7,364.5."424.3,1F8.6,#444.7,
 
Eo.TEACH{ER 
?9. !,9.11 i0.9,0.,12., 

? 5. 1, 68. ,3. 9,55.4, 9.5,
 

FCRECASTIlT, OF T4E STI.DF.ITS FL3ZI 

ELV1EHITA9Y 
73 74 75 75 .77 7: 

1 956.7 80o.3 993.9 979.4 nR7.9 Q97.1 
2 016.2 037.6 960.5 Q64.9 o5soq 06A. 1 
3 n33.1 907.0 C1 .$ n-50.1 0 11is. Q 0.5 

.
4 85, 0 01/4.4 :70o9 W0.lt 031.1 ,. 
5 9, o3 Q65.5 9Q6.1 9 i'2 3 qR.4 l4P.5 
6 o41.8 033.3 046.2 A71,. 845. 144 .1 

glo;'l 5.619. 1 5.1,7. 55040.5 .5bia.o 7,3 ''L 5 =n. 
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'4!DDLE
 
73 74 
 75 75 77 713 

1 6641e.2 029.1A q14. 6 71-4.1 771.4 1 9.0
505.4 654*8 921.2 19.3 70n.6 756.0 

3 553.5 53.5 641.7 ;393.0 q79. 4 605.4 
4 467.7 557.1 571.9 62q.o q 175.1 8R60. B 

S*SIi I132. 1 2168.1 2467.5 2513.4 2359.4 P.7Q,6 

HIGH
 
73 74 7675 77 7;(

1 340.0 201.7 364.5 424.3 161.6 444.7 
2 272,3 333.2 197.7 357. . 1415,e 165.2 
3 237.0 266.9 3.6,5 193.7 350. 1 407.5 
4 205.6 232.3 261.5 320.0 199.6 343.1
 

S SLIM 849.3 801.8 
 81.R 7 975.2 934.5 1017.4 

E, TEACHER 
73 74 75 76 77 75


1 6.3 90.1 0.1 10.0 0. 12.0 
2 6.5 6.0 7.5 8.7 10.5 0. 
3 5.9 6.2 5,9 7.5 1.4 10.0 

S.SUi 12.53 14.1 16.9 19.6 10.5 12.0 

C, IN I V, 
73 74 75 76 77 7 

1 50.1 511.1 611.1 R3.9 55.4 Qq095
2 47.3 41. 1 55., ,55." 90.5 53.2 
3 42.3 45.4 46.2 53.5 6P..1 77.3 
4 3,3.4 40.6 43.6 44.3 51.4 60.3 
5 2109 36,q 39.0 4103 42.6 40.3 

SSUM 1781 19292 213.6 247.1 250.1 290.3
 

TOTAL 8564.6 1814.2 911.2 9105.7
9290.1 92093. 5
 

DISTRI91ITIP OF THE STIDFITS
 
73 74 75 76 77 79
ELENI-ITARY 66,46 63.05 I.0 03 5c) 
 53 A. -j 60.91 

MI DDJE 21.39 24.60 26.8:1 27,n5 P5.01 24.76 
H!G1 9.92 9.10 9.51 10.50 10.26 1 1.05
E* TEAC'-ER .15 ,16 .19 .21 
 oil .13
 

.C , N.I , 2, 08 20 I P.33 2.66 2.73 3. 5 

OVERALL i7"JLL4F4IT RAT!S 3F SC2FJ*L 
AGE VU LAT! 2.: 

73 74 75 7', 77 7 R
.EUFL 1 105.2/. 104.46 10.17 103.00 1no..'4) In.6 

IFY.UE 2 6,.13 31, 16 np., 5:2 QZ'.3 ;,1.3 85.53
% 3 35.10 31,s. 3.3 3', 33, 7,' 37s 10 
I, 4 6.0'4 7.2) 7. JA -34 In 7.1 .4.07 
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THE RATIO OF STUDENTS-F!l!'J ?4IIEEIT 

FRP3 EL4m'NTARYT'3 MIDDLE 
73 74 75 76 77 74 
70.478 99.9Q7 100.001 7A.090 g9. 2q 100.0o3
 

FR1'4 MIDDLE T3 HIGH 
73 74 75 76 77 79
 
72.696 36.203 63.744 67.467 19.266 51.660
 

FR34 HIGH TO E.TEACHER
 
73 74 75 76- 77 71
 

3e064 3.487 3.480 :.406 0. 3.49$
 

FROM HIGH TO C.UNIV. 
73 74 75 76 77 78 
24.368 25.015 26.040 26.218 20.183 20.003 

;J3. LJITER YlUR 3'TION? 
? THAT 

EN TER F3l.L0' ING$ .... 
I. 	 TqE STOC'( J7 TEACHI1RS N1 9ASE YEAR 
2. 	 NE'J E.JTERIPG TEACHERS IM .LANIVIIG DERIODS
 

WlITH DEC!IAL 0JINT ANID SEPA ATE WITH C34MA.
 

SLBEXEITARY 
?107. 3,0., 0. 0., 0., 0., 

41 DDL E
 
? 43.2, 0. , 0., ,0. 0.9,.
 

H I G' 

? 27. 9. 4. 1, 4. 7, 5. 0 3. R, 4. 0, 

MATRIX IF STICK CHNIVIE 

SL 	EMTARY 
73. 74 75 76 77 0 e 

73 107,7.3 n. no no 
74 0. 103.5 n. 	 0.. n. 
75 0. 0. O9*Q 0. 0. 0. 
76 0. 0. 0f Q0il. nO, 
77 0. 0. n. 0. 03.fn. 
7q 0. o. 0. o. (4,01 

I)7.34 1.04 103.5 qa.Q 0o.4 0o.0 0 9 
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4 1DDLE 
73 74 75 76 77 78 

73 43.2 0. 0. 0. 0. .9 
74 0. 40.6 0. 0. 0. 0.
 

75 o. 0. 39.2 0. n. 0.
 
76 0. 0. 0. 35.9 . .
 
77 0. 0. 0. 0. 33.7 O.
 
78 0. 0. 0. 0. 0. 31.7
 

sUm 43.2 4r).6 38.2 35.9 33.7 32..
 

HIf( 
73 74 75 76 77 78 

73 27.9 4.1 4.7 5.0 3.8 4.0 
74 0. 26.5 3.9 4.5 4.7 3.0
 
75 0. n. 25.2 3.7 4.2 4.5
 
76 0. 0. 0. 23.9 3.5 4.0
 
77 0. 0. 0. 0. 22.7 3.3
 
7 0. 0. 0. 0. 0. q-.6
 
SUm 27.9 30.6 33.R 37;1 39.0 42.0
 

STUDE-TS/TEC'{ER RATt3
 
73 74 75 76 77 7A 

ELEMI TAR. 53.05 54.45 55.90 57.40 50.66 62.47 
*4TDDLE 42.41 53.39 64.64 70.(5 69.5 60.q2 
141rN 30.44 26.20 26.31 26.30 23.94 p.2.24 

jgW, DITER Y3UR OPTION'?
 
?C'AT
 

EATER FOLLOWINGS
 
I. ST3CXC IF T4E CLASSR1P4 11; SASE YEAR 
2.HEI 	CLASSR304 T.l BE C3NISTRUCTZD I P!.ANIN!lfn 

PERIOJDS. 'liT'( DECIMAL ANID SEPARATE 141T4 Cc!'A. 

ELM4ENTAY
 
?96.9 19.J, 2., 2. 4, 3. 7,4.5, 

.I DDLE
 
? 28.37, 1S. , 7.9., 1.,922.0, 0.,
 

? 13.3, 0. 1,2. 0, 2. I,"L0, I.7,
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MATRIX OF ST3CK CHAMGE 

ELEM'4MTARY 
73 74 75 76 77 78 

73 96.9 19.1 2*. 2.4 3.7 4.5 
74 0. 93.0 19.0 2.7 2.3 3.5 
75 0. 0. 89.3 18.2 2.6 2.2 
76 0. 0. 0. 85.7 17.5 2.5 
77 0. 0. 0. o. 82.3 16.8 
78 0. 0. 0. 0. 0. 79.0 

SlIm 96.9 112.6 111.1 109.1 108.4 108.6 

.'1 1 DDLE 
73 74 75 76 77 79 

73 28.7 15. 7.2 1.9 22.0 0. 
74 0. 27.6 15.2 6.9 1.8 21.1 
75 0. 0. 6.4 14.6 6.6 I.S 
76 0. 0. 0. 25.4 14.0 6.4 
77 0. 0. 0. 0. 24.4 13.4 
78 0. 0. 0. 0. n. 23.4 

Sli 21.7 43.4 48.8 43.8 65.8 66.1 

1i1I G1 
73 74 75 7A 77 79 

73 13.9 *1 2,0 2.1 4.0 1.7 
74 0. 13.0 *1 1.9 2.0 3.8 
75 0. 0. 112.7 ,1 1. 1.9 
76 o 0. 0. 12.2 .1 1.8 
77 0. Of * 0. 11.7 .1 
78 0. 0. 0. 0. 0. 11.3 

S1IN 13.8 13.3 14.8 16.3 19.7 0.06 

STUDEITS/CLA5SS.11 RATI3 
73 74 75 76 77 78 

"LE4 "DITARY 5.7 "/.4 49.q7 5.35 50.75 51.21 51.67 
NTDDLF 63.84 50.nl 50.55 51.51 34.27 34.51 
-iIGH 61.54 60.07 59.99 59.75 47.51 4q.43 
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-10W, ENTE YOUR OPTION? 
? sC 
ENTRY ERROR----TRY AGAIN 

NJOW,,ENTER YO.UR OPTION? 
?CB 

ENTER TEACHERS SALARY PR .ECTED--- FROM 

THE BASE YEAR TO LAST PERIOD 
ELEME£NTARY 
? (3560. 68807., 70009.* 7125Q. ,72504-, 74006-, 

iIDDLE 
?33342.,3308 1.,32867.,.32568a.32271..32900.o 
H IGH 
?24133.,27488 ,31555.,36027., 3S604, I0441., 

ESTEACHER 
?975., 1133.,1399°,1692.°933.. 1118., 

G.UNIV. 
? 16030., 18233. .21050o, 25894*,27001., 32655., 

PATTERN OF RESOURCES ALL3CATION 
73 74 

EL£E NTARY 47.33 51.43 

MIDDLE 25.09 28.06 

HIGH 15.69 12.06 

E.TZACHER .64 .49 

C.UNI'v. 10.55 7.q5 

75 
45.90 
25.09 
17.65 

.71 
10.65 

76 
4-.03 
20.28 
lQ.*5 

.85 
12.9Q 

77 
30.35 
30.32 
17.67 

.30 
11.27 

78 
45.24 
17.63 
20.30 

.52 
15.31 

THE TOTAL RESOURCES = 1539139 

73 
74 
75 
76 
77 
78 

B/C RATIO 
3.295 
2.361 
3.271 
3.559 
2.745 
3.228 

B271JEFIT 
625604.5 
676-361.2 
809392.9 
886400.3 
821973.5 
860791.0 

RESlUFRCS 
199953.9 
2 6-53.0 
24743q.0 
p-) I11 1.2 
20q439.5 
266642.0 

M13"o, ENJTER YOUR OPTI0OJ7 

STOP 

cP 4.958 
RUN COMPLETE. 

SECS. 
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Analysis of the Results
 

When it comes to considering the hypothetical plan

ning situation and crude formulation of the goal-programming
 

model of the problem caused by the limit of computer memory
 

storage available to users,4 the detailed analysis seems
 

almost unnecessary. Under the planning situations described,
 

it was possible to observe the following general tendencies.
 

1. 	When the two types of educational input policies,
 

Labor and Capital, were compared with each other in
 

their impacts on unit recurring cost, the gradual
 

increase was estimated under the labor policy, while
 

the reduction in the beginning and less gradual in

crease, later, was expected under the capital policy.
 

In capital policy, the base and annual rates of in

crease of teacher's salary were higher than those in
 

labor policy. However, the larger students/teacher
 

ratio in capital policy made a signiiicant effect in
 

reducing unit recurring cost.
 

2. 	Under the given resource constraints, the capital
 

policy can be evaluated to be more contributive in
 

achieving the goal of extending compulsory education
 

and the social demand for high school and college and
 

4In order to develop a goal-programming model under
 
the limit of 120k memory storage, the socio-cultural con
straints on student flow movement (meaning that the rate of
 
entering students should be on a trend within a certain
 
range) were omitted. Consequently, part of the solutions do
 
not follow recent trends.
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university education than the labor policy. This
 

achievement is attributable to two effects brought
 

about in capital policy: First, the lesser unit
 

recurring cost and less tight constraints on teacher
 

level made it possible to increase enrollment size
 

in the middle school particularly as its primary
 

effect. As a secondary effect, the resources saved
 

in 	elementary and middle school levels can be trans

ferred for expanding the high school level.
 

It 	is very interesting o note that the social
 

demand for college of education was easily achieved
 

in 	any of the eight cases. Neither teacher nor
 

classroom constraints were imposed on the college
 

level in this study.
 

3. 	With no surprise, more new teachers were required
 

under the labor policy, while a lot of new class

rooms were required under the capital policy.
 

Under the given situation defined with the con

straints on sources of supply for new teachers and
 

constraints on financial resources, it was more dif

ficult to provide the quantity of classrooms required
 

rather than the right quantity of teachers. This
 

might imply that the market cost of educational in

puts such as labor and material capital should be
 

carefully considered in formulating the educational
 

input policy. The trends in the ratio of students to
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classrooms indicate that the goal of providing the
 

right quantity of classrooms made a negative impact
 

on expanding enrollment size in middle and high
 

schoolb as a major constraint.
 

4. 	The cost/benefit ratio indicates that the capital
 

policy is more effective in achieving the enroll

ment mix which would bring higher economic benefit.
 

Generally, the cost-benefit ratio in capital policy
 

was higher than that of labor policy. These results
 

can 	be explained with two facts: 
 One is its lesser
 

recurring unit cost and the other is its effective

ness in expanding the enrollment of the high school
 

level which has the highest coefficient of net
 

present value of economic benefit.
 

5. 	Under the given situation it was certain that there
 

is a conflict between the goals of expanding enroll

ment of middle school level and that of high school
 

level. The more the enrollment of middle school in

crease, the more difficult the increase in enrollment
 

of 	high schools would become. This may be the situa

tion where the highest priority is given to the goal
 

of 	expanding which fosters some political ambitions.
 

In the case of compuslory education to the mid

dle school level, the political goal can only be
 

achieved at the cost of slowing down the normal
 

growth of enrollment of the high school level. And
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it would be possible only by following the mass

production mechanism such as described in the case
 

of capital policy.
 

6. 	In this simplified experiment, it was noticed that
 

the external goals generate the demand-push effects
 

on the capacity of the system. There exists an ob

vious conflict between the two sets of goals. How

ever, when some exogeneous variables such as the
 

six-year-old school age population and the financial
 

resources level available were given to the goal
 

programming model as environmental limits for the
 

growth of the educational system, the demand-push
 

effects were bounded by the quality control effects.
 



CHAPTER IV
 

SUMMARY AND CONCLUSION
 

Summary
 

In this study the application of systems analysis in
 

educational policy planning was classified into two groups:
 

forecasting approach and policy approach. The multidimen

sional aspect of the objectives in managing educational sys

tem was perceived as one of the most difficult problems
 

involved in the policy optimization approach.
 

This study was primarily concerned with developing
 

an educational input policy planning model at the national
 

level which can deal with policy alternative as a con

trollable input for achieving multiple administrative goals
 

under the given planning situation. It was also intended
 

to develop a man-machine interactive policy planning system.
 

The educational policy planning system was conceptualized as
 

an information processing system which transforms the in

puts (policy-alternatives, goals, priority and exogeneous
 

variables) to the optimal solution, and a forecast of the
 

future educational system based on this optimal solution.
 

The goal-programming decision-model was formulated to search
 

for the optimal solution under multiple goal-setting.
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For numerical illustration, this policy planning
 

model was applied to the case of Korea where two recent
 

planning reports were available as sources of information
 

from which to formulate hypothetical administrative goals
 

and different types of educational input policy.
 

In the second chapter, the applications of systems
 

analysis in educational policy planning were reviewed. 
Also,
 

the two educational planning reports in Korea were briefly
 

introduced. Focusing on the need of a decision model for
 

multiple goal-setting, goal-programming was introduced in
 
detail with basic concepts, mathematical properties, major
 

applications and limitations.
 

The third chapter proposed the conceptual framework
 

of a man-machine interactive educational input policy plan

ning system. 
The inputs to this system (administrative
 

goals, educational input policy-alternatives) were opera

tionally defined. Then, the goal-programming policy plan

ning model was formulated. Finally, the forecasting sub

system, a computer program, was developed. In order to
 

illustrate this approach five administrative goals were se

lected. They were: 
 (1) to extend the compulsory education
 

from elementary to middle school as much as possible, (2)
 

to satisfy the social demand for education at the high school
 

and college/university level up to the targets specified by
 

the goals, (3) to maximize the economic return to investment
 

in education, (4) to provide the number of teachers needed,
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and (5) to provide the classrooms required at the elementary,
 

middle and high school level as specified by the input
 

policy.
 

Two types of educational input policy were formulated
 

in terms of (1)student/teachers ratio, (2)average teachers'
 

salary, (3) students per classroom, and (4) allocation of
 

financial resources to instructional materials and equipment.
 

One was called labor policy which was characterized by the
 

intensive use of more teachers paid less in smaller learning
 

space with the aid of less instructional materials and equip

ment than the other policy, termed capital policy.
 

The fourth chapter illustrated the procedures and
 

results. This policy planning system performed three main
 

(1)to store basic data and policy alternatives,
functions: 


(2)to generate the optimal solution and (3) forecast some
 

indicators of the future educational system based on the
 

optimal solution.
 

Under the hypothetical planning situation described,
 

two types of educational input policy were compared to each
 

other in terms of achieving the goals. The comparisons were
 

made under the four different goals-priority situations.
 

The simulation runs indicated the following tendencies:
 

1. 	The goals, such as (1) to extend compulsory education
 

from elementary to middle school level, and (2) to
 

maximize the economic return on investment in educa

tion, would be better achieved by following the
 

capital policy than the labor policy.
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2. 	The goals such as (1) to provide the teachers and
 

(2) classrooms required as specified with input
 

policy, could not be fully achieved. The shortage
 

of teachers in the case of labor policy and the
 

shortage of classrooms in the case of capital policy
 

were anticipated.
 

3. 	The contributive aspects of capital policy, as
 

opposed to labor policy, was explained by its im

pact on the unit recurring cost and the relaxation
 

of the teacher constraint.
 

In capital policy, the base and annual rates of in

crease of teachers' salary were higher than those in labor
 

policy. However, the larger students/teacher ratio made a
 

significant effect in reducing unit recurring cost.
 

Conclusion
 

The conclusion was reached on the basis of the ap

plicability of the approach and goal-programming model. The
 

illustration indicated that the approach developed in this
 

study would be applicable to the following needs of the policy
 

planning approach.
 

1. 	Policy-orientation: the policy-variables were sepa

rated and related to the goals. Its contribution to
 

achieving the goals can be analyzed.
 

2. 	Multiple goal setting: By applying the goal

programming model, the optimization of the decision
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variables for multiple goals can be attempted with
 

ordinal measurements of the importance of goals.
 

3. 	Utilization of decision-makers' subjective judgement:
 

In the process of identifying and ordering the goals,
 

the subjective judgement of the decision-makers' can
 

be utilized. Thereby, the communication between the
 

decision-makers and systems analyst can be improved.
 

4. 	Tool of policy-experimentation: Policy alternatives
 

and some exogeneous variables uncertain to decision

makers can be studied with the computerized policy
 

planning system.
 

The 	goal-programming model was applied to the policy
 

planning approach which deals with multiple goals. The goal

programming model provided both the optimal solution and the.
 

necessary information about conflicts among the goals. In
 

order to apply the goal-programming model for policy planning
 

under the multiple goal setting, the following requirements
 

had to be prepared.
 

1. 	Defining the goals operationally and ordering them
 

according to their importance. For a successful ap

plication of the goal-programming model, the educa

tional decision-makers would be challenged to define
 

their perception of goals operationally.
 

2. 	Describing the educational activities in terms of
 

well-defined technical relationships.
 



135
 

Unless these two requirements were accomplished the appli

cation of goal programming model would be meaningless.
 

In this simplified hypothetical planning situation
 

the indicators of the future educational system seemed to
 

be more sensitive to the types of educational input policy
 

than to the types of goal-priority situations. This might
 

imply that either the type of input policy would be a very
 

significant factor in achieving the goals or that the goal

priority situation is not well formulated to represent
 

multiple dimensions of administrative objectives.
 

rhe goal-programming model usually requires more com

puter memory storage because of the multiple objectives and
 

additional dimensions of priority. A huge amount of memory
 

storage would be required to formulate the planning problems
 

more realistically. A realistic interpretation of the solu

tion would be jeopardized by the simplification of the
 

planning problem. For this reason, the decomposition method
 

of programming should be better attempted in modelling the
 

planning problem.
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APPENDIX A
 

COMPUTER PROGRAM OF GOAL PROQRAMMING
 



GOAL PROGRAMMING COMPUTER PROGRAM 

PROGRAM ALLfl( JPJTOUTPUTTAPE5:-INPUTTAPE6=OUTPUT) 
DIMENSION KFP'(9-5),iHS1(96),oIALY(9699),Y(96) 
DIMENSIIN PR7.-)IT'6,V.(9,(~20gAX920 
DIMENSIJN XC2?O),RVLX('3,2?O)
 
DIMENSIONJ 01(612J)
 
DIMENSI IN 02( 16)
 
COMMON C
 
GOAL FF0GRA4M:~IG 
CALL Sr.ART(N,9,L,C,VALXtVALYPP0TRHS1,KPCKKEPTTEST) 
00 21 J=1,M 

21 	X(J)=j
 
00 20 1=1,H
 

20 Y(I)=l
 
15 FORMAT(13,F12.1)
 
12 FOPMA7(1,GF8.1)
 
13 FOPAT(3F9*0)
 

DO 25 K=IL
 
00 25 I11,N
 
VALY (I,K)=VALXCK,I)
 

25 	COIITINUE
 
ITABS0 
ITERO0 

31 L1=0
 
32 K3=L-LI
 
33 	 TF(K3-1) 800,40,'40 
4.0 	 00 60 K:1,K3 

00 	60 J=iM
 

00 	50 1:1,N
 

50 CONTIWUE
 
PVL)UK,~ J) =SUMP- VALX(KjJ)
 

5~0 CONTINL'E
 
ITEF=iTER4I
 
ZMAX=C.
 
00 	 90 JI~ 
!F(K3-L) g2971#73 

32 	K4:K3+1
 

IFCFRVLX(KgJ) ) 33,91,91
 
)1 CONTINUE~
 
70 TF(r.VLX (K3,J) -Z4%X) 90, 'Be 8
 
~30 	 ZMAX:FkVLX(K3,J)
 

K2=J
 

35 	!F(ZMAX) 79tj,7930I33 

110 WRITE(6,i3) P-;OT(1) 
GO 'to i3c 

120 IF(C(I,;<2)) i130,0,i 
110 tAT(I)=-i. 

GO TO1-G 
140 A4T (I)=Ph )T(I)/C( ,K2) 

150 C0NTIWEU 
I=I
 

170 1=1+i
 

138 
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140 WRITE(ftil) A.1r(4)
 
GO TO 81G
 

.210 ZMINAtr(i)

KivI
 

220 x:1.1
 
XF'(:-r%) 230,211tNO
 

230 IF(AMT(II) 223v2'+3,240
 
2.0 	IF(ZtMIN-AbT(I)) UOZ0210
 
130 	 Y(Ki)=X(K2)
 

00 310 KIl,L
 
VALY(KI ,K):VALX((,I(2)
 

310 	CONTINUE
 
00 400 I~iqfj
 

430 	CONTIN~L E 
P~tDT(91)=ZMIN
 
00 499 Iilpj
 

439 02(1) C(IK2)
 
00 488 J=1,1
 

468 D1(J)zt(Kj,J)
 
03=C(K1 ,K2)
 
00 500 J=194
 

00 50C 1=19N
 

530 	CONITIN~UE
 
00 SIC J~jig1
 

C(KIJ)=D1(J) /3
 
510 	CONTIN.UE
 

IF(IT~e) 4a,4J,6J2
 
630 	00 61Cw Tt,N 

610 	CONTIN.UE
 
DO 62C' I=1,N
 
WRITE (E912) (S(IJ)qjjpMl)
 

620 CONTIN~UE
 
GO TO 41
 

743 LL=Li~i
 
GO TO 32
 

820 RITE(6,1Ui4).TEt

WRITE (6,1315) 

1015 FORHATlHi.) 
14 FOPAT~tUxt-EIETI~tJS.........SI5) 

5030 FORMAT(55Xot-HE S:'1'LEX S3LUTIOHt,25X $PAGE C5$) 
liRITE (r- 1[ 1t) 

SC31 FOq'1AT(///5X,*T1E RIGHT HAN." SIJE*) 

WRITE (6,13) Y (I) ,PROT (I) 
810 CONTINU.LE 

WRITE (E-5!02) 
5012 FOPmAT(///5X,$THXE SUBSTITUTION iATES$) 
811 CO 512 :=1914 

812 COMITINUJ 
WRITE(f ,53C?) 

5013 FOFtiAT(///5XvtTHiE ZJ-CJ 4ATRIXI) 
813 P0 bi4 <:1,PL 

http:CONTINU.LE
http:CONTIN.UE
http:CONTIN.UE
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814 	CONTINUE
 
00 620 K=IL
 
ZVAL(K)=0.
 
0O 820 IitN
ZVAL( K] =Z VAL( K) +PROT (I) "44LY(19K] 

820 	CONTI;UE

WAITE (6,5tlo0)
 

5034 	FORMAT(///5Xt* Al EVALUATION OF THE OBJECTIVE FUNCTION$)
 

DO 821 K:=1L
 
KK=L-K
 

IF(TESTEOl,'1) :0 TO 89
 
KK=KK 4
 

59 WRITE(6,15) KKqZJAL(K)
 
621 CONTINUE
 

CALL FIISH(RHSitPR9TVALYPLPKPCKYNKEPTTEST)
 
830 STOP
 

END
 

SUBROUTINE STAPT(NROWSNARNPRT.CVALXVALYRHSRHSIKFCKKEPTTE
 
SST)
 
DIMENSIJN PHS(36)tVALY(96,9)tC(C6221)tVALX(9,220)
 
DIMENSION EOU LS[36),RVLX(9220]),KEPT(96)]RHSI(96)
 
REAL KEG
 
REAL L
 
DATA POSNEG/3HP)S,3HNEG/
 
DATA CATA/iH0'T4/
 
DATA OBJ/3HOBJ/
 
DATA B/iH3/
 
DATA EGtL/1HE911GiHL/
 
DATA WI'T/4HF.SHT/
 
PV= 25 C
 
MR= 100
 
TEST= 0.0
 

10 REA0(5, 1)AtiE,'WSqNVANFRT 
I FOR PIAT('4,?T3) 

LISPthPRT 41
 
IF(NVAq.LE°)) GO TO 1023
 
IF(KPRT.LE.1) GO TO 1020
 

IF(NROWSLE,1) G) TU 1323
 
IF(4NAV-",JNE,4.i33) GO TJ 901

FEAD(5 ll)(ECU%.;(1)] I=Z NROws) 

11 FORMAT( CA1) 
NART=G 
NFLDS=C
 
DO 12 I!lt.nO 3
 
IF(ECUtLS (I) Flo3)NFLOS:tFLCS*i
 

12 IF(ECLtLS(I).EQ.;)FLD='IFLCS,1
 
NSIZE=P'FL ns.NS 3'S3W'JAR
 
IF(NROS.GT.N ') ;3 TO 911
 
IF(tS1ZErT.riv) ;J TO 3j
 
KDUD=NF,T #1
 
VO 16 1=1,N7OS
 
KEPT(1) =0
 
DO 16 J:=10tSIZE
 
C(ItJ)=l°
 
IF(I.EO.J) C(ItJ)=1. 

It rONTINUE 

http:IF(NVAq.LE
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00 161 KciKIODO
 
00 161 J=1t'1S!ZE
 
PVLX(Kt J)30.
 
VALX(Kq J)=0.
 

161 	CONTINUE
 
DO 162 T,=iNR1)WS
 
DO 162 K=I,KDtJJ
 
VALY(IK)=0C.
 

162 CONTIKUF
 
KPCK=G
 
K=KOUC 
00 13 I=t,NROWS
 
IF(ECUALS(1).FQ.E) GO TO 14
 

IF(ECLtLS(M).EQ.;) 50 TO 15
 
IF(ECUOLS(I).JO.L) G0 TO 13
 

IF(ELALS(Q).EQ.3) GO TO 18
 
GO 	TO 9LO
 

14 	 JsI 
VALX(KJ) =. f
 
IJART=NRT +1
 
TEST:i.3
 
GO TO 11
 

15 	KPCK=KF K+i
 
J=NpOhS+KPCK
 
C(IPJ):-1o0
 
KEPT(I)=J
 
Jul
 
VALY(K, J):1.
 
NART=NAT +1
 

TEST=I.)
 
GO TO 13
 

18 KPCK=KPZK+1
 
J:KPCK+ ROWS
 
C (IJ)=-1.c
 
KEPT(I) =J
 

13 CONTINUE
 
REAO5921)ANAIE
 

L9 I=
 
TF(ANAME.NE.OJ) GO TO tP
923 

20 READO(5p ?I) A-l "F I pM T E I
IF(I.NAME.E0.01,TA,, 11 TO 33 

IF(H1.LE.C) GO TO 1022
 

K=L -SF-'i F . )
21 	 FOPMA7~( 69t21 -,I @3

3FCJLE.C) GO TJ 1322 
IF(K.G1 IhPRT) G3 ro 1024 
IF( NME.EC.Nl.T,) GO TO 26 
IF(ANAE.ECPIS) GO TO 25
 

GU TO 27
 
26 	JuI
 

VALX(K, J):TEMO
 
GO TO 21
 

25 	JzKEPT(:)
 
IF (KEPT(I).E lo3) GO TO 1026
 
VALX(K, J)=TEM '
 
GO 10 23
 

27 1F(TE?'P)926,V,1 -6
 

10 PEAO(5, 21)AJ r"E,:, JTEI1P
 

F(ANAPE.EC.,,T GI TO 40
 
IF(I.LE*O) GO TO 13)0
 
2F(JoEQC) Gn ro 100
 

http:TF(ANAME.NE.OJ
http:IF(ECLtLS(M).EQ
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JaKPCKXNROWS J
 

C(IJ)=TEMP
 
GO TO 3')


(60 	 FEAO(59 44) (R!HS( I), I z 194ROWS) 

44 	FOR m AT(3F1C.O) 
WRITE (6,5 315) 

sots FOR?'AT(1HI,55' THE RIGHT tVANO SIOE INPUT*,33X,*PAGE Oil) 
00 	 41 Z I,t4OWS 
IF(F-HS(:) )94*1 ,42,4 

42 PHS(I)=.3o0') 
43 PHSI(I) :RHS(I) 

WRITE(6It11) :t 11S(t) 
1111 FORPAT( 10 Xq13q 2XFt5.1) 

t.1 	 CONTINUE
 
WRITE (h,62( 

620 FOPMAT(Hi1) 
WRTTE (6,5 116) 

Sq16 FORrAT(55XXT4E 3U3"TITUTION RATFS INPUT*918Xt$PAGE 02s)
 
00 	 1112 I=1,N1W3 
WRITE({,27;19) I 

2519 FCOr"AT(///lX, t -RI, ,I5) 

11t2 WiITE(,1i13) (C(cJ) ,J IqNSIZE) 
1113 FOvAT(ICr8.1) 

WR1IE (6,b2C) 
WRITE (6,5017) 

5017 FORHAT(55X tTHE 13JECTIVE FUNCTION INPUT*,IgXFPAGE 03$) 
DO 1114, K=I9NP3RT 

MLISF-K
WRITE ff,.9 1.) 4t 

2150 FOAT(///~fxo0 o3.TY*,I5) 
1114 WRITE(6,1113) (4JAX(KtJ) 9JmijNSIZE)

YRITE (L,620) 

WRITE (6,5 -1) 
5118 FORMAT(55X,tSU99i.Y OF INPUT 1tFORMATION:,i9Xt $PAGE C.) 

NVAPzNh IZE 
WRITE (f-,217) *J-)SNVARNPRTtJART 

2117 FOF.AT(ICXtNtdUM3iJ )F ROWSS.... .. *,I5,/,10X, NU"BEP O VARIABLES 
%....* I5,/I.X,*dUi3ER OF FRIOITY...*,I5/,iLOXvAOCED PRIORITIES 
4***e.ee&.,T 5)
 

IF(hART.GT.") NPjr='NPRT#I 
PETURN
 

qio WRI!E(E,qIL) 
914. FO mATI(PR.GPA " jONTAIIS AN E':ROR EITHER IN THE NU 49ER OF ROwS PUN 

&CHED CF IN THE 
(9OR (L($) 
GO TO 919 

10I0 W-11T E ( 6,p109 1) 

S!,;4 CAO.THE VALUE IS SOMETHING OTHER THAN (E(, (G 

Ial roo"AT( IM',O 
GO TO 939 

)PEI DTA COLUVE OR ROW OEFI'4ITION*) 

q2o WRITE (69121) 
921 FORPAT(t AN nr3J.ECTIVE CARO WITH THE VALUE*9F16*39 tI 

'$ 	FCUKV BUT I J!T!.JCTIO'd AS TO WHICH OEVIATION HAS BEEtJ NEGLECTEOe 
*EXAMINE YOUR OrT% *) 
GO TO 919 

1020 WRIIE(6,1021)
 
1021 FOPMAT( 'JU13E,( OF ROW3, VA4IABLES, OR PRIORITIES CANNOT BE EOUA 

IL 	 TO ZE-O UC'1-.- %14Y CI4CUmSTAN(CES$) 
GO 	 TO S-9 

1022 mTE (6,1C23) 
1023 FOktAT(S COLU1J4 VALUE OR PRIORITIV VALUE IS EQUAL TO OR LESS THAN 

*ZERO $) 

http:IF(hART.GT
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GO 10 9q9
 
911 W11TE( ,912)
 

OF 	 VRIALES NEEOEO TO COMPUTE THIS FROGRAM*$
912 	 FOr&.AT(t THE 'IU13El 

YOUR PROGFANIIERFOR ALU'4OEI PIESENT 0IMEN$IONSS/$SEE.**IS TCU PIG 

4TERING THIS RESTICTION TO OEET YOUR NEEOS$)
 
GO 	TO 99
 

10:!6 l%,ltZ E {,1l127) 

1027 FOPMAT(t ATTEAPT IS MA3E TO MItJIIZE NON EXISTANT POSITIVE DEVIATI 
*ON$)
 
GO TO 939
 

102' WRITE(6,1025) 
1025 FOPMAT(*OJECTIVE FUCTION PRIORITY EXCEEDS STATED NUMBER OR PRIORI 

*TIES$) 
GO 70 999
 

911 WRITE (i,902)
 
902 FOPMAT(*PPO3LEt :ARO MISSING OR MISPUNCHEOS)
 

GO TO 9)9
 
926 WRITE ((. I?7)
 
927 FORMAT(,A CARO I'4 THE 38JECTIVE FUNCTION OEFINED SOMES/S
 

"VALUE FOR THE O3JECTIVE FUNCTION BUT FAILED TO OEFINF WHETHER$/$ 
*THIS WAS TO ADPLY TO THE POSITIVE OR NEGATIVE OEVITIONS) 

9.1 	WIITE(b,9#2) 
9.2 	FOOPAT(t NEGATIE J/LUES ARE NOT ALLOWEO 3N THE RIGHT HANO SIDE. 

*COPFECT PROBLEt 3Y 'IULTIPLING ENTIRE CONSTRAINT THORUGH BY MINUS 
OONE .5) 
GO 	TO 9q9
 

9 9 	 STOP
 
END
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SUSPOUTIHE FT~rsi(RHSitRHS,VALY,NPRTKPCKYNROWSKEPbtTEST) 
DIMENSION V3LY(-3,,9) ,ZV1AL(9)pRHS(96)VKEPT(96) 
DIMENSION YC9r) ,j.HSl(961
 
PEAL NEGSLK
 
WRITE 0 , 21)
 

21 	 FO'4AT(1Hlt2)X,9PAGE 16*//,5CX*SLACK ANALYVSIS$) 
I FOPMA1(////) 
HRITE (6,1)
 
WRITE (6,8)
 

8 FORMAT( 0x,$KR1U,6X,*AVAILA8LE*, £2X*PCS-SLK*,12X$NEG-SLK*) 
WRITE (6,1)
 
D0 19 l,NROwS
 
NEGSLK:-1.9I
 
POSSLKQ. 0
 
00 it Js1,NROWS
 
Mauy (J)
 

9 IF(M-rEPI CI)) 11,12,11 
11 CONTIN~UE 

GO TO 13 
10 NEGSLKxRHS(J) 

GO TC 13 
12 POSSLvr-'HS(J) 
13 WRITE (6,,l) r,'rst()POSSLI(,NEGSLK 

L9 	CONTIKUF
 
43 FORMAT(iox,r3,3X,F15,i) 

WRITE (6,4'.) 
*1 FOPMAT( 1Hip12IX *PAGE 07*//,53X9*VALIA8LE ANiALYSIS*) 

WRITE (6,5 
45S 	 FORMAT(////, 7y, *ALIA8LE APIOUNT*,//) 

NCHCK=Y(I )-KP-K-4l0US
 

4.2 WRITE (6v43)tJ4C0,RHS(I) 
41 COfTINUZ 

WRITE (6,72)
 
72 FORMAT(tH1)
 

OF 	 THE OIJECTrVE t.23X, $PAGE 8*,////50X,*P50 	FORMAT(//,55X,*A.JLYS1S 
*PIOFIIYt,1VXotU'43ER-ACHLEVEIPEN4T*,'
 
00 52 K:1,NPR'
 
ZVAL (K) 0.0
 
00 	 51 Ixlt.ROwS 

51. 2V.'L(K):ZVALV() *VALY(r,K)*RHS(I) 

KKz LISP-K
 
lF(7ESloE~o.).) 53 TO 52
 
VKa NPRT -K
 
IF(KK.p'.1) G) T) 52
 

78 	FOk,4Ar(,45'.,.*TiFICIAL*,5X,F23.5) 
GO TO 7'
 

S2 WRITE(bt5l) K ,ZULMK
 
53 FORMAIC INO,52XE, I!,sJF20.I)
 

7? 	COPITINUE
 
S TOP
 
END
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APPENDIX B
 

COMPUTER PROGRAM OF BDATA, PDATA AND SENSOR 



COMPUTER PROGRAM OF BDATA, PDATA AND SENSOR
 

0 L'. UDATA 
READY. 
LNH* FwBDATA 

00100 PRIGRAq BDATA(INPUT#TAPE6#OUTPUT)
 
00130 DMEJSIO& NS( 10),EC 10#60)#C( 10)#X( 10 I0, I0)oIOCI0)o SAP( 10o 10)
 
00160 PRINT 10
 
001%0 10 FORMAT(eDNTER Ni OF SCHO0L LEVEL*)
 
00220 RFAD.K
 
00250 PRINT 20
 
OOP1 20 Fr3RAT(C.E'TER N4A'ME OF T1E SCHOOL LEVLe)
 
00310 DO 60 IuI(K
 
00340 PRINT 301,
 
00370 30 FORMAT(LE'FLo.2X* IIoevo)
 
00400 READ 40,NS(t) 
00430 4n FIRKAT(AI0) 
00460 60 C1JNTI&JUE 
00490 PRINT 90 
00520 nn FOR ATCoINTER NO. OF YEARS OF PLAN4I40 PERIODS*) 
00550 READ,.IT 
00580 pql"T 90 
00610 90 FeR.AT(oENTER THE BASE YEAR*) 
00640 HE.ADJB 
00670 PRI14T In0 
00700 100 F3R-AT(eENTER THE BEGINNING AND RETIRING AOE*) 
00730 PEAD),KR,CR 
00760 VRITE(6, 105) X(X,.TJBKBKR 
00790 lOS FIRMAT(2II,312) 
00R20 .RITEC6,11n) (NS(I),IulKI)
 
0045n 116 FlPqATCAI0)
 
0080 PRI11T 12n
 
00910 120 F3R4AT(..NTER INCOME STREAMS.)
 
00940 DO I9 I,(K
 
00970 1'IR1MT I'0, 'ISM)
 
01000 140 FjRMAT(sFniICATt3N L'EL..#5XsAI0)
 
01030 Do IRO .IJ R.,(R
 
01060 PRIPIT 150, ..
 
01090 i50 Fr(!ftAT(oAGEe,2X.I2)
 
01120 Jo.i.I-%<Ro I
 
01150 REAr) |,Sr),EI .lJ)
 
01180 URITEC ,1 i ) r( ,.)
 
01210 160 Fj iRT(F6°I)
 
01240 IR0 C 'JTIV'lE
 
01270 PRIPIT 2 O
 
013U0 20 FPR'1AT(CFNTEr UNIT CST IN BASE YEARo)
 
01330 D3 2*>n ! i.%'K 
01360 PRINT 'iO.'S(I) 
0130 RF.AD 170,CcI) 
01420 UHITE(6,170) C(I) 

01450 170 F10,'fT(F6.I) 
01400 2'fl C NTINWIIE 

01510 P'911'T ;.50
 
01540 250 F3RAT(eFNT.R NO. OF CLASSIFICATION FOR SCHOOL AOF..
 
01570*eP.D|ILAT114e) 
01600 READ 260.X.S 
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01630 WRITE(6,260) KS 
01660 260 FGRMATCII) 
01690 PRINT 269 
01720 26q FORMAT(//*ENTER SCHOOL AGE POPULATION*) 

01750 DO 292 IwIKS 
01750 262 FORMATC*FOR EDUCATIONAL LEVEL*,SX,I) 
01810 K-.JR*.IT- 1 
01840 DO 290 4Jo=JRK 

01870 PRINT 2R0 * J.1 
01900 J1..J-.JR* I 

01930 280 FORMAT(*YEAR*,2Xp I2.,*w) 
01960 READ 295,SAP(I#J) 
01990 285 FORHAT(F6.1) 
02020 290 Cl'ITINIJE 
02050 292 CONTINUE 
02080 PRINT 600 

NO. OF GRADE FOR EACH SCHOOL LEVEL*)02110 600 FORMAT(*L'NTER 

02140 DI 620 IutKK
 
02170 PRINT 610,NS(I)
 
02200 610 FCRMAT(*'IN,*,2XAI0)
 
02230 READ 205,IG()
 
02260 WRITE(6,2Q5) IC(!)
 
02290 295 FORMAT(II)
 
02320 620 C31JTINUE
 
02350 PRINT 630
 
02380 630 FORMAT(,ENTER S71CK OF STUDENTS IN BASE YEAR*)
 
02410 D 660 1u1,*(K
 

02440 PRINT 640,NS(;)
 
02470 640 FORiAT(*1I*,2XAIO)
 
02500 KG=IG(1I)+"
 
02530 DO 660 'uI.KG
 
02560 PRItIT 650, K
 
02590 650 F0RMAT(*r3RADE*,2XII)
 
02620 READ 265,.X(K,I,1)
 
02650 WRITE(-,265) X(K,I,1)
 
02680 265 FORMAT(F6.1)
 
02710 660 C3'JTIUE
 
02740 CALL SAF
 
02770 PRINT 300
 

PRINT OUT BASIC INPUT?')
02800 300 FJR.AT(*DO Y3U WANT TO 


0283" CALL RFPL"f(IR)
 
02860 IF(Tq.Fr.I) r3 T.3 305
 
02890 IFCIR.E.2) GO TO 550
 
02920 305 PRINT 310
 

s AGE BY ED11CATION ',
02950 310 FV',!41AT(///,10X,*INCOME STREAM 

02980 PRINT 320,(JS(I),I,KK) 
03010 320 F3PmlAT(InX,5(AI0*3)) 
03040 390 C7NTIJUE 
03070 PRINT 410
 
03100 410 F3PflAT(///,tIJNIT COST IN BASE YEAR*)
 
03130 D53 440 t1,KX<
 
03160 PRINT dJ20,.S(I),C(I)
 
03190 42 FlPAT(AIO5,X,FI0.I)
 
03220 440 C311TINUE
 
03250 PRINT 500
 
03280 500 F0RMAT(///,IOX#*SCHOOL AGE POPULATION)
 

03310 PRI"IT 505
 
LEVEL3 LEVEL4,)
03340 505 FORMAT(RX,* L E"ELI LEV.L2 

http:K-.JR*.IT
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03370 K"oB ,T-I 

03400 Do 520 j.Ju,1BK 
0343o"J.uj-;FJ+ I 
03460 PRINT 510,.Jo(SAP(J)*I"IAKS) 
03490 i10 FORMAT(*YEAR*,2X1 

2 *4CFIO 1,3X)) 

03520 520 CONTINUE 
03550 PRINT 700 
03580 700 FORMAT(///, IOX,*NO. OF STUD04T IN BASE YEAR*) 

03610 DO 740 I=IKK 
03640 PRINT 710,NS(I)
 

12X,*NUMBER*)03670 710 FR!AT//,AI Oj/*GRADE, 
03700 KG=1IG(I)+I
 
03730 DI 73rJ X=IG 
03760 PRINT 720*1{XCKI,1) 
03790 720 'FORMAT(3XI1,12XF 

6"I) 
03820 730 CONTINUE 
03850 740 CONTINUE 
03880 PRINT 800 
03910 800 FGRAT(//,*THE LAST GRADE INDICATE GRADUATES*) 

03940 550 STOP 
03970 END 
04000 SUBROUTINE SAB 
04030 1 PRINT 10 

04060 10 FORMATC*ENTER FILE NAME*) 

04090 READ 20, XFILE 
04120 20 FORMAT(AI0)
 

04150 REWIND 6
 
04180 CALL SAVE(5HTAPE6,XFILE,0,00)
 

04210 RETURN
 
04240 D
 
04270 SUER UTIME REPLY(IR)
 
04300 A!=34YES
 
04330 A-=3HlO
 
04360 READ 20,XTEST
 
04390 20 FOR'AT(AI0)
 
04420 IF(XTEST.En.AI) IR-!
 

04450 IF(XTESTi.Eo.A2) IR-2
 

04480 RETURN
 
04510 END
 

CP 0.011 SECS.
 
READY. 
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FTRTRAN.OLD,PDATA
 
R EADY
 
'LNH
 

00100 PROIRAM PDATAC TAPE6, IJIJT, TAPEQ, 13ITPIIT)
 
00130 DI'ENJ5IS'3 'qJ;(3n),A 0C(),ATS(CO 10),RS(If),oDRSCIO),DRT(In),
 
00160+DRC(IO),TS(IO, 10)S"IC1O, 10)
 
00190 DItENSION4 PIl0*I0)
 
00220 PRINT 10
 
00250 10 FORMAT(*F)ITER FILE NAME OF BASIC DATA*)

00280 READ 20,XFILE
 

00310 20 FORMAT(AIO)
 
00340 CALL GET(CsTAPE6,XFILE,0,0)
 
00370 REVJIND 6
 
00400 READ(6,105) KK*,.T,. X,{B,KR
 
00430 105 FCR'44T(2l,312)
 
00460 READ(6,110) (0S(I)#I=IKK)
 
00490 llO FOR1AT(AO)
 
00520 PRIMT 600
 
00550 600 F3R4AT(//I*W4AT DATA Df Yul! WANIT TI L13Ar)*
 
00520+/* SOCIAL ---- FOR SICIAL DISCOINT RATE*
 
00610+1* ALPHA-..-FIR ALPHA FACTORS*
 
00640+/* SALARY---AVFRAGE TEACHERS SALARY '-1RASE YEAR*
 
00670+/* IhlCREASE--AJJAL RATE 3F SALARY TAICREASF*
 
00700+/* DROP------ DROP -1JT RATIO3 OF STtiDEjTTEACHERSP CLASSR3 Oj*
 
007304* SAVE ------ SAVJE TtIF DATA '"?NqE14 FILE*
 
00760+,* RATIO- .. STIJDENT/TEACHER, STUDE'T/CLASSR03M RATIO*)
 
00790 590 t*,IT 610
 
00920 610 F3R4AT(//*EJTER YOUR OPTION---*)
 
00250 AI1OS'CTTAL
 
00380 A2= I :MAIPHA
 
00Q10 A3= I0-(qA'.A9Y
 
00940 A4=1ifl4PICREASE 
00970 A5=I4DR.P
 
01000 A6=10HRATIO
 
01030 A7I=104SA'E
 
01060 READ iI0,A
 
01090 IF(A.EqoAI) r 3 TO "QQ
 
0112n TF(A.En.A2) qml T3 911 
01150 TF(A.F0l. A3) G! T' 91l 
01150 IF(A. FO.AA) GI TI 971 
01210 IFCA.En.A9) -'qT0l 
01240 IFCA. EQ.A) ril T 913 
01270 IF(A.EF,.A7) r'3 T3 Q71 
01300 PRINT OO) 
01330 90n FOR.AT(*ENTRY ERROR---TRY AnAI,, *) 
01335 GO TO 59Q 
01400 709 DRINIT g1O
01410 300 FO(RAT(///**EKITER SOCIAL DISCONINT RATE 1ITH DECIhA.*)W 
01415 READ,R 
0141 P'RITF(o,.000) R 
01420 2000 F.I1RITCF4.I) 
01450 GI T 3 5Q0 
01490 811 PRINIT Al1 
01510 910 FJRMAT(*Er4TER ALPHAt rDXICATIIAT. C3,jTRI3JTI'3q T1-3*,
01540+/* EARNINGi P3WER= WIT4 DECIMAL POINT--*) 
01570 M)1330 I=1,$ (
 
01600 PRIH1" 5320,ISCI) 
01630 READAP I) 
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01640 'RITF(9DP.0n) AP(C) 
01660 830 C.NTIIItJE 
016Q0 GO7 TO 500 
01720 841 PRINIT 840 
01750 840 F'IR%ATC*E'%TER AVERAGE TEAC14ERWS SALARY IN BASE YEAR,) 
01790 DO 860 1=1,.'(K
 
01810 PRINIT RP.0, NS(I)
 
01840 READATS(II)
 
01870 WRITE(Q,2020) ATS(I,1)
 
019O0 R60 COAITIIE
 
01930 69 TO 59Q
 
01960 871 PRINT 970
 
01900 870 F3RMAT(*E'JTER ANNUAL RATE OF INCREASE IN SALARY, WIT DEC1P
 
02020 DO 990 =IPl'
 
02050 PRIMT O2, S(Q)
 
02080 READRS(!)
 
02110 I.rRITEC9,2010) RS(I)
 
02140 890 CONTINUE
 
02170 G0 TO 500
 
02200 001 PRTF1T epO0
 
02230 900 F9RMAT(*EDTER A11ERArE RATE OF FOLLOWING VAR!ABLES*,,
 
02260+/* 1. D90D OUT RATE OF STIJDFIT*,
 
02290+/* 2. DR3P OUT RATE OF TEACHERS*,
 
0230+/* 3. DEPRECIAT9AJ RATE F.CLASSROM0)
 
02350 DO 905 I=I,XK
 
02380 PRINT 82fl,!JS( I)
 
02410 READ, DR'(r),DRT(T),DRC(1)
 
02440 IJRITE(c,2030) DRS(C),DRT(I),DRC(I)
 
02470 905 CONITIUE
 
02500 rl) TO 590
 
02530 011 ORI"IT 910
 
02560 910 FORM',ATC*EITER FOLLOI'ING RATIOS FOR EACH LEVEL AND YEAR*,
 
02590+/* Is N3le 9F STUDF'TS/TEACHER *,
 
02620+/* 2. 4TF OF SALARY TO RECURRING COST# WITH DgCI4AL,*)
 
02650 DO 970 I=I,0K
 
02690 PRINT 920, MS(I)
 
02710 K=.1+,IT-1
 
02740 020 F-1PNAT(///,*IN*#2XAI0)
 
02770 D3 05f") J.=JR, { 
02800 PRIt3T 030,.J 
02830 j=,.J-JR+ 
02860 930 F:31.~iAT( *YEAR*# PK, 121 *** 
02890 READ, TS(I,.),SRC(J.1) 
02920 ',iRITE(q,2030) TS(I,.1),SR(IJ)

02950 PI(,.j)=Inn./SR(I,.)
 

02080 Q50 CYITIIJE 
03010 970 C'13TII.E 
03040 r,13 TO 50c 
03070 971 CALL. SAhl 
03100 PRIMT 985 
03130 985 FP14AT(//..,D.3 YOU WANT T CHANGE AJY INPUT? YES OR NO*) 
03160 CALl. RE.PLYCIR)
 

03190 IF(IR.F9.I) nO T1 509
 
03220 PRTMT QO
 
03250 9,30 F'P!4.AT(//.*1 YOU WA4T TO PRINT OUT P0LICY INFORMATO4,'*)
 
03280 CAIL .F.D!.Y(IR)
 

03310 IF(C..Enl.) 00, TO 1000
 
03340 IF(lR.E J .) ri TI 1200
 
03370 1000 PINIT 1010
 
03di00 3010 FRN1AT(///,* +++PLICY INFORMATION .. *)
... ,,....,4 

03430 PRIMT 1020# R
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03460 1020 FCtRMAT(//,2X,. THE SOCIAL DISCOUINT RATE IS.,2',F4.1)
 
03490 PRTNIT 1030
 
035.0 3030 F3RHAT(//# 10X,.AVt. TEACHERS SALARY ANlWIA, RATE OF a. 

*03550 .. 'JCRFA.SE*) 

035F0 DO 1050 13,st( 
03610 PRINT 04.n, .S(I),ATS(II),RS(I) 
03640 i040 F!4NIAT(Atr,5',,FR.,RXF6.1) 
03670 I5n CVJlT'ItPt 
03700 PRIVT 1060 
03730 1060 FVQ'.tAT(//,IOX#* DR,3P-01JT RArI3s -. 
03760+/, 15X, *STFDE.1TS TEACHERS CLASSR30M a) 
03790 0 1065 IzlKK' 
03820 165 PR 'T I370,, PS(I),DRS(I),DRT(C),DRC(I) 
03950 1070 F3R'AT(AI0,5X,F7.ISX, F7.35X,F7.1,5X,F7.1) 
038R0 0R1T 10 0 
03910 1090 F')RPAT(//, IOX,TEACHER-STIiFJTS RATIO*) 
03940 Ku.13+..T-1 
03970 1095 PR!IIT 1000, (.1,.Ju.IBK) 
04000 loon F3RMAT(16X,R(I2,5X)) 
04030 DO 1150 1,(' 
04060 i00 P9TKT 3120, PIS(1),(TS(I,.I),.I,.4T) 
04090 1120 F3R"ATcAln,2XR(F7.2)) 
04120 1150 CNT'1TE 
04150 PRpIJT 117A 
041PIO 117n F3R'4AT(C/,I0X,.RATIO OF SALARY TZ RECURRI.NrG C3STO) 
04210 Ku..7q 4 .IT- 1 
04240 1 9nR!1T IOnC.t,.u.IRI)
 
04270 DO 1125 I=1#!((
 
04300 PP.IT '12.0, NS(I),(S(I,.)..?ut,.IT) 
04330 3125 CINITNUE 
04360 PPIAIT 14jr 
04390 1450 FI3%I.AT(//,*RATIJ 3F RECIIRRING COST IN TERMS 3F SALARVa) 
04420 PVTIT 10o00(.1.18.f1909) 
04450 D 400 t=l,Xt< 
044q0 PHIVIT 112.0, .( )( I J.).1 .T 

04510 1400 C'IT'INIUE 
04540 PP1VT sr)0
 
04570 1500 F'r"!AT(//.rD1 Y13U WAMIT GRQE PRINJT 1IUT--YES OR N's.)
 
04600 CALL REPLY(IR)
 
04630 IF(TR.F).I) ,7 T.1 3000
 
04660 PPINJT 0:45
 
04690 CALL REPLY(TR)
 
04720 IFCTP.Fl.I) q1 TO 500
 
04750 2010 F .'R.AT(F/4.)
 
047R0 R P FViMAT(AI0)
 
04R10 202lO FR.'1A T(F7.)
 
04R40 2030 FIP1AT(F4.1)
 
04R70 1200 ST3P
 
04000 F 1)3 
04930 51-URgt3TIJF, SAR 
04960 I PQt'IT 10 
04990 i FJ34AT(*E1TFR FILE NA'E FOR POLICY I0FO]PMATIeO4*) 
05020 RFAr ?.n, YFILE 
05050 20 Fl' %AT(AIO)
 
OSOROj P!: It,,yD c0
 
05110 CALL A;""E(54TAPEQXFILE# OO,0)
 
05140 F3TI11'4 
05170 P4) 
05200 SI$4;4111TINE REPLY(IR) 
05230 AI-3'(*FS 
05260 A.3'NIO 
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052QO READ 20,#XTEST 
05320 20 FORMATCA1O) 

Iftol-05350 IF(XTEST.Et~.A1) 
053830 IFCXTESTo.f.A2) 11302
 

05410 RETUR4'
 
054440 DIDD
 
READY. 

74/09/17o 2P.53, 57. 
1(R0?N13S T!?4F, SI4ARTMrO SYSTEM - VER. 2.0-15 
USER fWJtN9F$~ 

TERM1INtALS 50,TTY 
RECOVERPSYSTE)42 FORTR AN j, LDo 5 FM SOR 

READY. 

00100 PR~nKAM SEJSIRCTAPE6,TA~FQ,!tIMPtTT,31JT12IT)' 

0011nAS(20 RPcOjl),I'-(
D 10),H5Clk 10, t)C101
 

00130S (20,FIl),v(10,10,0),DRSC;10)trXcl),p(fl2)
 
)0010+P',I 1, 60) . 3,( in), D( ),7'Xc 


, 10).
00310+CXCS. r,1), D.CC 10), (ThRC 3r,10) (SC 

00345Dn1+S;~l .ISqvP)lo,1), pI(Iflf),Rs1oCs,10),CXC,0
 
00347 D!Mpt~'e 5,lO,i'),DPT(10,-l)3q
,C~ 

00350 c1M n),,4z~rl/A/'iiP7C() 

00346Cr.1OJ/C 

00357 RFAJ. M'S 
0(1370 1 D~l\fT 20 

00400 10 Fl;4%14T(///f/*'ITER FILE NiAME OF BASIC DATA? 0) 

00460 20 F!7t1-T(Al0) 
00400 CAI. rvT(54iTA0F6sF1LF.,n,0) 
00520 HEY'IID 6 
00550 95 'P~p)T .30 
00580 30 Fl41,AT(//*F,1T?~ FILE N.AME. O5F P!3LtCY IAJIIT?*) 
00610 RFAD ?0*'FT.F 
00640 CA?..). rvFT( S;TAE,XFtlE,0,)) 
00670 RE'4TAU1) Q 
00700 RF'Atv(A, 205) VX~,-IT#.IRt(4,IKq 
007.30 RFr(6,1120) CIC)!2IC 
00760 K I ='f R-fM4 

00,15f Rp.f,,AA0) '(s 

00010 RFADP(6* 935) Irv( I), Tv I, 
0004n Di ijo taI,'v( 

00070 Knnll=IC)+l 
01000 rtFAfl(6,16") (C',,)K1K 
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01030 40 C'34TTKI1J.
 

01060 RF.AT)(cQ,0Po) R
 
01090 READ(0,2010) (Av( f),T=K,(I()
 
0 1120 READ(Q,P0?P) CATS(T,1),T=IKK)
 
01150 RFAD(O,20n1) CC!),ItlaC')
 

01190 RF-41(c,P. 0) ( ( S I.)R ( ,T).= jI) T IK( 

01210 PRI1T 4nf
 
01240 400 FlRMATC///* THIS PROGRAM ALLOW FOL1.31IN0 *PTIIJVS:*,
 
01270+/* FCl ---------- CMPIlTE PRESP4 'ILA.IJF.1 F MARGI1'Al*,
 

01300 /k RFNEFIT,C3ST AND NIET qF,,,FFITT* 

01330 ,* ttClST ---- ---FORECAST I!,1T 7FrIPPT',Ifl CIST* , 

01360+/t EMAT M.',F.)T--------- F!RFCAST STIJPF"IT 'ATRT*, 
01390+/t TAT --------- FORECAST TEACRF :'.t<:t ATPI'(, 

01420+/1 CMAT--------- FIF.CAST CloSThS.-CTt MATRITt, 

01450 /* C% C1hIITE THE MEASITIE 3F BENIFFIT/COST RATIO*, 

01540 /* ENID ---------- TEPMINATE THIS FKliCT5E.*) 
01570 410 DRIRT 420
 

01600 420 F3RATC//*N3V'J, ENTER Y3IlR OPTIONJ? a) 
01630 READ P0,A
 
01660 A1310C(7 
01690 A2 = I O{I!CIA T 
01720 A3:InHE4AT 
01750 A4I=1'4TMAT 
01780 AS=304CMAT 
01910 A-l=nHCq 
0194n)AR = 1nE-jD1 
01070 1F(A.l.FA I) GO TO 440 
Otoon IF(A., A?) r,3 TC'4n
 

01930 IF(A.FQ.A3) r0 T 460 

01960 IFCA*FI.A'1) n! T7 470 
01990 1F(A. F11-5) r. 7 4rifn 
02020 IF(A.F'.oA6) GI T1 tion 
02050 IF(A.FQ.AR) I ,r F'In 
02090 PRINT (3l 
02110 430 FE T(----'T ' ER ... TRY AOAIN*) 
02140 G1 TI 410 
02170 iiiin rAl.,,£ tv ; ttRR I .T , = 

02200 G1 T! 410 
02230 45n ro..I-,T-, CrA Tec,.,T,.,RAST S) 
02P60 G, T3 410 
02200 ii6o rClJ. D~gAS11T1I<.T.?,,T, SAD) 
02320 r,

,
! Tr 4I0 

02350 '70 CALL T'IAT(.IT,,IR,NS,DRT) 

02390 rq T' zilo 
02410 490 CILI. C'.lAT(.IT,.JRNI S0,C)
 

02440 Gl 71 410
 
02470 400 CALL I JDF(C(,.T3,.1TSRMS)
 
02500 S3 TI 41n
 
02530 105 F7HAT(PI!,3I9)
 
02560 "110 F'T;'AT(4 30) 
02500 160 PII-AT'.F6*o) 
02620 170 Fl'0fATfF6.3) 
02650 2f F','AT(I I) 
02AR0 20(10 Flq'lAT(lFit. I) 
02710 2030 F'AT(F4 ) 
02740 20. F! TT(F7.T I) 
02770 2030 FI'T'AT(F li.l ) 
OPRnO 2050 FHMAT(FI.I) 
0230 PR5 F(fR.'AT(F6.l) 
02A60 265 FlRHlAT(F6.I) 
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0290 205 F'IRMAT(T|) 
02920 510 STIP 
02950 ED 
029R0 SUIBR'IITTIE ECOCNK(,.1T,.IR(BtCR,1S, E,EsISC,Ro AP) 

03010 DIPE7ISINJ mscIn),F.(O0,60),C(I0),AP(10),l(O1)j
 
03040+P1I( I0, A)), 5PE(If),DR( I0),o RC10)
 

03070 DTMF'4STNI PCCI))
 
03071 DIMN?JSI ENJ(|0,960)5.\ 
03072 CM'.411I/A/PNR 
03075 .JI=KR-KC8+I 
03077 H=9.5 
03080 Y3 100 jul,.jI 
03000 100 N(l,.I)=EC11.l)
 
03100 DO 5,0 T=2,4
 
03110 IV) 560 .1,.fI
 
03120 E"CI,.JWEC ,.1)-E( 1II)
 
03200 DRC.)=I./(IR/I00o)**(.i)
 
03230 560 C~7 ITNIHJE
 
03260 550 C,7'JTIII)E
 
03290 DO 50 .1=1,41
 
03320 50 E't(5,)=EC5,,I)-EC3*,t)
 
03350 Dv 2on T=2,"
 
03390 Dr 200 .TnI,.J! 
03410 PE I(I,.)=F(I,.)/CI.4RIO0.)**CoJ) 
03440 200n ClJTTNITIJF 
03470 Dn 570 I=I,'K
 
03500 ST)E(I)=0.0
 
03530 DO 570 .1=3,o1 
03560 570 SPE(I)=SPF(I)+PPN(,j.)
 
03500 D3 90 1=1,'.l
 
03620 K=If)( )
 
03650 D=r. n 
03710 Do 600 ,I=I,K
 
03740 600 D=D+DR(.y)
 
03770 P( T)=D*CC( )
 
03900 PN8(I)=SDECT)-PGC(I)
 
03830 590 C"klTlhIJll 
03840 RF.TIRFlI 
03860n o)RTIIT Ain 
03800 610 F'RNIAT(///,3In',* ThE I".ES1'nT VALItE OF -------.
 
0302f+//,I9'",* PFPI'FIT CC ST 04ET BEPIEFIT *)
 

03050 M 620 1=2,t(i
 
03980 PRlIT 617,("lS(T,),S'ECT),PC(l)PNJ8(1))
 
04010 617 FMrqmT(ACI),3FI5.2)
 

"
 04040 620 C11TVIJE 
04070 RETIIP"', 
04100 E4D
 
04130 SfIPRTIITPTF f C19 ,T.IT,. .q,AT5,8STq, 58) 

04160 DIV.IP I"1,4 TSC 10, 30),8S( I0),IRC( 10, 10,T.( 30,10),
 
04190+SQ(I10, 10),I( 10)
 
04220 50 FORAT(IdI)
 
04250 DW 650 t=l,WKi
 
04290 00 650 .I=IP.IT
 
04310 ATS(I,.1)ATS(I,)*(1.eRS(!)/10t.)**(.1-) 
04340 IIRC(T,.I)=LTS( ,.I)/TS(C ,,1)*(100./SRC(I,.))*12 

04370 69n C'1 |TY4JIW" 
04390 RETiTIPI 
041100 PRT')T 660 
04430 660 FPlT(///, 3nX,*AUFRAflP TFAMSF.I1 SAI,ARY*) 

04460 t<3.IR.T- I
 
04400 PRTI'IT 679,(.1.f,.l.1.12,t(3) 
045.0 675 FIP'IT(133~,8!4*,6V)) 
04550 DI 665 1.It{ 
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0461n 69SOFl ~IiAT(An,9Fin.1) 
0464n05665 CIN3T1IE 
045n RF.T'JR&
 
04670 VRIJT 600
 
04700 osan FC9'4AT(/i'/,I0lo*IlNIT RECURRINGU COST PER STUDF!NT*)
 
04730 ORT 65 Ci .. uT%3
 
04760 Ml h05 a;I~
 

04790 PRIP4T(8,S()CRC,1,lh.T
 
0492n 160 FORkIATCF6.1)
 
04850 695 Cl'A1T~IIJE 
048RO0 RETUh'I 
04910 £'J D 
04940 S113R'ItJTIIE E'IATCX(,.JT*.JR,Xo !fisD DRS#N~S, SAP) 

05000+S<C310,I0),Sqx(10),PSXCt0,l0)eS4XCIO.10),SAP(5,30)elRxCs~tO) 
05010 DV-4'--3"1 ' .3(10, 30) 

05030 CM~lr'I/9/SX 
05060 ORT11T 710 
05090 710 FlP' TC/,*'I;TrP 4J3. ITF FJT170P411 STt1DFJT5q IN PLAl'14IAJG*, 

DECIMAL P13?'T PI1D SF.PARATF WI!TH Cl''41'A9*,9OSIPOA-/*0FRVD. I ITH 

053 50./*F-111 SFC 11D D~qlI3D T! LAST PERIID.*)
 
0519~0 DO3 730 I,'
 

05210 PRINIT 20,'IS(!)
 
0524~0 ."0 FYINIAT(Atln)
 
05270 730 ~'~,(I!.).~.T
 
05300 160 FPM~ATCF6'.1)
 
05330 LYJ 750 11,C{'
 
05360 Lul(t)+l
 
05390 Ll 750 .1=9,.IT
 
05420 DO 75n ~,
 
05450 X( !,) .1, 1,.]- 1)*( 1 -DRS( )/ion.) 
05,190 750 C3l'TT!JIIL 
051192 D1. 300 I 1, 3 
05496~f Do 100 -tI I,IT 
05499~ LnTqC1)* 

n 541Q4 100 rZ'~%J1'E 
054i96 l.c4 

1 105407 M tIclfu,.T 

0551n Tv' 7AO tu1,%<W 

0 5540 1. 1:str( I) 
nl5%7n TqX C.0 z0.0 
0SO 0"rj760) .In,.fTD. 
0)5630 sx c t,.I) 0. n 
0561,0 Dv) 76'0 "I3,.3 

05720 760 ClrITV\II!v 
05750 DI3 702 Ifzl,.IT 

n 571n SS(.f =n. o 

05940 770 xcf "C),(!.I 
0589 7n 76-? rl'IT*IltF 

054100 95r) P4!'1T 46~0
 
05930 vi6f F"4'-ATC///30'(,w FlRF-CAST110,1 Of THE SVIDFNTS fl.,)W*)
 
0 5060 Dl1 0 21) !tIC'(<
 

n05,o090' T'T 47n, scI 
06020 97n F1,!AAT(//,1*, Ainl) 
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06090 PRINTQ,~ll..u~1,J
 
06110 995 F' Q'AT(X7CI4,6X))
 
06140 KI-Ir.*l
 
06170 Dl1RR51(tS (
 
06200 RJ35 PRINJT Q,(((,.l.I,1)
 
06230 90 F?','%AT(4, 1,7Ft0n. 1
 
06260 PRiT1'T 925, (X!.).u,
 
06290 025 F"q~AT*S.ItM*,7Ft0.e I)
 
06320 9:>n ClTPN11F
 
06350 PRINT 930, CSS*(C.l)#.IuI,JT)
 
06390 930 F!u~T(//, *TITA,o71710. 1)
 
06410 935 Dl 042 1u1,W(4
 
06440 D.1 940 *lul,.IT
 

0 6500 940 ClIT!'l1lF 
06530 942 CINIT1I!JF. 
06560 D3 Q50 .1=1,.7T 
06590 0~I.)S(I.)S~t.)10 
06620 ~X2.~S( . /ACJa 0 
06650 JRIC(3D.J,=SXC 3,,7)/SAP(1,.)Ion. 

06710 Q50 C1,lTT'I'lF 
0 6720) RFTIJiA;l 
06740 PRN 060n 
06770 96r) F"RMAT(//Inv,a DISTR!911T!GOI OF T'4E S5TI'DVETS*) 
06800 PRINT 03 .~,I7.RN 
06,330 963 FlR*ATC12'(,7CI4,6M) 
06860 V 065S 1=1,1<K 
06890 965 PRINT 97n, 'JSCI),SRXCI*.1),.jIIJT) 
06920 970 FlVk#AT(A0,7F10.2) 
06950 PRINT 9 40 
0 699n ORO F' R'AT(//,I ,aF. N.LDROIAAEIT RAT13 OF SCH130L., 
070J0./,I5X,-A:3, n.1ulfiATTPIZ a) 
07040 PMIN!T96,(.F...J') 
07070 DO 995 t-l,'i 
07100 985 PRIT 00IcHC,7,71. 
07130 990 
07132 PRIl,T 2(rfl 
07136 200 F";'AT(//, I0X,aT4' RATT'J "' STI7DLT8-Tq1l.tU MltlMEN4T*) 
07140 DY3150 1-1,3 
037144 nth1T 0,7(I)3S!.)
 
0714 92n0 Fl1iMAT(//, .Fq"4.,XAIO,*Tl.,2*,AIO)
 
07152 PRITT6,(.ltt?%I
 

07160 240 Fj1W?TCX,(F.3)) 
07164 ISO C"I'-TfI~t'I 

07172 VHVIT 2f)n, (.7.73,-*.lS73,5I) 

07176 PHI'IT 940, (13(4..J),.1.I,1T)
 
071R0 RFTl'i*4
 
07190 E-1'JD
 
0 7:)0 SUS1tUTI'F TlA'(.,T,.Iq,PlS, DHT)
 

07260 D I IF S 1 w,)c0, 1.'(0, in) 
07970 rf'-ll/i/qX 
07280 P1t1'IT inoO 
07310 l000 F'1*4'AT( ///EltTF.R F'l..V.wIl0----. 
07340./* 
07370./a 
07400./* 

to 
R. 

THF 
&IFU 
WIT4 

ST'C(f IF 
F'lTT-.*MOl 

DFrIJ'4. 

TCF84 
TFAC4F 45 
" At'rvi 

11-
INJ 
S

','FAR 
MIN1M*41, 

AWATY WI1T4 

W, 
T'~l 

Cl1"'4Ao*) 

07432 
07436 

D1 
DO 

In tm2,3 
i Iu.,IT 
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07440 R24' Ia,.I) a.S( ?*-J)/TXX( I,J) 

07444 i0 CO8ITI.IIF 
07452 N=.18+.,T-I 

07454 PRIVJT 3n 

07456 30 FIRMT(C//,IV, *STIDFNTS/TAC4ER RATIO *) 
07458 PRINT 1065,(.J.JJ.J) 
0745Q DO 20 1I-,3
 

07460 PRINT 40, NI5(!),CR2(I,.T),4UIJT)
 
07469 20 CO4TI1IJF.
 
07464 1065 FOP.MAT(I0X,'7(I4,5X))
 
07468 40 F(3RMAT(AI0,7(FQ*2))
 
07470 RETI.N.J
 
07490 P'4D
 
07520 51J F3TVI'E CN7AT(.JT,.JBNS, DRC) 
07550 DMF7ISII % CX(5F4,$3),DHCIO),CXX(3,J),NS(IO) 
07560 DIMFNIS1C1 RI(I0,pl0),SX(I0,10) 
07570 C0MMH3"/;/SX

' 
07576 C3M,,~l /C/CX 
07580 OR!NT 1092 

* 

07640+/* l. STCCt( IF THE CLASF~RIC! IN RASF. YEAR *, 
07A10 1002 FSRMT(///*EhITER FCLL'3'INI0hS 

,

2.1FW CLASSR3rM T1 BF. COMSTRIUCTED I I LA IIH-*,07670+/* 


LIT- DECIMAL AND SEPARATE WITH COMMA.*)07700+/* PERIeDS. 
07730 CALL MAT(JT,,JR,CX4S.tDRC, CXX) 
07732 DO :0 1=1,3 
07734 DI 10 .1=Ip.T 
07736 RI(IJ)-S'C I,.1)/CXX(I,'I) 
07738 I0 C'VNTIMHjF 
0773c N=.fi+.r- I 
07740 ORV1IT An 
07742 80 F3R'4T(//10!,. STIlDEITS/CLASSR03"1 RATIl *)
 

07743 PRINIT 1065, (.1...JR• I)
 
07744 D13 :)n 1=1,3 o T
 
07746 0-1I'XlT 30, IJ ( ) ( I I' ) J I 

07741 30 F'.hIAT(Afl,7(F0.?))
 
07750 20 C131TI1ITE
 
07754 1065 F3.'4,AT(10'7(j4.,5))
 
07760 R.ETUI'
 
07700 FN D
 
07820 StIPR3!JTINIE .ATC.T,.J9,T .. %iS,DT"X'
 
07850 Dl Fi'1SI'., ,I;( 10),T(5,R,8), DCIt0),T(XC3, )
 
07880 D3 1005 1=1,3
 
07910 D3 1005 tK=,.IT
 
07040 D 1005 ;=I,.IT
 
07Q70 1005 T'I,",.f)=°
 
0800 D1 I100 t=i,3
 
08030 RIIT P5,49(1)
 
08060 25 FlR'4,T(//AIr)
 
08090 1010 UFAD,(TX(, I,.I),.1I,.IT)
 

08120 200 F0Q',leT(F14.I)
 
08150 D3 1030 1=1,3
 
08 0 D-) 1030 lC=9,.IT
 
08210 )3 10n30 .='.IT ( Isl I 1o )
09240 1n0 TX (C l..o)T'.1-1 @I.D( I ) 

08270 D"I 10110 1-1,3 
08310 mX)104.' .1=l,.IT 
08330 TXX(I-.0)=0.0 

1040083o I)'3r=I,.J 

08400 n-.TI\1,
 
08420 PRINT 1050
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0R450 1050 F'3RMAT//I0)CP* MATRIX O~F STOCK( C4ANflE*)
 
08480 D3 1100 lul,3
 
013510 N=.JR+.IT- I
 
08540 P~RMT 1060P145c!)
 
08570 10603 11'R'ATC//AIO) 
013600O V)RlfIT IOS .. ,l11 
0963n 106)5 F'JRlAT(10C,*7cI4,5)C)) 
08660 D1 1200 *.C=I,.lT 
0F)690 I<L.IRW- I 
083720 ORTNIT 17,~,T(,,ll1.T 
08750 1070 F~l43AT6'!,t4,7Flo.I)
 
087,10 1200 C',"IT1I1I'E
 
011810 F)RI!JT 1()4n,(T (T),1.)
 
088140 1090~ F-.-,NATC7'(C,*51Jm*,7FQ. 1)
 
01R870 10n C11TT"W(E
 

0890f0 RETIJFI
 
08930 EJPD
 
08960 SJFRR31TIVE Ih1DEXC~t(*-, 8,.T,S%'JS)
 

053995 D!mF,ST'\I MS( 10, I()*PIC 10, 10), SRC 10o 10), CX(5,R8) 

09020 C!3M~'4\/A/MlR
 
09050 Cg~mMlil1Sx
 
09055 Cl~lMl.3hM/C/CX 
09060 qFA?. PAS 
09090 DI 1140 1F=1,.IT 
0911n TfM c. )=o. n 
09140 D(3 115n 11I,{K 
09170 1150Tl(.TNC.)SIJ*%C) 
09200 1140 C'JlTTIIlJE 
09230 CALL t'({(.,.TSASR) 
09530 D3 11185 1=1,.T
 
09560 [IIP C-l(.T=T*4R(.)/R'4S(,1)
 
09590 PRVIT Il'00 
09620 1200 FW9MAT(//IOX,4* B.'C RATIO BENEFIT 9ES81JRC1ES*) 
09650 DI 1100 *J=lT 
09680.J1.F.-I 
0Q710 1100 "3'1'1T 110on, .~,q.)1.R.)rf(j 
09740 1300 FJ1R'ITC5XI2,3XF9*.q31F.1F3.l) 
09770 .T1' 

09900 9Z1D9itiFI 
09900 DtRIliP151F4U2(',1.T R'JS4) 

09910 D~IMF'Sl~1~S 0,!I S f)C25 I)Rl25 0 
09912 UWlFPqT R'( (),P.1(l0,I0) 
09913 Cl1*4 1 1]/C/CX 
09914 PFAL. MS5 
09915 PRT' IT 10
 
0992fl 10 Fl ATC//,*' %TFR TEAr4F.1; SALARY DRlIJECTED--- FRI'1.,
 
09925+/*T-(E HSE Y(EAH TO) LAST PER114D
 
0Q930 DI PO1,'~
 
9()935 PRJ'lJT 30, P3IS 1)
 
0994n F~l(~3T.).~I.T
 
09945 PO C11TV11IF
 
09950 30 Fl'W'0T( AI0)
 
00955 D1 40 T~lp!(<
 
099tS0 DI 40 .~,l
 
09964 PlC!I,.'): 100.p/*H( ,.I)
 
09968 Rl CT.)I(I.)T1C,!
 
09970 C* r.) n .0n 
09Q72 40 C31TIIIJE 
09Q76 mr 50 TI, 
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09980 Do 50 ,=.,jJT
 
l 


09985 5n CX2CI,.)
= 210 O .*C X ( tll) 

09989 D'l 60 1=4,5 
099Q2 D 6n YI:1,.IT 
09994 C'2(1,I):0,1 
0905 6n CNIT11,u1JE 
09999 D1 70 I=I,(< 
10002 Dl 70 .i=1,.VT 
10008 RMS2(I,,)=RHSI(IJ)+CX

2 (C '1) 

I0010 70 CITINIME 
10012 M- FO .1=1*,IT 
10020 RH (,1)=0.f(
 
10023 DO I1=1'(K(
 
10025 RHS(.I)=R{S(.I)+RHS

2 (Is"1)
 
-


10030 90 C1r,TI.I4
 
10035 D1 90 1=1.#v.X
 
10040 Dl 90 .|=IP,dT
 
10045 RL(#I,,)=R4S2(!.I)/RS(J)*IO00
 
10050 90 C3MTI4JE
 
10051 TIT=.
 
10052 DO 92 .=1.,,IT
 
10053 TOT=TIT+R9.S(. T )
 
10054 C2 CO.'IT111IE
 
10055 PRI,,IT 100 1 )
ALI.. CATIT4'0

10060 100 FOR,,AT(///,*PATTER4 OF RESOUTRCES 


10065 .'=.JB+.JT-!
 
10070 PRPiI.T 110, (.p.T.7=JRN)
 
10075 110 F-RMAT(12Xp?(14a5X))
 

I=I,•M ,,I
IORE) Di 160 13n, I( ) ( /( II.T
1008R5 ORI.IT 

( F Q. 2 ))10090 130 FlR'MATCAln,7
 
10091 160 C,'34IT41 E
 

10092 PRIMT o0o, TIT
 
,sF15.0)


100 FqP.' ' AT(//* TNE TrTAL RESURCES * 
100Q3 

10094 RETIIR',1
 
10096 EID
 
READY,
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