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Discussion of the policy and program issues that are revealed in the
applications of comprehensive educational planning models to planning and
policy analysis. Emphasis is on two general, compound models that were
actually applied in planning, one in a Latin American country and the other
in the Middle East. The model framework and the issues that are raised are
not country specific but have relevance to educational planning in any similar
country. The discussion in the text is non-technical and the model structures
are shown only in'an appendix. The focus is on policy and program issues and
not model development technicalities.
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1.0 Introductory Note

This paper is designed to complement the previous paper which
described and discussed rational approaches to education planning
th=ough systems models and analysis procedures. The previous paper
described.the models and the theory and methods currently used in plan-
ning, and went a bit beyond current practice to suggest further extension
in model development and systems analysis.

A central point was that systems models tend to take a black box
approach to analysis of the central process of.teaching—learning that
goes on within education §ystems. Black box analysis is not a fatal flaw
in the application of systems analysis to the investigation of the working
of physical and social systems, or in the design of physical and social
systems based on the investigation. Black box analysis is applied in the
study of many social phenomena, in demography, socio]ogy, and economics.

There 1s always a 1imit on how deeply analysis can go into
the working of a complex social process. The analysis of education by
economists or planners may stop at a more molar level than that of the
sociologist; and in turn the psychologist may go more deeply :into the
Tearning process than the sociologist; but most social analysis does
not detail the inner works of a complex social process or human inter-
aég;on. Compound models, or systems models, are designed to operate at
a highly molar level of analysis. The model results can serve to raise
policy issues, but they do not always do so at a level of specificity or

detail that yields the analyst a single and unambiguous solution to the
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problem that the model {s desiqned to analyze.

In this brief paper the discussion will be baszd on the policy impli-
cations of two comprehensive or compound planning models. The first model
was developed by Schiefelbein and applied in the planning of the Chilean
Educational Reform in the mid-sixties. The desigh of the model and the
analysis of the results of running the model are described in Schiefelbein
and Davis (1974). The mathematical structure of the model is given in
Appendix I to this paper.

The second model, called the Compound'Model, was developed by the
Horld Bank and Saudi Arabian planners and run with Saudi Arabian data in
1977-78. There is nothing new in the model. The structural parts of this
model are in a form that is used in many manpower and educational planning
models, but the parts are linked together in general or compound form.
There will be no discussion of Saudi Arabian data or the particular results
of the application. The model is discussed only in terms of its general
chéracteristics and tne general planning issues it raises. A general
schematic of the model is shown in Appendix II in this paper. The model
has been programmed for the computer and there is extensive documentation
of the model structure and the computer code. These are the property of
the World Bank and the Saudi Arabian government and will not be presented

here,

2.1.0 The Chilean Model Used to Trace Policy Issues

This is a brief discussion of several issues taken up during the
process of educational reform in Chile. These issues lent themselves to
analysis using the Chilean system model. The model or some version of it
was u;ed to explore a number of these questions, primarily by simulating

changes ‘n the system and studying the future effects of these changes.



2.1.1 Extending Six-Year Primary Schooling to Eight Years Basic Education

One of the earliest and most critical issues discussed by educators
was whether to extend primary education from six to eight or nine years,
The decision was finally made to create an 8-year primary school. People
believed that the social benefits obtained from an additional two years
(retention of children in school) would have been even larger with a
9-year school, but felt that the effort to achieve such a reform would
have put too much strain on the system. 1In addition to the question of
whether most children would continue on for seven, eight or nine years
after six years of primary, the pianners had to determine: the capacity
of the system to provide facilities, teachers and materials for the
increased enroilment; what to do with the secondary school teachers who
"might be unemployed; the cost of each alternative; and the political
resistance that would be provoked. The existing model reauired a few
modifications, because its present structure assumed a six-year primary
school, but all except the last question could be studied with the modified
model. (Data to answer the last queétion were available from experimental

trials run in Africa and other developing country settings.)

2.1,2 Social Promotion ¢

A second major issue faced by the planners was that of social promotion.
Given an overall objective of normalizing the age-grade distribution (which
stood as a proxy for educational “"quality") it was important to improve the
flow of students through the system. Use of the model earlier had showed that
official repeater and dropout rates could not be correct. Employing an

historical series of enrollment figures, the planners demonstrated that



official rates gave unrealistic projections compared to present real fiqures.
The analysts used a trial and error method to estimate what the real dropout
and repeater rates must have been. These rates showed that, contrary to
comon belief,repetition was a grave problem, while desertion or drop-out
was minor. The planners then decided to set aside recommendations to work
on the dropout question, and look for policies that could reduce repeater rates.
The simplest solution was that of automatic or social promotion. At
lTeast some of the planners believed, on the basis of skimpy evidence, that
teachers' gradeé bore Tittle relationship to either the intellectual ability
of children or their academic achicvement levels. These planners felt that
all children should be promoted automatically at the end of each year, through
tﬁe'first six grades. The model results vere used to examine the impact of such
2 policy: on total enrollments in primary; pressures on secondafy; and costs.
Alternatives,such as automatic promotion through the first four, first three,
or first two, grades could a]sd be examined. On the assumption thaf automatic ‘
promotion would increase the heterogeneity of abilities in a given classroom,
and hence permit fewer students per feacher, analysts studied the pupil/teacher
and cost implications for the entire system. Could automatic promotion mean,
for example, that fewer children overall could be served, assuming that funds
vere not unlimited? Or assuming that to maintain the same c];ss size teachers
would require some additional training--what would be the implications for
teacher training and curriculum reform?
The planners' and their proposals provoked resistance from teachers. The

compromise reached was that first and second grade children would be promoted



automatically if they attended at least 75 percent of their classes. With
data on average attendance rates, planners could examine whether the
promotion policy would have any effect at all. The major counter argument

was that standards would be lowered, quality reduced and social chaos result.

2.1.3 Teacher Training Issues and the Model

The planners had several reasons for wanting to upgrade the teaching
force, and knew that teachers were strongly in favor of any program that
would give them increased status (and income). The model could, therefore, be used
to examine the effects of raising primary teacher training requirecments from
12 years (6 primary plus 6 normal) to 15 (the most common proposal being a
three year program at the university level). Some of the gains from further
tfaining would be larger class sizes, and reduced dropout and repetition rates.
Some of the costs would be incurred through teacher demands for higher
salaries, as well as the costs of providing the training,and the increased
time to get a teacher into the system.

Formal teacher training could also be compared with programs to upgrade
teachers in-service, or those that pfoposed taking in para-teachers with Tower
levels of training, and training them in-service up to the level of current
staff. Experience with high school graduates with no formal training had been
positives; that is, they did learn how to manage children and Ehey were
enthusiastic about teaching.

Some of the variables involved were the pool of available candidates for
training, the loss rate to other professions of persons who go through various
kinds of training programs, the "ab111ty" Tevels of persons with different

kinds of training, salary 1evels, time to train, years the teachers will



remain in service, and geographical dispersion. Most of these variables
could be handled by the model.

The planners finally came.down to deciding between continuing the
present normal school system, upgrading teachers with in-service training, or
pre-service training of new candidates in the universities. The planners
assumed that they could demand more of better trained teachers, and looked to
see 1f improvements in "quality of teaching" (indicated by class size and |

failure rates) were offset by increased costs of training and salaries.

2.1.4 Other Model Aoplication Possibilities

The model could have been used, although it was never applied to this
task, to examine the effect of introducing new teaching methods. Specifically,
the Ministry wanted to introduce a reading program that promised much greater
achievement for students, but would also require significant inputs into
teacher preparation and development of materials. It would have been
possible to set some variable values for these factors into the model, using
the y technological variable, to sece if gains offset costs.

The same kind of approach could be used to estimate the cost/benefits
of school lunch programs and the provision of self-study materials and
books. Later data on the relationship between these inputs and student
achievement was made available to the planners, who could have used the
additional data to provide estimates that would allow planners to apply

the model to study impacts on the system.

3.0.0 Social Promotion as a Policy Option

Social promotion is often viewed as an all or none policy option to be

applied over all the grades and without any criteria or supplementary pedagogical



modifications. If carried out in this extreme form it simply means pushing

all ch'ldren through the lower grades toward eventual grief in the upper ones.
However the old policy of not-promoting, especially in the first grade, often
reflects these discriminatory features:

a. It probably penalizes unduly for the effects of slower maturation and
readiness, in that a selerction criterion which is largely based on reading skill
dominates. ‘hen this criterion is applied it selects out those children

who have less readiness for reading.

b. The group selected for non-promotion very likely are from lower SES groups-
deprived of family stimulus, kindergarten or pre-school experience, and may

be from a family cultural background that is totally alien to the school
culture. The children also may be affected physiologically by nutrition
induced difficulties. They probably are from homes where there is little
social organization of the kind that sends children to school‘regu1ar1y, keeps
them there, and helps and encourages them while there. If these assumptions
about inequality in background and readiness are plausible then a variety of

proaram options might be required.

3.1.1 Readiness Proarams

One program might be designed to give disadvantaged chilgren help
through readiness programs at kindergarten and pre-school level. This would
consist of enrichment through readiness training, possibly supplemented by
‘heéith and nutrition and socialization measures. If this worked, one option
would be to establish social promotion policies at the first grade and to
promote all childrer to higher grades and apply selective promotion later.

The evidence from enrichment programs indicates that short-term remediation



is not lasting in its effect and that marked disabilities may persist over
several years. Hence later screening might still adversely affect substantial
proportions of disadvantaged children. Furthermore,practical exberience |
suggests that there is less enthusiasm for supporting pre-school programs,

and that in fact only middle and upper class parents utilize such programs
in any substantial numbers. Also many of the pools of disadvantaged children
already show substantial pile-ups of over age children who would be out of -.

age-grade phase if kept in pre-school.

3.1.2 Developmental Reading

Another alternative is to continue social promotion (of a modified sort)]
and remediation through two or three grades, but to emphasize developmental
reading only. The IEA studies (1975) indicate that reading is one of
the major sources of retardation in the schools of all countries and that
much more and longer lasting direct instruction in building reading skills
is necessary? Hence the selection might still be useful at the first grade
but be misapplied when it simply is used to fail and make the child repeat
the first grade. A better policy a]fernative might be to promote the child
to second grade but to screen out those who fail, largely on reading,and to
select thém into special programs at the second grade. ;
~ The requirements for additional teacher numbers would not be vast for

this group, since the students would normally have been kept in the school

system anyway and served as repeaters in the first grade. Now they would be

1

Social promotion need not be mindlessly automatic. In Chile minimal attendance
standards (75% of the years classes attended ,with exceptions for illness)
were maintained.

2Purves, Alan and Daniel Levine (eds). Educational Policy and International
Assessment: Implications of the IEA Surveys of Achievement. GDerkeley:
McCutchan, 1975




served by extra teachers assigned to the second grade level for oecific
work in reading instruction. These teachers would have to be especially
trained, perhaps in service, but this could be added to instructional costs

as a measure for improving the quality of the system.

3.1.3 Simulating Alternatives with the Model

The model would be used to simulate the difference in costs of the
old system,where the enrollment pile up occurs again and again in the first
grade,and the new system where students who fail are pdshed along to reading
remediation in the second. It should also be clear that th%s would be
easier to do and cheaper in large multi-room and multi-class urban schools
than in rural primary schools, especially where there is one teacher already

covering more than one grade.

3.1.4 Continuing Programs in Higher Grades of Primary School

The same alternative would be continued through <zcond and third grade,
although here some criterion for promotion might be introdiuced, i.e./attendence
at a minimum proportion of class sessions. Apart from this students would
be pushed along with theif reqular grade group and given extra reading
instruction at third grade.

The program should continue up to the fourth grade, in order to accomodate
the fact that the effects of retardation are fairly persistent. At this
point regular promotion criteria might be introduced. Those who still
fail should receive training for basic literacy, or in the case where
there are psycho-motor difficulties or mental retardation special school

programs would be developed and made available according to need, and resources
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to meet the need.

‘ihe model could be used to simulate the affect of such a policy on

flow, enrollments by grades, instructional needs by grades,and added costs.

4.1.0 General Comment on Compound Models

The main use of compound models, 1ike the one shown  in Appendix II,
is not in predicting the future balance of manpower requirements and educational
supp]y. No model, no matter how large and detailed it may be, and no matter
how skillfully it is designed and no matter how accurate the information supplied,
can predict the future. Even less can running the model make some desired
future come to pass. The model once it is understood, can serve policy

planners well in these ways:

4.2.1 Future Systems Gaps

Model runs serve to alert the planner to future gaps between manpower
requirements and supply. These gaps will appear if the economic and educational
changes that are traced from analysis of past and present conditions continue
into the future. The Compound Model bases its economis growth forecasts
and educational supply projections on past and present economic and educational
facts. HModel runs do not predict the future, but rather show what can
happen if current conditions continue as they are, or change in some pattern
that can be deduced from the past and present. The Compound Model will reveal
shortages in the supply of educated people for the work force if present
entrance rates and promotion rates continue. The model also will reveal the
effect of continuation rates from one program to another and the possible

effects of work force participation rates, especially of female participation
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rates. (We also see that this future is not inevitable in that these

numbers and rates could be changed by changing policies and programs).

4.3.1 Systems Bottlenccks

Compound Model runs serve the planner in genéra] terms by showing the
relationship of different parts of a large, complex system, and the effects
of one part of the system on another. Hence the model runs help systems
planners identify bottlenecks in the system. An example in the Chilean
planning model was the indication of a bottleneck in,expansion of systems
enroliments because of a limited output of trained teachers. The model
suggested the necessity of a fairly massive in-service teacher training
effort, run on an accelerated basis in the early years and developed -into
a's1ower-paced, higher quality effort in later years. The model runs also
indicated a bottleneck in the training of skilled workers, unless shorter
in-service training programs werc offered. These programs were projected at
high unit costs, and the model indicated that in the long run the workers could
be trained more inexpensively in existing vocational school programs.

One bottleneck which prevents flow through the system to higher levels
is the effect of school exominations and restricted promotions. Another
bottleneck in manpower supply in many countries is low fema]e'participation
rates in the work force. (Yet another may be problems in rec;uiting or
training teachers in science and technical fields to man programs that
produce scientists, engincers and technicians), Some bottlenecks, e.g.,
restricted promotion, can be removed quickly with simple policy and program
changes. Some require changes in social patterns, changes in the basic structure

of the school system, and greatTy increased budgets.
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4.3.2 Pre-Views of Systems Futures and'Lead Time

Model runs serve by showing possible effects several years before they
occur. This pre-view provides planners and policy makers with Jead time

to develop other options and alternatives to change things for the future.

4.4.1 Arraying Policy Options and Alternatives

The model helps the planner array broad sets of policy and program
options in a systematic way. Iﬁ arraying “these options the policy maker or
planner méy see relationships among them that are not otherwise easy to
identify. Examples would be tradeoffs between reducing economic growth
targets and manpowver allocations policies (recruitment and support of expatriate
manpower), or tradeoffs between manpover allocations policies (recruitment
and high cost support of expatriate manpower) and investments in education
to increase the supply of national manpower. Once these broad options
are arrayed and understood it is easier to identify more specific policy and

program alternatives within the education and training sector.

4.4.2 Policy Options

Running the model may suggest in broad terms certain of these alternatives.
Examples might be social promotion policies, nonformal education and training
to increase output in a shorter period; or alternative arrangéments td provide

more coverage in rural areas at reasonable costs.

4.4.3 Pilot Scé]e Trial of Options and Alternatives

Once options have been identified they can be tried at pilot scale, and

the outcomes evaluated, and the effects of extending programs throughout the

system can be simulated. Hence, models can serve for experimentation with

both Targe policy and specific program alternatives. Different outputs and
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different resource requirements can be estimated. The effects of these

alternatives can be traced throughout the system.

4,5,1 Identifying Information Reauirements

Running the model also helps to identify information that is essential
for planning and policy development. The model does not produce the
information or refine it. The model identifies.the information r;quired
and specifies the form and curréncy required of the information. To seivice
the model and to keep it running reauires the gathcrind and up-dating of
information.

In working with models, planners will realize that no model is ever
perfect in form or complete in information. The model can be constantly
disaggregated and refined to help planners understand regional and

local realities.

4.6.1 The Model and Social Learning in Organizations

More than any other outcome the model should serve as a learning
experience for planners, po]icy makers and decision makers. In the ideal
situation learning should increase for all those groups and for all other
individuals and groups who are affected by the economic and social events
portrayed in the model. In obtaining more current information the planner
increases his knowledyc of the education and training system. In turn
this knowledge can be diffuscd more widely to inform others. But the increase
in knowledge and learning should go beyond an incréase in factual knowledge

and cognitive learning.
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Discussion of the model should promote dialogue among planners and
comnunication with people outside of planning. In this exchange the most
important outcome is social learning. In discussing the design and the
results of the model with others the planner should increase his own
understanding of the assumptions, values and preferences, even biases, that
have shaped the model and the real world it portrays. In the discussion the
planner can increase the awareness of others as to their assumptions, values
and prefefences; and, most importantly, he can increase his own awareness of
his own assumptions, values and preferenceé. In this exchange the true'

value of a general model is realized through social learning.
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The Objective Function: Discussion

The objective of this madel is to minimize the operating expenses
at all levels of the Chilean educational system over a given number
of time periods, while meeting the requirements of certain desired
levels of economic, social, and educational activities. The model gives
one optimal solution each trial but, in reality, Chilean planners were
looking for a whole family of optimal results with each such result
the outcome of a particular set of assumptions made by planners and
educators. This has been discussed in the carlier chapter in the section
dealing with the use to which the model results were put in searching
for alternative ecducational policies. To recapitulate briefly — the
model was not so much used to derive a single “optimal” or right an-
swer for future educational development in Chile as it was to show in
clear fushion u set of possible developments that could be related to
diflerent cducational policics und practices.

“For example. operating expenditures depend on the particular set
of assumptions being used. In certain cases these expenses may be
defined as the sum of the current costs plus depreciation charges plus
an interest charge on the capital cost. The current design of the model,
however, will provide a framework for studying the allocation over a
given period of a fixed amount of resources which are alrcady deter-
mined from a national point of view, i.c. the atlocation of current and
capital expenditures assigned in a national plan and prdjected budget.
The possibility of obtaining national or foreign loans to complement
Chilean resources will not be explicitly built into the model. Conse:
quently, the expenses will include both the current costs and the in-
vestments required to add new capacity to the system as these must
be met out of Chilean resources.

The arguments for a discounted cost criterion must also be dis-
cussed in terms of the specitic policies to be pursued. The present val-
ue criterion provides a measure of the total resource used in terms of
initial year resources. Implicit in this criterion is a time preference.®
The use of cost parameters expressed in monetary terms of each year
(usually, increasing costs cocfiicients) forces the fullest utilization
possible of initial resources before use of second period resources, ex-
haustion of second period resources before third period, and so on. In
any event, it is necessary to express all variables homogencously, i.e.
if we use the present value criterion, the budget constraint must also
be discounted.

The Objcctive Function: Statement '

The present example will focus on how the educational system can
use a given flow of annual resources. Exploring the effects of dis-
counting, thercfore, scems advisable especially given the large capital
investments involved. A consequence of these statements is that the
minimization of the total costs for the educational system can be
written:

Minimize
(l) C = }: Ce
t

where C = the present value (discounted ta year one) of the operational
expenses of all levels in the educational system during ¢ periods
under the below-stated set of constraints, The expenses include

SIn certain cises it might be necessary to discount the building capacity and the
stock of teachers beyond the model time horizon, For example, assuming conslant
nominal costs and a positive discount rate, the rationale of the model would be to at-
tain the goals using minimal resources from the initial year. In an extreme situation,
the solution might show that many students must not attend classes even if teachers,
room, and budget are available, The introduction of a minimum budgel constraint may,
of course, solve the problem, as would adequate social constraints,
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current costs and the investment required to add new capacity
to the system, .

¢ = the present value cost of operating the educational system in
year ¢ under the set of constraints for all the periods,

The ¢,'s represent the aggregate results of choice variables. !

The type of cost function used depends upon the specific aims of
a given design. The applicability of a linear cost function in this
situation has alveady been discussed briefly. The market prices may
change from period to period, but they are not influenced by the ed-
ucational expenditures in each period. If the market prices are being
estimated exogenously, we can deline the operational expenses of the
system in cach period as the sum of the different types of expenses.
Therefore, to each period corresponds a linear step of the “piecewise”
total cost function,

The total cost of operating the educational system in period “¢” is
now defined as the sum of the inner products of the following pairs of
vectors: '

(2) - Co =ayg« Zef age » Yo 8y o VA 8up - 100+ €qp -y

where: ¢ = time index of the period. The unit is one year.

¢ = cost of operating the educational system in year ¢ under the
set of constraints for all the periods.

2 = column vector, (13X 1), of activity levels ;. Each activity level

represents the number of students in educational level j,

= cducational level index. There are “n” educational levels.

ap = row vector, (IXn), of cocfficients ay;. Fach coefficient repre-
sents © the annual current costs per student in level j.

¥ = column veetor, (13X1), of activity levels y;. Each activity level
represents the number of students promoted to educational level
§ in excess of the historical trend.

az = row vector, (1)X#), of cocificients az;. IZach cocfficient represents
the monetary annual costs per student (promoted in excess of
the historical trend) in level j. This vector denotes the costs
of introducing improvements in the system in order to get a
higher rate of promotion in the corresponding level.

v = column vector, (n31), of activity levels v,. Each activity level
represents the number of square meters built in the period for
the educational level j,

81 = row vector, (1)), of coefficients §,;. Each coefficient represents
the costs per square meter built in the period in level J-

# = column vector, (nX1), of activity levels n;. Each activity level
represents the number of new teachers trained on the job that
are required for educational level j in addition to those teachers
trained in the formal educational system.

82 = row vector, (1Xn), of cocfiicients 8.;. Each cocfficient represents
the annual costs per teacher trained on the job for level j.

w = column vector, (nX 1), of activity levels w;. Each activity level
represents the number of workers trained on the job (except
“teachers trained on the job) at level jin the period “¢7,

« = row vector, (1Xn), of coefiicients ey Lach coefficient represents
the annual costs per worker trained on the job for level J-

~
|

*The choice variables include enrollments, increments in enrollments, teachers, build-
ings, other resources, and on-the-job training activitics. They may be rewritlen in terms
of the choice of variables if the computer storage capacity is exhausted.

A summary explanation of the terms of the cost equation may be helpful. The first
term (a:z) represents the per-student cost multiplied by the number enrolled in that
educational level; the second term (a.y) represents the cost per student of improving the
system multiplicd by the number of additional students promoted because of the improve-
ment; the third term (8,1), represents the huilding costs; the next term (8:v) the costs
of training new teachers on the job; and the Jast term (cw) cost for training workers
on the job.
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The total cost of cach period is, therefore, defined as the sum of the -
costs of enrollinents in difierent levels plus the costs of the increments
in enrollments over the historical rates, the costs of adding space
capacity, and the costs of training workers and teachers on the job,

The use of the a,, vector evades a detailed treatiment of the whole
problem of technology of education. Facl component of the cost vee-
tor includes teacher’s time, salaries, costs of teaching aids, overhead,
and the rest of the input, costs.® There would be no computational
problem to disaggregate the ay, veetor” Average historical costs are
available for estimating the ay vectors in the Chilean situation. As
most countries also have cost figures, the estimation of these parameters
is not a major probelm in applying the model to other countries,

The vector ¥, incorporates the estimated eliects of improvement
through more intensive educatjon which aims at increasing student
flows through the system. Examples in Chile are providing specialized
teachers, guidance services to assist in the solution of personal prob-
lems, use of better ¢ aching aids, and specially designed curricula. All
of these steps have increased the promotion rates in Chilean schools
during the peviod of the educational veform. The cxact form of this
improvement has yvet to be assessed, and the model will not serve to
make this asscssment. It merely takes into acconnt in general torms
what can be obscrved, Hence the results can not be precise.

The vector v, can also be expressed as a partitioned vector, each
Y element representing a vector of increments in the promotion of
students of age level 7 from educational level J-1 to level j. The costs
of the devices for improving the promotion, e.g. remedial reading,
teaching aids, or supervision can be different in each age group, If
this is the case, the @ vector must be partitioned in the same way,
The assumption that the level of a " activity can be varied is an as-
sumption of fact which is generally true though not precisely deter-
mined, Direct knowledge obtained through an evaluation of the re-
sults of the Chilean educational reform will be useful to test the
reality of these assumptions and o improve future use of the model.
Improvement in educational technology might have a high price.®

Data for the other cocllicient vectors (81, 8., ) are available for
Chile. Average cost of general construction (&) is available in most
countries. Variability increases when there are many regional differ-
ences and tends to decrease when standard pre-assembly procedures
arc used. In most countries there are on-the-job training programs for
up-grading workers, so their costs (e1) can also be computed. Ap-
plication of the model to other countries would present problems in
the determination of the costs of training teachers on the job {8.).
“Other countries have accelerated teacher formation, but few have
gathered data in a form in which costs can be computed.?

*Davis (1966) presents a good number of opcrational approaches to derive co-
efficients of costs 1o he used in more detailed models,

"The lack of Krnowledge of the effects of inpuls on the educational outcomes, how-
ever, proves to be a serious hurdle,

*Data for estimating the a., vectors is usualiy pvor, Information is lacking, even in
the developed countries CADL, 1967). In the m'cunlinw, vucated puesses have to he used,

I will nevertheless be shown later that even if Precise data are unknown the maode]
m:ll')"bc a useful framework for the study ol the cifects of possible new cducational
policics.
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Financial Identities and Constraints
The operational expenses in any one year cannot exceed the total
amount of resources available. This condition may be expressed:
(3) Ce == 3,
where & = maximum amount of resources the educational system can ex-
pend in year ¢,

This boundary condition limits the choice variables to values which
are judged to be politically and administratively feasible. These con-
straints, therefore, can also be considered as social constraints. One
way of estimating the ¢, would be to relate them to the amount of
GNP in cach year."

a = .Bl GN]’:
where 8¢ = percentage of GNT devoted to education.

Constraint 3 can be disaggregated into the different types of costs
that make up the total cost of operation described in constraint 2. This
disaggregation might show the costs of the various conventional inputs,
teachers salarics, instructional materials, and the like that go into
education. Operationai expenses can also be disaggregated by educa-
tional levels. In this case, it might be stated that the total cost devoted
to primary education cannot exceed a given percentage of total costs.

Demographic Relations

. The total number of students of a given age must be less than or

equal to the population of the same age. The constraint can be ex-

pressed:

(4) Xihp = 11,

where ¢ = time index of the period. The unit used is one year.
X = matrix, (¢Xn), of activity levels x5 Each activity level repre-

sents the number of students of age level 7 in educational level
j in the period “¢”.

i = age level index, There are “a” age levels.

Jj = educational level index. There are “n” educational levels,
An = column vector, (#X1), of unit clements = {1,1,...,1,1}.1
II = column vector, (aX1), of = values. Each value indicates the

number of children in age group { in the period,

This boundary constraint reflects the population balance in each year.
The column vector, however, could be premultiplied by a diagonal
matrix in order to rellect geographical peculiarities of some sectors of
the population or to rellect social goals, e.g., to educate a given per-
centage of children in the primary education entrance age group in
period ¢.

The disaggregation of enrolliments by age is given as an example of
working in more than one dimension. The age dimension was chosen
because it will be used in the numerical implementation. In other
situations it might make sense to disaggregate by sex, regions, source
of financing, specialization, religion, main language, and urban-rural
difference.

¥ Other ratios can be compulted, e.g. selting ¢o as a percent of the total budget, Rates
of growth can alse be incorporated to refect changes in social decisions,

n TR .
I\T.l.llllp‘llt.lllull by M\ simply serves to collect the grade enrollments across onc age
group ¢ which must be Jess than or ¢qual to the number in the group i as (4) states.
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Identities for Enrollments by Levels

The activity level of cach one of the x;, variables is chosen in order
to minimize the objective function. In each solution of the model many
of the x,, variables will be included. For the sake of simplicity a “z”
variable was used previously. The z variable represents the number
enrolled in each prade. The students of different age levels in educa-
tional level *j” add up to the z, value. Thus the X matrix is related
by definition with the vector z:

(s) Xede = 2z

where A, = column vector, (aX1), oi (identical) unit elements.'*

Constraint 5 is an identity. The equation states that the z vector
can be substituted for the left hand side of equation 5.'*

Stock of Teacher's Relations

The refationship between annual flows and stocks must be carefully
examined between time periods. In each period there must be avail-
able a sufticient number of teachers to handle the enrollments which
means a number that equals the product of the enrollments in the
different levels and the corresponding teacher-student ratio which ap-
pears as a coeficient in the model. The constraint that the total num-
ber of teachers required must be less than or equal to the total num-
ber availuble can be written as:

A

Py o = @y for t =1

(6) .

-1 -1 =1
Q! "\ "\ A

iz — ZQ,, oy - 211, + 2.\1{. = @y fort = 2
541 $=-1 s 1

where ¢ = time index of the period. The unit used is one year.

¢, = diagonal matrix, (23X n), of coeflicients by;. Fach coelflicient repre-

sents the number of teachers per student in educational level j.

Euch coeflicient, therefore, corresponds to the reciprocal of the

student-teacher ratio.

z = column vector, (1<1), of activity levels z;. Each activity level
represents the number of students in educational level j. There
are “n" educational levels,

Q, = matrix, (#Xn), of cocfiicients w,,;. Fuach coefiicient represents the
graduation rate for teachers going to teach in educational l2vel
J. Most of these coefiicients are usually going to be zero.

1 = column vector, (#X1), of activity levels u;. Each activity level
represents the number of additional teachers trained on the job
required for educational level j in addition to those teachers
trained in the formal educational system,

A = matrix, (nX ), with s in the diavonal above the main one and
zeros elsewhere. The product of this matrix and a column vec-
tor is a new veetor with the j element being the j4-1 clement of
the previous vector,' The last clement of the new vector is
zero:

1

2 The Ae collects the number in various ages across one grade group just as A, col-
lected the number in various grades across one ape group,

B the computer capacity s exhausted, constraint § can be eliminated by rewriting
the constrainls where the Y2 vanable was used.

¥ Multiplication by the matrix A simply shifts teachers up to the next higher fevel
meaning they are on-job trained in one level and pass on to the next highest,
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®; = column vector, (#X1), of coefficients ¢;;. Each coefficient repre-
sents the number of teachers teaching in educational level *;”
in the beginning of the initial period.

The first term of the left hand side of constraint 6 expresses the
total number of teachers required in the period at level j. Usually,
the number of teachers’ categories will be less than “»”. In this case,
the first term of the left hand side must be adjusted in order to group
. all the teachers required in each category.

The second term of the left hand side expresses the total number
of teachers graduated since the beginning of period (¢£=0). The sum-
mation starts from year 1, that is, the graduates of previous years
have been considered in the initial stock ®,. The final limit, t—1, im-
plies a one year lag. Diiferent lags, however, can be assumed for the
time required to upgrade each level. In certain cases the lags may be
differentiated by the training level of the active teachers in a given
educational level (Beeby, 1966).

The third term of constraint 6 shows the number of teachers that
reach a given category through on-the-job training. The fourth term
shows the number of teachers that left the j category for the j+1
category through a similar upgrading process. This process presumes
that teachers’ advancement is a step-by-step event through an
ordered sequence of levels,

The whole expression can be adjusted to represent different situa-
tions. For example, in order to take into account the fraction of the
graduates that do not join the teaching staff, the second term of the
expression would become:

-1

>
2 My 2 fort =2
s 1

where M, = matrix, (nXn), of coeflicients p,;. Each coefficient represents
the proportion of the total number of graduates going to teach
in cducational level j. '.

Those who fail to become graduate teachers in a given year remain
in the student flow. They will be taken into account through inequality
10.

Terms can also be adjusted for retirements and deaths. If necessary,
inequality (6) can be rewritten to account for them. The stock in
period ¢ is presented on the right hand side. For a given level j the
constraint for ¢=2 would be:

-1 =1
QW Y
bijt Zj = $l/(l—l'u)‘ -+ zwl/’s Zin(l—py )80 4 ‘\;; (L =)t =21
".I»u‘l 5-1
>
— 2 uuyrna(l—rg)—s?
51

where v = annual rate of retirement of the teaching force over the plan-
ning period for each one of the different sources of the stock of
teachers. The rates of retirement are {unctions of the age com-
position of cach group and can change over time.
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Building Capucity Relations
The total spatial need in each year is defined as the number of stu-
dents in educational level j multiplied by a specified area per student.
The result must be less than or equal to the available space. The con-
straint may be cxurcsscd as;

Do 2y 22 fert =1
(7 -
(=1
\ﬁ A
Pu 2 — 20 = o fort = 2
s 1

where ¢ = time index of the period. The unit used is one year.
by = dizgonal matrix, (#Xn), of coefiicients ¢ej. Lach coefticient rep-
resents the number of square meters of space per student in ed-
ucational level j. Expressed in terms of the space of the standard
classroom, the coefiicient, therefore, corresponds to the recipro-
cal of the student-classroom ratio.

v = column vector, (nX1), of activity levels o, Each activity level
represents the number of square meters of classroom space
built in the period for the educational Jevel j.
¢a = column vector, (nx1), of coefiicients @2, Each coefficient rep-

resents the number of square meters available in the beginning

of the initial period for the educational level ;.

As in the previous constraint, if the number of difierent building
types is less than “n”, the @, matrix must be adjusted. A one year
lag has also been considered. The “2” terms can be adjusted for de-
preciation. The next expression shows the adjusted constraint for a
given level j and for 1=2:

=1
A . .
bag 2 = ¢2j(1—io)! + E:vn(l—h)""‘
s==1
where i = annual rate of depreciation of the buildings stock for each one
of the diife cnt sources of the stock. If the rates of depreciation
are functions of the age distribution of each building type source,
they can also change over time.

Iiducational Technology: Relations and Constraints
Educational technology and other school conditions are reflected by
repetition, promotion, and drop-out rates which include the efiects of
mortality. These rates completely determine the pattern of movement
of enrollments through the system. The historically derived relation-
ships between the ratios and enrollment, however, have been modified
to allow for economically eflicient improvements, as follows:
(8) Yz Y =24
where ¢ = time index of the period. The unit used is one year,
Q = matrix (nXn), of transition ratios (probabilities).
The wj; elements of the matrix are the repetition ratios of the educa-
tional level j, while the o;,; clements correspond to the promotion
ratios from educational level j to the level j+1. (The drop-out and
graduation ratios from cach level are included in equation 10. Part of
them are also included in equation 6.): '

"I p cquals promotion rate and r cquals repetition rate. the fraction of original
entrants that will eventually graduate from a system of j levels is given by the continuous
product: ' ’

h P P

ler, 1=14 1—-17;
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¥ = column vector, (nX1), of ¥j activity levels. Each activity level
represents the number of students promoted to educational level
J in addition to the historical trend (overllow).,

This equation provides one of the dynamic links between consecutive
periods. The expression, being a recurrent formula, transforms short-
term student achievements into the long-run distribution of student
educational attainment. The transition matrix propagates present im-
provements in the promotion rate to the student distributions in fu-
ture years. These links can be moditied according to the situation that
is being assessed.

The transition ratios depend on age and to reflect this equation 8
can be expressed as:

D d’ye 4 Qo 2o 4oL QY + M= 249
where O, = matrix, (nXXn), of transition ratios of the age level i student pop-
ulation, The definition of each of these matrices is similar 1o that
of the @ matrix described previously,
{(nXx 1) column vectors corresponding to the rows in matrix X,

Vit
The y-vector which reflects improved promotion rates permits one
to introduce some flexibility into the solutions of the model and to
achieve useful solutions to linear programming preolems which had
been previously intractable. This vector can, for ii.cance, be dis-
aggregated into age categories. The level of activity shown by these
variables would then give the increment in the proportion of students
historically promoted at each age. The associated improvement in ed-
ucational technology would be described by the cost weights given to
these variables. Given a wide spread of ages within grades, it is help-
ful to disaggregate because students at the extreme points reflect re-
tardation, deprivation, and other special problems. Hence they may
need educational treatment, which is different from that provided to
the cohorts making average progress. I'or most cases this special treat-
ment or enrichment is more costly. '
If the “y” variables are considered as pulicy instruments, the im-
provements implicit in their values are valid only in a given range of
these values. Remedial courses, for example, may solve the problems
of a fraction of the participating students in the courses. The same
is true for other improvements in cducational technologies. In prac-
tice in Chile as elsewhere, the relationship between application of in-
tensive educational technologies and their quantitative cffects has
not been adequately rsearched and measured. There are two sources
for establishing the grounds that there are such measurable effects al-
though there are no servicible results to guide the planner in the general
case. The voluminous literature of educationl research, in the United
States, Europe and elsewhere, provides partial answer for specific cir-
cumstances and modalities.  Lately, following the Coleman study
(1966), economists have been studying the relationships between what
goces in and what comes out of an educational process through analysis
of educational production functions (Levin, 1968).
A subjective statement of the upper limits on these effects can bhe
expressed in either absolute terms or as a perccatage of the enroll-
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ments of the previous period. The next constraint corresponds to the
latter case:
(9) Yo =2 Hyzg_,y
where 1 = diagonal matrix, (nXn), of coefficients w;. Each cocfficient rep-
resents the maximum improvement on promotions from educa-
tional level j.

The cocfficients 5, are related to the cost coefficients ay; in the ob-
jective function; however, the annual cost of student promotions above
the number predicted by the historical trend, equals the sum of a,, and
az. It may be hypothesized that the a.; parameters tend to vary as the
y-variables increase their values which implies that the larger the im-
provement in technology, the larger the cost coefficient. This is similar
to most input-output type relationships in that the inputs eventually
grow at an increasing rate.'® The practical consequences of this are
known to educators although the fact that beyond a certain point you
get a less clear-cut return for your money is not a popular subject for
discussion.

The educational technology constraints are especially important in
“countries that are semi-developed such as Chile. In these countries,
most of the children in the primary age population attend school, so
the magnitude of student inputs to the educational system cannet in-
crease substantially. This necessitates the use of more refined methods
to meet the growing requirements of the country, c.g. improvement of
promation and reduction of drop-outs. Because of the limitations on
quantitative solutions to this problem one is dealing, for the first time,
with “quality” problems, but in their simplest aspects. The qualitative
solutions will be expanded on and refined in the quadratic model to be
developed in the second half of this book. :

Manpower Requirements Relations

The labor force requirement es‘imates can be made using different
methods. The manpower approach and the rate of return correspond
to the primal and dual expressions of the same problem (Blaug, 1966
and Daniere, 1965). In both cases unemployment problems and his-
torical increments in productivity or in learning-by-doing eifects on
productivity must be considered.

The demand for labor, being exogenous, does not allow for substitu-
tions between number and level-of-skills of workers in each run of the
model. The inflexibility of the manpower approach itself, where lack
of substitutibility among classes of education and training is assumed,
has been generally criticized in Chile as elsewhere However, in Chile
as elsewhere, planners are aware of this and treat their results accord-
ingly. Running for diflerent sets of assumptions may be a partial
answer to this problem, while reassigning surpluses generated in higher
levels to lower labor force levels will be suggested as a second possibility
within the present structure of the model.

Though analysis of labor demands is beyond the mandate of most
cducational planners, some attention must be paid to the interaction
effects between decisions made within the structure of the model and
the demand for various classes of labor. For cxample, manpower
forecasts do not take into account the relatively fixed relationships
between enrollments in two adjoining educational levels in consecu-

' As was mentioned before the choice of the type of relationships depends on more
adequate data than that actually available. Through piccewise functions, however, the
model provides a good substitute for non-lincar expressions (Marowitz and Manne,
1952). :
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tive . ears nor the almost constant drop-out rates. The enrollment in
any level jis caught between a manpower demand signal of some fu-
ture year and the intlexibility introduced by the limitations on enroll-
ment in level j minus one. These rigidities send out waves that may
disturb the whole system. Because of the fixed and cumulative nature
of education it is not casy to shift transition coefiicients rapidly.
Most of the flexibility comes at the first year of entry point of any
level when there is a pool or a backlog of potential entrants and the
number admitted is under policy control. A quick policy response at
the upper levels may not be possible, however, and in such situations
there are what some planners call bottle-necks — either not enough
potential entrants or not enough potential places open for entrants.
Drop-out rates also have.an eifect when they interact with future man-
power demands. One nwst, therefore, be wary of accepting the fore-
casts without checking the gaps observed in each one of the levels
caused by the excluded relationships.” As this model provides a
framework for disciplined judgment, the educational planner can
utilize it to make the ferecasting of manpower requirements more
meaningful,

The labor supply is generated by two sources. The first is the pro-
portion of the leavers from the educational system that want to join
the labor force. As some jobs require higher skills and more experience
than the educativnal leavers possess. the second portion of supply
comes from on-the-job training of labor force members. The con-
straint can be written:

(10) MZzg 4w — Awy 4wy — Ay = degn
where M = (Iiugou‘ul matrix, (n3<n), of the proportions u; of the total leavers
of the j educational level actually joining the labor force.

Z = diagonal matrix, (n3<n), of the drop-out rates ¢; from the j level

of the educational system.

z = column vector, (#3< 1), of activity levels zj. Each activity level
represents the number of students in educational level j. There
are “n” educational levels.
column vector, (1 1), of activity levels wj,. Each activity level
represents the number of workers (not including teachers)
trained on-the-job for level j in period £. For t=0, it repre-
sents the initial stock of workers trained for level j.

A =matrix, (#Xn), with I’s in the diago~2l-above the main one
and zeros elsewhere. It is the same sl ift mechanism described
on page 72.

# = column vector, (nX 1), of activity levels ;. Each activity level

represents the number of additional teachers trained on-the-job

that are required for educational level j in addition to those

teachers trained in the formal educational system.

column vector, (nX 1), of coefiicients y;. Each coefficient repre-.

sents the additional number of workers (including teachers)

with educational level j required in the period.

The left hand side of equation 10 describes the labor supply. The
first term of the left hand side shows the number of leavers from
educational level j that join the labor force. The second term adds to
level j the number of workers up-graded from level J-1. The third
term subtracts the number of workers from level J on-the-job trained
for level j+1. Similarly, the fourth and fifth terms express the effect
of teachers’ on-the-job training. The right hand side corresponds to
the manpower requirement vector. A one year lag is assumed.

W,
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"In order to match the higher manpower level requirements surpluses may be gen-
crated in the Juwer Jevels. Once the educational demand has been created it is almost im-
possible to reduce it.
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If supply matched demand in each level and in each period, no ad-
justment would be necessary; however, many times there appears
a surplus of manpower in a given level. In most cases the manpower
planner should check the forecasts, but in certain cases it is interesting
to observe the effects of a reallocation of the surplus to jobs requiring
lower qualifications. The next equation shows how to do this:
Mz wy = N b e — N - NS — S = g
where s = column vector, (131), of activity levels s, Each activity level
represents the surplus in educational level j devoted to level
j—1 except s; which corresponds to a slack activity, The *s"
variable then functions to adjust and balance the equation be-
tween supply and demand.

In this scheme, the use of an equation instead of inequality 10 may
not introduce a stronger constraint. In fact, this special use of the
slack variables tends to reduce the requirements. All the qualified la-
bor force will be employed beiore the unskilled workers. The model
cannot, however, take into account the fact that the surpluses in each
level will move salaries downward and, consequently, more people
will be in demand.'

If the economic requirements are smaller than the social require-
ments, there would be overqualification at certain levels of the labor
force or more skilled people unemployed. There would also be some
incentive to emigrate.

Institutional Constraints on Manpower Training

The start-up problem of an on-the-job training system is one source
of institutional constraints. The supply of trained workers is limited
by the need for a large initial investment in specialized instructors and
equipment and, in underdeveloped countries, an initial lag of three
to four years for training the instructors is also common. Technolo-
gical change, on the other hand, requires a continuous retraining of
some scctors of the labor force. Given these facts it seems prudent to
sct a minimum activity level in the training establishment that ensures
the maintenance of a core staff with the capability of training the
workers, since operations cannot be built up rapidly in a short time.
The feasible range for the on-the-job training capacity will, therefore,
be: '

(11) W > W,

(12) Wy == 12(

where @ = column vector, (1X1), of cocfficients ;. Each coefficient repre-
sents the minimum number of workers it is necessary to train
in any period to maintain a core staff of traiters and supervisors
and maintain equipment to permit a rapid expansion of opera-
tions up to full capacity.

column vector, (nX1), of coeflicients 13, Each cocflicient repre-
sents the maximum number of workers it is possible to train
in any period given the assumed average available capacity.

It is also possible 10 rewrite the upper limit in terms of the number
of workers trained in the earlier period. If a 20 percent increase
is considered the limit, constraint 12 becomes:

(12a) wy == 1.2 w_y

Similar constraints can be stated in order to take into account in-
stitutional problems found in other aspects of the educational system
such as unemployed teachers, unused plant capacity, level of operations
of the building industry or the teaching aids industry, or teachers un-
available for on-the-job training. Lven the constraints on the “y”

2>
Il

™ This movement alony the labor demand curve could be examined hrough an iterative
use of the model if the price elusticity of labor were known or if it could be subjectively
estimated,
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variables are, in part, due to institutional rigidities. If one of these
institutional eonstraints operates to reduce the space of feasible solu-
tions, the set of assumptions must be reconsidered.

Social Goals Constraints

The social demand is one of the two sources of educational demand
included in the model. These social demands engender a set of con-
straints that can reflect a social point of view. Social goals can be
represented in the model. For example. if a number of students of
“normal” age i in grade j must continually increase over time or at least
remain non-decreasing, the constraint would be:

(13) Xijp = Xijge-y)

The social goal can be more precise and reflect system improvement,
e.g. the number of students of normal age i in grade j must be greater
than the estimations for year ¢ based on the historical trends:

(14) Xijg > Xy

where &, = estimated number of students of age level i (normal age for
grade) in educational level j in period ¢ if historical trend con-
tinues.

For some ages it would be reversed, again to reflect system per-
formance improvement over trend, i.c. fewer over-age children in the
grades:

i < ¥ijuey)
This incquality states that for those groups above the normal age (2*)
the number of students has to be smaller than the estimations based
on historical trends, c.g. the students that are three years retarded
over the normal age i in grade j must be less than the historical trend
in year ¢,

Anather social goal could be to use all the available teacher capacity.
This goal can’be stated by expressing constraint 6 as an equation in-
stead of an inequality. Social goals related with better student-
leacher ratios may also be represented through the ¢ parameters of
constraint 6.

Some social goals are expressed as at least a given percentage of
children in age group 7 must attend school. The constraint may be
written as: ‘

(]S) A";\,‘ == I)l.”,

where £ == diagonal matrix, (aXu), of p; coelticients. Each cocfficient rep-
resents the minimum percentage of the i age group in the popu-
lation that must attend school in the period,

This constraint corresponds to the lower bound of constraint 4, If
the boundaries (end to approach each other, the social goal may be
expressed at the limits as to educate a given percentage of children
in each age group, in a given range of ages. In this case the constraint
becomes: "

XA, = P,
where I’ = diagonal matrix, (¢Xa), of the coefficients f)\. Each coefficient
represents the percentage of the it age group of the population
that must attend school in the period,

As a final example of a social goal it would be possible to represent
the decision to devote to a given type of education, e.g. university, not
less than 15 percent of total costs. The inequality would be:

Cn = .15¢;
where ¢, = cost of operating the educational system in year ¢ under the set
of constraints for all the periods.
¢nt = cost of uperating the n'% level of the cducational system in year ¢,
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In the actual Chilean planning exercise some of these possibilities
of using the model were explored peripherally to the main running of
the model; others were not, Whether they were actually incorporated
into the analysis or not, they are sketched out here for their general
interest in case administrators or planners later had some specilic in-
terest in exploring them.
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