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Activity of the Centre for Educational Research and Innovation
(CERI) concerning educational growth and educational opportunity consists

e4 'Of three' interrelated projects:

INTRODUCTION

r

(i) alterna-O.Vd strategies ter equality of educational
opportunity;

idij-strateic decision- making problems;
.

'(iii) alternatiVe eTdacational futures.

In the'context-of the.-project on strategic decision-making problems,
CERI is trying to develop new apprOaphes to educational planning that
vill be characterised by an organisational pattern 'integrating planning
more clbsely with the ddcision-making-prOcess..This project is of course
concernedwith the pIannini techniques likely to be generally used for
educational planning in the next decade. An initial experiment with
simulation techniques has been carried out by the Secretariat. After
the publibation-and testing of this model, it was necessary to investi-
gate the use of this kind of technique for problems of long-term educa-
tional planning. For this purpose the Secretariat organised a meeting
of a group of technical experts on,the .6ph and 7th July, 1970 in Paris.

The following technical report, which is in-two parts, contains
themost significant papers presented at this meeting. In the first part
the auth6rs of the model gompare it with alternative techniques, describe
its field of application and make a special'study of the French educa-
tional system. The papers in the second part deal more specifically with
the critical evaluation of the model and draw Attention to/b.ts potential
applications in various national contexts. ot:

5 5
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SUMMARVRECORD OF THE MEETING

Discussions on the first day mainly covered:problems relating to
the use of models for long-term educational planning, and participants
concentrated *pn four major themes.

The first discussion deve ped around the problem of evaluating a
particular model, i.e. whether valuation criteria could be formulated.
It was first emphasised that communication between 'planners and decision-
makers was difficult and sometimes impossible and, as decision-makers
had little or no understanding of the significance of the alternatives
proposed by the planners, it seemed difficult to define criteria that
would be meaningful to both parties. From a purely technical standpoint,
two criteria might be used to evaluate a given model:

- the coherence of its structure;

- the degree of approximation to the reality that it
represents.

According to R. Durstine, it would be advisable to adopt a more
general position and try to formulate a real "economics of models"
/elating their cost to their utility. Depending on the situations this
"economics" would offer a set of criteria for selecting'the most appro-
priate model.

As conditional predictions can be made with simulation models, it
was expedient to analyse their usefulness in the planning process.
Participants first emphasised that there was a difference'between pre-
dictions and projections.' All predictions are conditional and, by
integrating non-quantifiable factors, seek to answer questions of, the
type: "what will happen if this ? ", whereas projections consequent on
an obseivation in time propose only an identical future development.
According:to P. Armitage, conditional predictions as practised were
likely to be a relatively gratuitous exercise for the decision-maker
who, in fact, was seeking information on propositions of asymmetrical
type: "If.this is the situation, what action should be taken?" ("what-
if' vs "if-what"). More precisely, it could'be said that planners have
so far tried by using ingenious sets of'assumptions to cover the range
of potential future situations without analysing possible action to
meet these' situations. This naturally led on to a discussion of the
concepts of the control theory, in particular feed-back couplings
which the SOM ignored. The reply to this was that the long-term planning
process could not integrate the concepts of the control theory because
the education system is in continuous development and'its specifications
eluded analytical description. However, P. Alper pointed out that the
1.atesst developments the control theory show that the "observability"
and"c9ntrollability" sub-systems can easily lead to a system that is
neither observable ner controllable; it would therefore seem difficult
to use the control theory in modelling the education system..

6
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Since a Vimulation model attempts to construct alternatives rela-
tive to diffetent sets of assumptions, the problem thus consists of
choossing among these alternatives. The cost of constructing tha latter
is high and it is not easy to.see what criterion to use-for the choice.
The statement of these alternatives could serve as a first filter.
Moreover, the lack of objective function in the model mi,ght 15e offset
by the use of a series of different criteria to reject'ynacceptable( .

alternatives (from the standpoint of'a given policy)'.

The use of a model based on the concept of transition coefficients
depends on the determination of the latter.' In this connection, partici-
pants described two attempts at statistical &valuation.

- The first (Heidelberg University) was related to the use of a.
system of individualised data and made it possible to construct
series (3-4 years) relating to entrance, death and migration
coefficients by sector and by age; according to the authors,
such an investment is not as valuable as had been thought a,
priori for long-term planning.

- The second attempt (Canada) was more particularl concerned with
following a cohort of 19,000 pupils in the tame ge-group4 this
study shows that transition coefficients (primary/secondary) are
dependent variables and it appears that the analysis tt 'flows"
is more rewarding than that of transition coefficients.

rt.

On the second day it was possible to discuss necessary improyements
in SOM to eliminate most of its weaknesses. Furthermor4f participants
generally agreed -on the need for decision-makers to ha at their dis-
posal low-cost models which are easy to use.

(a) The lack of a preference function in the model
choice among the alternatives constructed. The
of cost constraints or "filters" would make it
discard unduly costly alternatives.

The definition of a simplified version of SOM,.utilising only
the Plow and Indirect Resource Submodels,would enable adminis-
trators to become familiar with a fairly uhc-omplicated.tool.

Modification of SOM so that it can be used without the Flow
5ubmodel, ca1011ating student, stocks outside the model by
another forecast4g method.

To change or adjust the algorithm of the restricted entry
section, as the pattern is probably not consistent with demo-
cratic 1.111esor example, women are usually discriminated
against. .

To introduce into the model behavioural relationships making
it possible to estimate the future trend of transition
coefficients.

To calculate in the Resource Submodel the cost of replading
worn-out equipment and to introduce capacity depreciation.

'precludes easy
introduction,
possible to ).

- 8 -



www.manaraa.com

The participants then considered the utilisation of this type of
model and guidelines fot CERI's work in this field. They made the
following proposals: ,

l.,Efforts should,pow,be concentrated on applications. Modifica-
tions to the model sholld be introduced only in relation ta aRplication
studies,

Applications should be directed towards the countries concerned,
with technical assistance from CERI, if necessary. The participating
countries which,had already expressed immediate interest (Netherlands,
Ireland, Germany) were already familia'i with comparable models.

3. The subsequent completion of case studies should be accompanied
by descriptions which are sufficiently explicit to be used by high-
level decision-making administrators. This could lead to a considerably
Better understanding of long-term educational planning.

a
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1. INTh0DUCTION

1.1 Educational Planning.

-1. Planning is meant here as the development of general 'de-
lines for the future development of,the planning object i.e. the

. edacational system or,part of it) and a programme of,action for
the implementation.*Long-term planning (5-15 year pldns) is gabms-
'imes called strategic planning as compared to short-term planning:
tactical planning.

2. A,signifi,cant difference between short-term and long-term plaAr
ning is that many factors that are unchangeable in the short run
are variables inthe long run. This is true, for instance, for
regulations, organisational structures, partitionof decision-
making power.and responsibilities, between central aria ideal centres
and higher and lower dedision-making_levels.

.3. In the educational system a large numbefjof variables are quan-
.

'tifiable such as,the'number of pupils or students in various
branches, various types of monetary and physical resources required,
and the demand of qualified manpower of various categories. In
strategic plerming it is,' therefore, necessary to deal with'a large
amount ofJdata, often uncertain and interrelated iA a complex way.
Only.some 15 or 20 years ago the educational system was considered
4s a principally static one only now and then in need of some minor
*form. There has been, however, a growing recognition of the
importance of'consciously developixig the System in accordance Ulth
educational objectives and continuously adapting it to a changing
society. Along, with the increasing emphasis on educational planning
there has, naturally, been an increasing upe of various Mathematical

.methods and models to deal, with the-quantifiable factors. Mathema--
tic4 procedures of varying.simplicityrhave been applied such as,
additions, multiplications, matrix inversions, linear-programing,
differential equations, detetmini'ptinior Monte Carlo simulations,
etc. , 4.1

4. Some general definitions conterAirig models are given below asl
a background for the subsequent discusdia-of the role'of simula-
tion techniques as compared to other techniques in the analysis of
4ducational planning problems.

,

1.2 The Model Concept

.

5. A model is a theoretical description of certain a'spen's Pfa
real-life process or sy0tem. In science, models.have long been ustd,
more or less explicitly. ehe study of.data'from same proctiight
indicate some kind'of regularity. The description of this regular-
ity, e.g. in terms of a mathematApal function, gives a hypothetical
Todel of the process. The use of the mode], may indicate.concluatons,

- 1.731,4
.
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the validity of which -can then be inves-ftgattd. An example is the
development that rid to'Newtonls laws of"motion and. gravitation.

6. This way of constructing and tieing models has.also been signir
ficant in operations research and ecofiomic theory. In connection-.
with long-range planning and forecaatingprobleis the model concept
ls, however, used slightly differently. No data Can be collected
about the overall performance of future systems.or processes.
Nqd s concerned withthe future development of a systebave
t-re'. e'to be eased on theoretical relationships
between omponents and'causal relatie t e model takes
account of, more or less accurately, n - acteristits of
the system but omits others. 'The choice characteristics taken
into account as well as the degree of accuracy aimed at, depend
won the types of problems the model is meant to help analyse. -

It is, therefore, always uninteresting t6 discuss the realism of
this type of model per se. The point that matters is whether the
influence of various factors on the output'of the model is de-
sCribed accurately enough for the problem areafor which the Model
is developed or applied.

1.3 Classification of Models

7r Models can be classified in a number Of different ways depend-
ingon their structure a4Pon-the features emphasised. Models may,
for instance; be divided according to the process or system they
embrace, or according to the level of disaggregation or decision-
Making level they concern...A survey df classification principles
are given in "The Role of Analysis in Educatiattal Planning".(1)
For the puiTose of this paper it is more convenient to classify
models according to their.mathematical structure, and thus for
example distinguish between analytioal and simulation models,
stochastic and deterministic models and tetween manna, and com-
puterised models. To facilitate a discussiohabout the use of
_simulation techniques in educational planning, definitions of some
different types of models may be useful.

8. Deterministic models are characterised by the fact that they
describe processes withoirt statistical variations or without
taking account of such variations. Stochastic models include
randomvariables and give the statistical distribution of the
outcome.

9. Analytical Model's express directly by formulas the influence
on thi outcome of the different input parameters. They may be
deterministic or stochastic. Oren with fairly schematiC descrip-
tions of systems including random elements, it May be, difficult .

in-practices-to derive expressions for the pl'obability distribution
of the outcome. It is, therefore, usual to change to another type
of model,-the "Monte Carlo" mode/, fbrdesdriptiams or simulations

(1) B. Schwarz:, "The Role of Analysis in Educational planning ",
Background Ptudy No.9, for the OECD Conference on Policies
for Educational Growth, STP(70)13.

- 18 -
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of more complex chains of events in which prohebilisticelements
play a prominent role.

10. Manual gaming is distinguished by tho idea ot play, the .

decision function being performed bylaUman beings at some ttage
,of the calculations. Usually the Monte Carlo method is used, but
average values may be formed. There are many different forms
and fields of applitttidn of manual gaming. Political games, for
instance, are used,..for studies of conflict situations between
nations in order to provide a basis for political decisions: There
are also diffeltnt types of management games for studies of com-
petition,

--

prici4 policy, etc: -

1

11. Monte Carlo models simulate chains of events in chronological
order. These chains have a number of branches, each of which'is
given a number representing the probability of chposing that
branch. Wheta faced with a choice of route, a random number-is used -
to decide wilich branch to take. Monte Carlo simulations are some-
times earTied out manually. For statistical reliability the.simu-
lation often has to a repeated a large number of times, which
sometfbeeis possible in praetiCe only if a computer is_used.
Monte Ciflo models are sometimes divided into time-step and event=
'store simulations, depending on how time is treated. In the time-
step method one divides the duration of the simulated period-ofve
time into a number of successive. time Intervale, In the event-
'store method, on the other hand, after a given event has Occurred,
one determines and "stores" a set of future events and the times
at which they will occur and then selects and determines the out.L.
come of the earliest.

12. A computer model is A model programmed for avelecironic cop-
puter. When debigning a model which is to be programmed for a
computer, "Computer capabilities as well as the intended use of the
model hava to be taken into account in order to obtain an efficient
computer programme. .

Whether or not it is preferable to use a eamputer_for the
calculations depends on the extent to Fhieh the expenditure of
time and cost on programming the model is made up by the greater
speed of calculation. If, for instance, the outcome of a process,
.as described, by a model, is to be determined fdt many different
sets of input data, compute/. -models are often preferred even if
the programming work is time-cdnsuming. If, on the other hand,
the outcome is only to be determined for a few alternative sets
of 'input data, one may prefer to carry out the simulation or the
calculations "manually", possibly with a desk calculator.

13. Linear programming is a technique for maximising linear func-
tions, subject to a number of constraints in the form of linear4,
inequalities. During recent years methods have been sought for al
wider class of optimisation problems, such as the maximisation of
different types of non-linear value functions subject to linear
(Or non-linear) constraints. Mathematical programming is the name
given to techniques for solving this more gerteral type of optimis-
ation problem.

19)-

to.



www.manaraa.com

4$.

1/4

14.A simdlation model often means a Monte Carlo simulation model,
but it may'also be a deterministic model. To "simulate" means to
duplicate the essence of the, systeiior activity without actually
attaining reality itself. In the broadest sense, any applied
.mathematics or analytic formulation of a problem is a simulation;
however, analytical treatment is normally excluded from the mean-
ing of the term "simulations,.

15. The Most traditional use of simulation has been in the engi-
heerin&sciences, where analogue, simulation devices have long been
used'for scie4ificpredictim of systei performance (hydraulics,
electrical network). Largei-scale digiihl simulations came into
useAt the endof the 1950's in various types of military studies
but have since then teen applied in many different operations
research fields. A rbason-for applying simulationsdp to avoid
analytical difficdlties. G.W. Morgenthaler(1) has discussed spme "i`

other reasons:

- The task of laying out and operating a simulation of a
process is a good way to systematically gather the perti--
nsntdata about the ptocess. It makes necessary a broad
education in the process or operation being simulated, on
the part of all who participate seriously in the simulation.

- Simulation of a'complex operation may povide an indication
of which variables are important and how they relate.

- Simulationslare sometimes valuable in that they afford
convenient way of .breaking down a complicated system into
subsystems, each of which may then be modelled by. an
analyst or team which is,expei-t in that area.

- Understanding gained-through simulation May enable human
judgement to intuit a good solution..

- Simulation gives a control over time. In fact, it is a
way of incorporating time into an analysis of an essen-
tially dynamic situation.

It2. CHOICE OF MODEL

.2.1 Systems Characteristics

16. When designing a model the characteristics taken into account
are chosen with regard to the problem area for which the model
should be used. From this one could concluderthat the question is
not so much one of chQosj.ng a model; but rather of specifying the.
characteristics of the process which should be taken into account
and defining the relationships betWeen\available dataand the
quantities to be deterthined. The set of relationships thus obtained

(1) G.W. Morgenthaler: "The Theory and Application of Simulation
in Operations Research", Progress in Operations Research,
V01.I., ed. Russel L. Ackoff.

- 20 -'
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then constitutes the model which should be used. There are, how-
ever.,-other aspects relevant to the choice of method or model.
This will, be discussed below.

2.2 Sub-problems

1'].' It is usually not a matter of designing a model for one
, specific. problem. There may be a set of present and future problems

of.similar charaCter for which the same model can be used. It is
. also usually 'advantageous to analyse the problem carefully and try

to break it down into'sub-problems, which may then be dealt with
separately by using different approaches.

2. , Abplication or develptient of a model?"

18. A common'approach into apply existing methods or models
rather than de/elop new ones. Obviously, this saves time and en-
ables the uee'of personnel with less advanced methodological know-
ledge. There are; hotiever, some well-known.disadvantages. The
choice of iodelmay depend mare.= what kind of models the analyst
is-familiar with thAn,on the characteristics of the system or pro-
cess which'should be'taken into account. It maylalso happen that
no existing model is convenient (or the problem at hand. Even if
a new model is developed the knowledge of the analyst may cause
biasedkresults. The specialist on probability theory will tend to
over-emphasise random elements in the process, the specialist on
linear programming will try to squeeze it All into a lihear pro-
gramming model, etc.

_
.

19. Simulation model is a general notation for a very wide cate-
goryiof models, Nthich may contain any type of mathematical rela-
tionships. When faced with a new type of problem or process it is
thus usually hot a matter of looking for an existing simulation
model,to-appli;; but to develop a new one when needed. This may be
time-consuming but has the advintage of forcing the analyst to
try to it the model to the problem and not the problem to a fixed
model.

. 2.4 - Or-simulation model?

2a. If 'a problem can.be formulated analytically, for instance as
.an optimisation problem, this is usually preferable to a simulation
model as the influence of various factors oA the result is.expli-
citly described. Analytical treatment is more likely to be feasible
when the probAm concerns:

part of the system rather an le entire system;

- one objective rather than multiple objectives;

- the efficiency of an existing system rather than the
future development of a system. ;

A
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21. Even when, it is a-mat,er pursuing multiple objectives it
_may be possible:to fo :t: the problem analytically if the
preference function for : different objettives is kdown Imfore--.
hand explicitly. This.J. however, uSually'not the case. It is
often only when the po cY-makers are presented with information
on the eztenfto which'various policy alternatives influence the
achievement of the objectives that they own specify their prefer,
ences. In this context simulation models may be useful for con-
sequential analysescf,the implications of various policies.

F2.5' Deterministic or Stochastic Model?

22..The deyelopment.of the educations], system contains certain
stochastic features such as the choices of the individual'pupils
or students of branch of study and, occupation or profession.'The
fact that these "choices" often turn out to differ between schools
and regions is, however, mainly due to inhomogeneity in the Com-
pared students groups (e.g. due to different socio- economio back-
ground) and not an expression for the statistical didtribution
of the outcome of a random process. Forlorecasting purposes it
is, therefore,. usually more important, laxticularly in longLterm
Planning, to use models that take this idhamogeneity into account
than to include stochastic Iariations. The .flow of students within
or out from the educational system is usually described by transi-
tion coefficients that denote the ratio of stUaents who repeat;
drop-out or .continue to different branches of study. To delete.
stochastic variations in the sense mentioned above does not mean
that these transition coefficients are assumed equal to 1, but
that the stochastic variations of the outcome around these ratios
are not taken into account.

r
*2.6 Treatment of. Uncertainty

4

23. A basic feature in long-range plprnirg is uncertainty. This
does not mean that long-range p/anning cannot be carried out but
that uncertainty has to be taken into account explicitly in the
planning process. Procedures for such explicit consideration of
uncertainty are, for example the use of rolling clans, nensitiv-
AtY alAlarsie and goitumgz/p2magaz..

24. :!ling plans means that the plans are updated at regular time
inter s and the 9":inning horizon extended Bo that the plan con-
tinues to cover the same number of years. A four -year plan, for
instance is usually rolled each year while a ten-year or fifteen-
year plan may be rolled less often. The use of rolling slaw makes
it possible to take new information about the system into account
regUlarly.

25: Sensitivitv'analve4s means an analysis of how the result
depends on some parameters. These are varied within the range of
uncertainty andthe result is calculated for parameter.valuss
within this range or for the minimum and maximum value of the
parameter. Sensitivity analyses are sometimes carried out prior
to the final data collection. If the result is not sensitive to
the parameter in question, less effort is required for4the
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determination of this parameter. If, on the otheer hand, the
,result is sensitive to the inveatigated parameter variations,
there are two possibilities. Either larger effort in the para=..
meter determination will acceptably reduce the influence of
remaining uncertainty on the result, or the uncertainty is -4 -

"genuine". Such.genuine'uncertainty may, for instance, concern the
future environment of the system or the choice of objectives or
meastreof effectiveness.

, .

26. Contingency planning is an approach to the; treatment of
genuine uncertaintyl, In contingency planning the ranking of the
alternatives to be compared and evaluated are calculated, for
different "contingencies" and an alternative is sought which has
a high ranking for all relevgat contingencies without being,necess-
arily optimal in any case. This may be accomplished by some kind
of mix of the originalalternatives or by. the design of a new
alternative. Generally speaking, the contingency planning approach,
puts the emphasis on flexible and adaptable solution's, that is tkte
selection of solutions which will be fairly efficient, perhaps
after later adaption, for a variety of actual outcomes of the
certain parameters.

27. Some examples of genuirie uncertainty in educational long-range
planning can be given.

'28. The number of school-age children in the country as atwhole
and in,various regions can never be forecasted exactly bedause of
migrations and uncertain estimates'of future birthriatesThis
type of uncertainty 'can to some extent be taken into account by
adaptability, for instance by building schools which, for a
relatively small additional cost can be re-atranged or enlarged
so as to fit changes in the number dt students or in the subject
taught.

29. Educational objectives and priorities between them differ
between countries but most tountries consider it of some impor-
tanoathat the educational sySttedb should "produce" enough quali ied
manpower to meet the requirements of the development of the eco omy.
The development of various economic sectors and the correspond
educational profile can, however, never be accurately forecast
because of innovations changing the production process, uncert In-.
ties concerning the development of foreign trade, etc. Both fl xi-
bility and adaptability of the educational system are ofimpo
tanott to meet the lack of accurate forecasts of future manpower
requirements. Iitcreased adaptability may be obtained by reducing
the time between the student's choice7of more speaidlised_general
or vocational training and the time of entry in the labour force.
This will create a quicker response to changes in manpower
requirements. It may*also be important to increase the flexibility
of the educational system by making specialist education more
general and adequate for wider occupational areas.

30. The need for dealing explicitly with uncertainty in longrrange
planning has some consequences which may influence the choice of .

model. The use of sensitivity analysis and rolling plans requires _

the same type of calculations to becarried out repeatedly. This/has to be considered when choosing between a manual model and a

4
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computer model and may actually sometimes be the,decisive cause'
for computerising a model. Sensitivity analyses can be consider-
ably facilitated (less preparation of inputs, savings in computer
tame, etc.) if the computer programme is specially designed for
variations of parameters. This, boweooer, requires that the para-
meters to be varied are known before the programming.nhe obvious
way to facilitate sensitivity analyses is, of course, to insert
loops in the computer programme. Eow.this is Aone may, however,
sometimes be crucial. If part of the calculations in the programme
are untouched by the parameter to'be varied, this part canbe left
outside the, loops and only roalhrough once before its results and
the uncertainty alternatives are combined..This approach is of
specific importance in Monte Carlo simulations as they often have
to be repeated a large number of limes for statistical reliability.
Here considerable gains in computer, time can be obtained bpqn-
seDoting the parameter variations inside the "Monte Carlo" loop.
'(This is a variance reducing metkind. termed "correlated ampling ".)

31. Contingency planning puts.the'em?hasis on flexibility and
adaptability. A smooth-development of the educatio system in
accordance with educational objectives and the gen ral development
of society usually requires changes in scale (e lments, etc.)
to be, combined with structural changes. Such complex changes can
more easily,be incorporated in a'simulation model than in an analy-
tic model.

2.7 Qualitative or Quantitative Analysis

32. Long-range planning usually involves considerations that can-
not be handled quantitatively. This fact has sometimes been used
as an argument against all uses of quantitative analysis. The
usual answer to this is that qUantitative analysis serves to
translate relevant quantitative information in a form more useful
to the decision-maker who therefore can integrate more easily the
intangible factors with the quantitative part of the problem when
he forms his decisions. It is, however, not only the final evalu-
ation that involves qualitative factors.

. . .

_433. Educational objectives can usually not be directly defined in
opantitative terms tholkih it maybe fibpsible to use quantitative
measur ?s of effectiveness for certain planning problems, especially
in short-term planning.;lhe number of enrolments in various branches
of the educational system and the-number of graduates are examples
of such quantitative Measures_of-effectiveness that in some cases

. .. may be relevant. As responsibiaities and decision-making power
w. are divided between central and4ocal levels and the students
- themselves have a considerableireedom of choice, the implementa-

tion of a reform may often involve difficulties that have to be
taken into account when different solutions are analysed. This

. may haira, as a consequence that not directly quantifiable elements
must be taken into consideratiOn,even in an inquiry for which it
has _been possible to define a Quaititative measure of effectiveness.

34. Operational educational objeCtives need not necessarily be
expressed in quantitative terms 3s a minimum requirement, however,
they should be so specified that a ranking between alternative

-
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-solutions is possible. Such a specification may not be feasible'
a priori but may result from the formulation of alternatives and
a feed-back of their evaluation to the setting of objectives.
Here iterations involving the formulation of new alternatives may
be necessary.

35. The design of different educational alternatives to be evalua-
te). may involve studies bf changes in curricula, acceptance rules,
financial'incentives, creation of new branches, .etc. Ponsequential
analyses of the future implications of the alternatives may give
ideas concerning the formulation of new alternatives. Educational
long-range planning can thus be considered an iterative feed-back
process which in each iteration may require innovations and both
qualitative and quantitatiNe considerations. An inter-disciplinary
approach with a close 'co-operation between "qualitative" and
"quantitative" analysts may therefore be essential. This co-opera-

, tion may be easier to establish when simulation models are used,
as. they break down complicated situations into a beries of simple
interactions. The language of a simulation is closer to/our
ordinary language and thus more easily understandable to people
without an advanced quantitative background than the language of
a mathematical analysis.

3. SIMULATION MODELS IN EDUCATIOLIAL PLANNING

36. SimiAption models may bp appropriate whenever it is a matter
of studying the development of a system over time. In'educationf
this i the case when one wants to estimate the future number of
students and graduates in! various branches from knowledge about
the state of the present system andchange mechanisms. Student
flow models have therefore in a number of countries been developed
in the form of simulation models.(1) Both Monte Carlo and deter-,

ministic simulation models have been developed. With some simpli-
fying assumptphs the model-may be reduced to anal*icl form.
When features such as restricted entry branches, transition co-
efficients that change over time, etc. are taken into account,
the outcome is.no longer directly expressable in analytic Lorm
and it becomes necessary to use a simulation model. For a aetailed
description of the educational system (many different branches
and typ6s of schools) a computer model should be more convenient
than a manual model.

37. Here we will'use'"BOM"(2) as a reference model for further
discussions about educational simulation models.

38. With the terminology introduced above., SOM' can be said to be
a time-step deterministic computer simulation model. It simulates

(1) Part II of "Mathematical Models in Educational Planning",
OECD, Paris, 1967.

(2) "SOM. A Simulation Model of the Educational System" Technical
Re-ort OECD, CERI, Paris, 1970:

6 Ir0;
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the flow Of students through the educational system and makes
conditional forecasts for-aPfuture period of time of educational
output and teacher supply as well as educational resource require-
ments, i.e. teacher demand, building space requirements and edu-
catioil expenditures. The estimates are made for eaoh year of a
futiof period of time, that is the basic time-step unit is one
year.

39. SOM does not Calculate future manpower requirements, nor does
it calculate the return of investments in education. As it does,
estimate future educational d'utflbW and educational cost, it pro-
vides some of the data needed for comparisons between supply and
demand of qualified manpower, as well as'data needed for rate of
return analyses. SOM is mainly a tool for sensitivity analysis
and consequential analysis. The outpUt data do not directly present
a solution to the problem under study, but should rather be seen
as information` which has to be further evaluated.

40. The limitations of SOM seem to be typical for a Simulation
model. As it does not include all quantitative aspects of poten-
tial importance for,educational-plarning problems it does not
substitute other types of models but should be seen as a comple-
ment. Nor does it substitute qualitative analyses but may serve
ad a framework for such analyses. .0n the other hand, SOM has
certain advantages which.are typical for simulation models, com-
pare the quotations above of Morgenthaler (pags20).

1 ,

4. IMPROVEMENT8 IN EDUCATIONAL. PLANNING

41. As the purpose of this paper was to evaluate the use of simu-
lation models, as compared to other models, in educational plan-
ning, the presentation may have givert a biased impression as to
what improvements in educational planning are the most important
ones. Reforms of -Ulf planning process and the planning organisa-
tion to enable the performance of planning Iroaily conceived may
be of prime importance. The planning function must be fully inte-
grated in the decision-making process. Models start becoming use-
ful in practice only when certain minimum' environmental require-
ments are fulfilled. Such requirements concern, for example,
information channels,co-ordithtion between responsibilities and
decision-making and implementation power, availability of trained
analysts in or closely attached to planning units with executive
power, etc.

$
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I. INTRODUCTION

1. It is assumed in this paper that the principal features of the SOM
Simulation Model are known to the reader. Let us merely point out that
the model is neutral as regards educational objectives and that it is
capable of simulating all or part of the educational sym with a
descriptive unit ranging from one year of study to a full eduCationaI
cycle. In'addition, we should define what is meant by an "option" model.
This term in fact covers two quite distinameanings,'namely:

- Owing to its structural flexibility, SOM can be adapted to
the problems studied and the available input data. There is
hence a r4al choice between the configurations of the yarious
input data needssi for the model).

- A choice between the various possible Configurations for
SOM. The diagrams on page depict these various configura-
tions.

These diagrams are by no means exhaustive but combinations
2-3, 2-4, 3-4 and 3-5 cover the set of alternatives.

'2. It is'not the intention in the following sections to give all the
possible applications of the model, since there is, infact, a specific',
application for each-problem. We have, therefore, confined ourselves
to the field of potential applications without illustrating the report
with real examples. Moreover, the variables defin/ng the SOM structure
are known to be mostly exogenous, and calculation of their values and
future development raises serioustheoreticV. and methodological pro-
blems (and sometimes policy problems) which must be solved-before em-
barking on any one of.the applications mentioned belolf.

3. The following sections divide the field of applica't i of SOM into
two: first, the "sectoral" applications, which analyse fall or part Of
the educational system in-order to reply to specific questions and
second, the "global" applications which are directly incorporated in
the planning process'.

II. SECTORAI ONS

II.1 Forecasting Top.

4. T149 set of submodels that make up SOM can easily be considered
as aorecasting tool; Its use can be-confined to the Student'
'FloqiNsubmodel alone if we wish to forecast future student cohorts.
These fdrecasts can only be made' on the basis of a well-defined
body of asSUmptions.

-31-
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5. These assumptions reflect the development" of the p#rameters
of themodel for the whole si4llat,ion period. The development
of the transition coefficients', drop-out rates and grgi4lation
rates can be constructed either from observed past series or by
det4rmining two limiting Curvesbehteen which lies the true,
unknown development of the parameter. The first apprOaCh leads
to spot forecasts and the second tp confidence intervals for

. future student stocks, since the initial assumptions are:-too
restricting to justify acceptance of a series of valuei'for
stocks ignoring the relevant degree of uncertainty. -'

6. The smile remarks also aipbr if we wish to ascertain the re-
sources requirements and the number of avaikable teachers for
the simul3tion period. 0

7. There are also parameters slich'aVhe numberof plaeee avail-
able for each year 'in. a restricted 't, which depend on the
inertia of the system and the palriloal decision to widen or,
narrow the restriction. In ignoranC.e.of future poltcy,two kinds
of approach may be adopted:

,
- One takes an "a-priori"'position, introducing two

. limiting sequences for the number of available places
in each restricted unit, -4.n order to get an_upper aria'
lower limit for the true policy. '

- "a posteriori" position,4irst constructing --a reference
solution in which restricted units are eliminated;
future policy "is then envisaged in the knowledge of
the sequence of the number of places desired'Ior each
restricted unit.

8. For completeness, we must also mention the possibility of
constructing "what-if" type forecasts. For instance, wioat will
be the development of the educational system if a partieu1ar
structural change is undertaken.(1) 1 -

11.2 .Programme Budgeting'Tool

9. One of the advantages of the Resources Submodel Is that it
can group costs by programme. A programme may consist o'f a vast
aggregate such as secondary education, or a more specifically-
defined 'institution such as schools for handicapped children. A
programme for the model is a block of units. Each programme'is
defined by its maintenance and capital costs, the latter related
to the base year of the simulation period.(2)

(l),"SOM Application Study - The. Case of France",'CERI/EG/pM/70.06.

(2) "SOM - A Simulation Mpdel of'the Educktional System", CFRI/OECD
Technical Report,'Paris 1970, pp.53,54.

- 32 -
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9

10. More detailed knowledge of these budgets can be obtained by
analysing-the various expenditures for each of the units forming
the programme. This possibility is of unquestionable interest
when attempting td analyse how part' 6t the system responds to .

experimental conditions, such as a reduction,in class siZet
installation of audio- visual aids, etc. This type of analysis
implies two working stages:

. .

(i) construction of a reference alternative;

(ii) construction of a second alternative in which the
new equipment or. environmental standards are applied,
,showing the programme's impact on costs;

'(iii) or, construction of a second alternative which takes
'account, by means-of an analysis external to the model,
of changes in student behaviour (transition coefficients,
etc.), corresponding to these programmes and, the modi-
fications introduced in (ii) above.

11. These methods of analysis do not eliminate one of the main
weaknesses of Sly simulation model, namely, the lack of any
explicit feedback mechanism. Trafibition coefficients in our
problem depend on social-, educational and economic variables.
However, if these relationships havg beeh:known and taken into
account explicitly in the model, it would have been constrained
to a certain. rigidity, and we think that it is more'fleiible tp
pravide'feedbaoic mechanisms through a saciometvta analysis
external to the model.

12. The variation of the budget compared to the reference alter-
native 'will show the real cost of implementing_a.neW method of
education. It is also possible to analyse the relative weight
of this budget compared to programmes corresponding to a set of
comparable educational units.

41.3 Exploratory Tool - Sensitivitv*AhAlysis.

13. Sensitivity analysis is the procedure whereby variation in.
the outputs of the system can be measured when one of its para-

. meters is-caused to vary. For instance, for the flow submodel,
the amplitude of the response will have to be observed over the
whole of the periods following the excursion in the chosen pars-

" meter and compared against a reference alternative. The outputs
whOse value has changed will represent the sensitivity field for
this parameter.

40.

14. It. is then natural to rank the parameters with the same
sensitivity field, and those which'provoke the highest response
for a given variation are called "critical"s To the extent that
these parame,ters can be explained by means of yariables'accessi-
ble to decision:- making the septtration cof the critical para-
meters will enable spe is changes to be introduced into-the
development of the edu tional system.

4 -34-
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15. The samejlbproach is implicitly used by the Teacher Supply
model, Where the parameters defining the inflow of new teachers
may vary within certaivlimits. The model oeloalates the varia-

*tions in the stock of available teachers asa result of separate
or simultaneous variations in the parameters.(1) The computer
_programme thus seeks to-scan the possible variations in the num-
ber of available teachers.according,to the values of the "decision"
parameters (rate of -"Bum:less") and.the values of parameters
involving a certain degree of unoertainty (rate of "choice").

III. GDOWAPilIOATION8

pApning TOo1

16. Much more generally, one can demonstrate how the model can
be used in the planning process. The following diagram locates-

- the model at the level of "Evaluation of different strategies".

Figure 2

s-

Definition of objectives

Differentiaticn, Priority order

Oefinitica of alterative strategies :

exclusive 'strategies 7,

4;omplementary strategies/ -

Evaluation of the response

of the real system

Evaluation of different strtalies

laplesentatIciol the peferrod strategy
4

1

17. The-above diagram situates the use of a model at stage 3,
but feedbacks to stages 1 and 2 are needed if the evaluation of
the different strategies is to be a true pre-decision stage. It
is then clear that use of SOM in the plArning process is no
loager,agatter merely for technicians, but should include a
number of-iterations between technicians and policy-makers.

4 Ufa Strategies for the Model,
,-

18. Astrategy consists of the sequence of application of a set
of decisions in order to achieve predete d objectives. We
must,-therefore, study how the structure 80M can be used to

(1) OD.oit. p.5., p.76.

35-=.
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4

simulate a strategy and in particular, what strategies are pos-
aaa.e The strategies which will be discussed below are ones which
can be simulated by the model. The requisite methodology for any
strategy can already be, described.

*

19;.Firstly, the educational system is simulated for the horizon
selected on constant structure assumptions and/or transitions at
the same rate displayed by past trends, thus building a reference
alternative.'It Elhould be noted in the first place that SOM

. contains a number of "implicit" strategies, e.g. alternatives
for the number of available teachers in the "Supply" aubmodel
and short-term balancing strategiet:k used by the Teacher.Compari-
son submcdel. We shall start with a descriptioh of the "explicit",
exogenous strategies of SOM.

1. Ex licit Strategies

20. There are pr.actical adv tages in defining a strategy as a
combination of "pure" strata ies of known definition.(1) For the
sake of clarity, we can separate pure strategies into two groups
quantitative andand qualitative strategies - though we are well
aware that this distinction is sometimes fictitious.

(a) titative strategies

21. The are known as quantitative because they result in a
modification of)the number or distribution of students, teachers,
or other resources in the educational system.

le- Action on a transition coefficient assimilated to a
decisioi ,variable.

This typd of strategy equates in reality to a.sensi-
tivity analysis for the model giving the relative
weight of a particular transition coefficient on the
development of stocks during the emulation period.

2. Action on the sequence of available places in a
restricted entry unit.

The respohse of the system to this type of action
indicates the period when the restricted unit will
cease to exist and the Change in the distribution of
students between the various branches below the
restricted unit.

Change in the socio-economic distribution of students
within a branch Or a grade (unit).

The model can easily simulate the implications of this
type of strategy which may, for instance, correspond
to the objective of democratisation through "Equalisation
of Educational Opportunities". Were such a strategy to.
be implemented, it would result in a variation'of the
transition coefficients by socio - economic. group And would

(1) In the Games Theory sense.

- 36 -
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-presuppose the implementation of a policy of scholarships
or grants, a change in staffing standards and a complete
overhaul of the curricula (for instance, individualised
'study programmes).

4. Changing the number of available teachers by acting on
- the retirement Ages

This strategy could easily be applied if it is a question
of reducing retirement age; the reverse strategy would
bertainly raise more problems.

22.Ye must stress that these pUre strategies are, in fact,
assumption tests corresponding to the likely response of the
Structure of the educational system when the strategy is applied.

(b) Qualitative strategies'

23. These "qualitative" strategies mainly affect what are con-
ventj.onally called staffing standards and educational content,
these terms being limited to their measurable component.

1. Change in curricula {duration and content) in a,given
unit; When confined to the model, this strategy is assumed
to have no effect on drop-out rates or transition coeffi-
cients for the relevant ullit; as this is not the case for
a real strategy, this strategy must be combined with an
(a) type strategy. Its outcome is measured by the varia-)

-tion in the.aurrent expenditures for the unit, represent-
ing the cost of implementation.

2. Change in class-size. The number of students in a class-
' rook is an input of the Resource Submodel and governs the

student/teacher ratio. The consequenoes will be reflected
in the number of teachers needed and capital expenditure,
the scope -of which will be measured by comparison with a
refere ce alternatiVe.-The model contains the implicit
assume On that this change in the student/teacher ratio
has no Affect on the output of the educational system,
since transition coefficients and drop-out rates.for the
units considered are completely exogenous parameters.

3. Change in the required teaching qualifications. This
strategy may correspond either to a shortage of teachers
tith certain qualifications, or to a desire to improve
the quality of teaching by raising the level of qualifi-
cations required. It should nevertheless be noted that
the reverse strategy is more common; pressure of demand

i generally leads to the recruitment of teachers who are
under-qualified by current standards. In any, case, the

,

outcome is a new distribution of the teachers needed in
accordance with the various qualifications. The results
could be tested by analysing to what degree they fit the
number of available teachers for each qualification.

'r
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2. Implicit Strategies

24. For completeness, let us recall that the Teacher Supply and
Teacher Comparison submodels include.implicit strategies.

1. Change in the inflow of new tea tiers coming from the
educational system. This strategy can be applied by
using two different policies:

(a) Changing the passing rules for teaching diplomas.
This policy is fairly easy to simulate, since it
can be applied without inertia by acting.on the
rate of "success" parameters.(l)

(b) Changing teachers' salaries. This type of strategy
can be constructed, but it requires preliminary
studies to describe the functional relationship
between the marginal variation in salaries and the
variation in the rate of "choice" parameter.(1)
Furthermore, this type of policy has a response
time which must be evaluated before the strategy
can be simulated.

. -

2. Short-term balancing strategies between the "demand" for
teachers -and the "supply" of teachers. This strategy in
fact simulates the probable response of the educational
system to a state of imbalance between teacher supply
and demand. Two possible approaches are programmed:

s.

(a)',The""demand" approach

Assuming that the available teacher stock remains
constant;" this consists of changing-the school
parameters (or standards) to adjust deMand to supply.
The comparison submodel uses two "decision" variables:
class-size and the weekly teaching load. Naturally,
the variation of each variable is bounded.

(b) The 'supply" approach

This equates to using the alternatives in the number
.,o2 available teachers generated by the supply sub-
model. The rate of "success" parameter is considered
accessible to policy decisions (see above). Also,
the rate of choice parameter is assumed to vary
'between two limits expressing_the uncertainty of the
evaluation. The strategies for each teacher category
are c ed respectively the "more graduates strategy"
and a "less graduates strategy".

(1) The rate of "choice" is the proportion of graduates in a
given category who choose teaching.

The rate of "success" translates the proportion of graduates
from a given unit belonging to a given category.

-38-
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IV. CONCLUSIONS

25. The foregoing is an attempt to describe the potential
applications of SON. It should, hoWever, be stated that the
builders of the model are fully aware of the limitations inher-
ent in simulation techniques, namelg the absence of optimisation
procedure, and in particular, the lack of feedliacks.(i) Neverthe-
less, they are convinced that thanks to its flexibility of use,
SOM is a necessary step towards the elaboration of a more rationaL
decision - making process.

(1) See Control Theory ("SON.and Control Theory"), by Paul Alper,
Reference Cali/SG/DM/70.02.

- 39 -
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A,S.O.M. APPLICATION STUDY: DEVELOPMENT OF
SECONDARY STUDENT STOCKS BY SOCIAL ORIGIN -
THE CASE OF FRANCE FROM 1966/67 TO 1975/76

I. DESCRIPTION OF THE STUDY

The purpose bfthe study is to elucidate the functioning of the
educational system alloWing for the social origin variable which almost
never features in official statistics but which has been shown by many
surveys or studies to be an important factor governing the progress of
students through the system and their chances of access to higher
education.

OnCe the necessary data base has been bUilt, the SOM(1) calculates
the development of secondary education up to 1975/76.

For each year of the simulation period, the "Flow" and "Direct
Resources" submodels give stocks by social origin, teacher requirements
(regardless of category), staff costs, other current expenditure and
investment requirements. These forecasts are available for all units 4
(or classes) in secondary education.

Use of the simulation option model (SOM) has been deliberately
confined to two of its submodels. Higher education is not described in
the present study, and the use of the "Teacher Supply" and "Teacher
Comparison" submodels(2) is not appropriate.

After concise,comments on the development of the student stocks
and resource requirements in secondary education, the study will en-
deavour to measure the development of the level of participation of
each social group and to assess the share of resources available to

(1) SOIL = Simulation Option Model, which is comprehensively described
in OECD-CERI 1970' publication "SOM - A Simulation Model of the
EdUcational System. ",

(2) These two submodels respectively describe:

- the variation in the number of available teachers in each period,
by training or professional grade;

- structural imbalances between teacher supply and demand in each
category, with analysis in each period of simple balancing
"policies".

- 4 5 -
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them. It.should be noted that'the distribution of resources among the
various groups must be calculated for secondary education as.a whole
(or for well-defined parts), since the distribution of expenditure per .

group is proportionate to the participation level in each unit. This
t initial study will serve as a reference for an alternative development

of the secondary system which will take account of the structural
changes that are to occur during the simulation period. The Vth Plan
provides for the phasing-out of the primary terminal classes and the
three-year short vocational course (in 1972/73 and 1974/75 respectively),
thus creating a common core for all students up to the "3e" (fourth
year of secondary studies).

These two alternatives will subsequently be designated as follows:

Alternative A - .corresponding to a structure that remains constant
over time and assuming constant transition
coefficients;

Alternative_B - corresponding to the implementation of the reform
mentioned above..The assumptions concerning the
variation of the transition coefficients for the
classes to be phased out are given in Part

It seems interesting to measure the variations in stocks and
resources provoked by the implementation of these structural changes.
Moreover,' the influence of such changes on equality of opportunity in
the socio-economic groups should be meabured. One can try to ascertain
whether there has been any improvement in the situation described in
the reference alternative. The first point is therefore to define a
yardstick for equality of opportunity. 4ithout going into lengthy
discussion to define what is meant by the concept of "equality of
opportunity", let us simply say that a system is all the more "egali-
tarian" the more closely it approximates to the structure of the active
population at all levels (that is to say, a system with small differ-
ences between the levels of participation of the socio-economic, groups
is more egalitarian than one with larger differences). For this purpose,
the only data available are the levels of participation by social group
for all secondary education classes, an the structure of the active
population. A_general coefficient can be formulated from the sum of the
squares of the deviations from the structure of the active population,
which we propose to term the%"disparity"*coefficient.

.D15
2 .

E = E E L7Pj.(1)Ir m'_7

i=1 j=1

where: p (i) = level of participatioil of groifp j in unit i, and

mj = prbportiori of active population in group j.

This coefficient should be conaider*d as an approximation (through
lack of information) of a more representative coefficient that. could
be expressed aelfollows:

-46 -3c,
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E (DA 0.)
a,i,j

pa (i) = proportion of students of age a in'unit i
belonging to social group j

ma = proportion of population of 'age a belonging
to social group j

1/

A completely "egalitarian" system wp result in S = 0, do-the
best system, in terms of our definition, of a given moment is thg one
with the lowest value of E. Naturally, muchlbaution must be exercised
in interpreting this measure, which reflects only relative differences
in participation. For example, a system in which only 10 per cent of
children were attending schopl and where E = 0 would be considered more
egalitarian than'a system covering 90 per cent of children but where
E>0.

The participation levels of the various social groups can be used
to measure how nesouree's are distributed among thesegroups. Assnming
that the distribution is proportional to the level of participation of
each group in each unit, we then have the following expressions for
staff costs and other current expenditures:

-

Ep.(1)'w(.1)
j

j

where w(i) = Staff costs for unit i

EP4(i) C(1)
i

)8j := E C(i)
i

where C(i) = Other cthrent costs for unit i.

These coefficients are formulated for each year. A distribution
coefficient for total current costs could be defined .n the same way,
but it would closely approximate to aj since w(i) > C(i) for all units.
By comparing these coefficients with the overall levelof participation
for the system as a whole, we can see, for instance, whether the least
favoured social group is not aubjectedto additional. segregation in
respect of its resource utilisation.
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As regards intestment, the development will reflect the efforts
needed to carry out the structural reform.

II. DESCRIPTION OF INPUT DATA

The simulated part.of the educational system consists of the last
years of primary education, namely CM2 (2nd year intermediate course)
and "Fin d'Etudes" (terminal primary), short vocational education given
by the "CET's" (Colleges of Technical Education) in two-year or three-
year courses, and secondary edudation proper, at the "CBS's" (Colleges '
of Secondary Education), "CEG's" (Colleges of &eneral Education) and
lycees (see graph 2.1).

The study by A. Girard and H. Bastide(1) has enabled us to break.
down the school population into three maj6r groups displaying relatively
ctiherent behaviour, i.e. the progression of the socio-occupational
categories belonging to a given social group is at much the same rate
(see following table).

/-

1

(1) A.Girard and H. Bastide: "Orientation et selection scolaires.
Cinq annees dune promotion de la fin du cycle elementaire
l'entree du second cycle elementaire du 2eme-degre". (School
Guidance and Selection.gFive years of transition from-the end
of the primary cycle to the beginning of the second cycle of
the second level). Population, 1969, No's 1 and 2.
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II.1 Flow Submodel

New enrolments

Each year, the simulated educational system receives.new
pupils entering the CM2 classes from the primary education. Thk
calculation of these new entrants calls for a number of data on
which assumptions have been made.

The population forecasts, which give the n ers of children
of CM2 entry age (age from 9 to 13 (1)), must be nverted intoxp.
CN2 inflow by applying the participation coeffi cents for each
age group. These coefficients have been calculated from the CM2
age distribution observed in 1967-1968 (2), which is assumed to
be constant throughout the period studied. In, the breakdown by
social origin, it is assumed that the structure is the same as
that of the active population, thus depicting a non-discriminatory
primary education.

Base year stocks

The stocks for each unit were obtained from the statistics a

fof the 1966-67 school year. The pupils were broken down 'by social
origin, assuming the same distribution as that observed in-the
Girard-Bastide study; this is a very high assumption, since a
normal class stock, comprises several cohorts whoeessocial origins
can differ quite appreciably from the observations' used (see
ble 2.11).

TDadtition matrix

. , In order to describe the Student flow in each.period, one_
must know the matrix of the transition coefficients fo the
various units of the system..First, we shall describe the ideal
input data for correct evaluation. The stocks data should be
supplemented by the following two dependpnt variables:

(a) school on -gin;

(b) social origin; these three-dimension tables must cover
several years to determine the probable transition
coefficient pattern over the simulation period.

If the study is confined to testing assumptions about the
structure observed for the base year, the statistics needed relate
only to the base year and the following one. Existing statistics,
however, fall well short of such dessiptive precidion: though
data on stock are sound, data on the scholastic and social origins
of the pupils are available only for certain classes and are
invariably produced independently.

(1) Source: INUE working paper from the 'population and Families"
aepartment (not published).

(2) Education statistics 4-2 (67/68). ,
Breakdowtl'of pre-primary._and primary

41
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1'

We have had to refer to the Girard-Bastide ,study which t
followed a representative sample of CM2 pupils forfive years,
starting in 1962 (1). From this cohort study, the transition,_
coefficients forfthe differentsocio-economic groups can be
calculated, but these values are not the ones-desired, since'
they represent the transition coefficients of students who have,
never repeated.-Moreover, the calculatted values are all,the more
biased when the original stock is small (which is the case for
the final years covered by the studs -' "3e" and 2e"). Consequently,
the coefficients calculated do not form the transition matrix
sought, but only enable us to evaluate the relative differences
in t6 progress of the socio-economic groups studied.

By using the 1967 and 1968 (2) statistics whenever inform-
ation on the scholastic origin of the pupila'was available_(3),
it was possible'to calculate overall transition coefficients and
then break,them down into transition coefficients by socio-
occupational group by using the-relatilie progressidn differences
for each group. t

. .

Where therewas no information available on the scholastic
origin of the pupils, the transition coefficients estimated from
the cohort study were adjupted (maintaining the same pattern of
relative progression) to generate the stocks Observed in 1968
from those of 1967.

In the absence of information (description of the two types
of CET and terminal classes of the secondary second cycle, we
assumed the same rate of progresS for each of the three groups. .

The following is the value of/the transition matrix for the
two alternatives'

Alternative A: The transition matrix remains constant throughout
the simulation period. See Table 2.111.

Alternative B: The value.of the transition thatrix varies with
time. There is a linear variation, within'the time intervals
set by the Vth Plane in the transition coefficients for the
classes which are to be eliminated (CET three-year course and
primary.terminal classes). See Table 2.IV.

(1) Op.cit., p.50

(2) Informations statistiques du Minletere de l'Education
Natiorole - No's-101, 107.

(3) Origine scolaire des eleves de l'enseignement public du
second degre, 1967-1968. (Scholastic origin of pupils in
second-level public education).
Note,d'information No.11, Ministere de l'Education Nationale.

- 51 -
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11.2 Direct Resource Submodel

32/

Input data, evaluated frOm various sources and under the
following assumptions, were needed for the caleulation of resource
requirements. Let As first of all recall thit the submodel calcu-
lates staff costs, other current costs and investment requirements
for each year.

It lias been assumed in this Study that expenditures for each
unit were strictly proportidnal to,the number of students in the
unit. This assumption is relatively sound for currenk staff costs,
but is less so forother,Current costs such as maintenance coats,
which are more directly linked to the size of capital stock (space
and equipment).

The investment *calculation is based on the assumption that
capital stock relates to requirements-for the base year. As cal-
culation of resource requ :ments is proportional.to the stocks,
calculated investment by of units (representing a cycle of
education) will therefare :trictly proportional to the increase
in students' stock for thi/ ock, and where these are decreasing,
investment will be assumed to he zero.

The required input datawas hunt in two stages.

'The various statistical sources generated the costs:per
student for the staff, maintenance and building cost headings.
These costs per student were then converted into input data for.
the model using parameters, the majority of which were set in the .

absence of relevant information.

Costs per Student reflecting staff expenditures were converted
into average salary per teacher, thereby implying all expenditure
engendered by the teaching function alone, and defining only one
type of teacher for each education cycle. Building' costs per
student were converted into costs per square meter usingthe
following idpntity.for the base year:

CAP
i

= c so
i

= 'C n
o

ci =

C

so
;

where c
i r-7'

cost per square meter for block of units i

C = cost'per student for.block

n = number of base year students

o
= 'base year floor area used

- 52 -
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ti

The value of 13,,
i
was estimated by assuming an arbitrary

average classroom floor area of 50m2. See Tables 2.V and 2.VI.

11.3 Quality of Input Data

Unfortunately, it is impossible to quantify the error intro-
duced by using the simplifying apsumptions described in section II.

Moreover, the linearity adopted is no disadvantage when pom-
paring two variants such as alternatives A and B, hince the pro-
blem is relativised and the aim is to measure the magnitude of
disturbance in relation to a stable reference system (constancy'
assumption).

Furthermore, we shall see that the chapter on interpretation
of the results quickly disposes of the forecasting possibility of
the model (in'its conventional meaning of a single estimate) and
concetra4es on the compNison of the two alternatilres.

-53 -
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ti

2,11 Student stocks by social origin

Base year: 1966/1967

Unit Stlidy class
Social origin

Total
1 2

,

3

1 CM2 555,644 247,372 119,994 923,030

2 P terminal 1 176,862 47,706 8,145 262,713.

3 _
n n

2 226,816 71,382 10,815 309,013

4 CET 1 147,369 54,679 1,220 203,268_

5 CET 2 44,651
i

42,539 949- 158,139

6 CET 3 102,957 38,201 852 142,010

7 6e Lycee, CES,
and CEG

257,629 201,162 129,403 588;194

8 5e n 238,599 176,800 121,986 ,537,385

9 4e n
- 193,485 144,451 103,369 441,747

10 3e n 165,364 123,543 94,768 383,675.

11 26 Lycee : 122,408 91,074 79,360 292,842

12 'le "
.

99,162 76,072 67,809 243,043'

13 T " 89,457 70,433 66,583_ 226,473

14 CET (short) 1- 31,881 9,185 3,5?3 44,589

15 CET 2 21,077 - 6,073 2,329 29,479

Source: Informations Statistiques No.101 March 1968
(Public primary education)
(Private education)

No.104 JUne 1968'
(Technical education)

No.107 November 1968
(Public Second Level
education)

-55-
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2.IV. Changes in transition coefficients for

Alternative B

2. Phasing-out of _primary termina' classes

0M2

6e

5e-

4e

p1(1,2) = 0.

p2(1,27 .6 0.

p3(1,2) =40.

p1(97,2)

p2(7,2)

p3(7,2)

R1(8,3)

R2(8,3)

p3(8,3)

R1(9,4)

P2(9,4)

p3(9,4)

= 0.

= 0.

0.

= 0.

0.

0.

= 0.

. 0.

= 0.

R1 (1
'
7)

R2(1,7)

p3(1,7)

R1 (7
'
7)

R2(7,7)

p3(7,7)

p1(8,4)

p2(8,4)

D
3
(8 4)

P1 (9
'
9)

R2 (9
'
9)

P (9_3 9),

= .76C

=

= .96

= .171 p1(7,8) = .807

= .177 :t5 p2(7,8) = .811

=,.177L p3(7,8) = .852

= 0. t'L p1(8,8) .162 p1(8,9) = ,.784

= 0. P2(8,8) = .194 p2(8,9) = .796

= 0. p3(8,8) = .128 p3(8,9) = .866

=

= .18e

1)1(9,10)=.759

p2(9,30) = .796

= .148 z,T3(9,10 )..= .848

The above values correspond to%zero transition coefficients
the primary 'terminal classes in 1969/70.

The model calculates the valueEiefor the intermediate years by
linear interpolation.

for

2. Phasing-out of the first two years of CET (long course)

The third year is assimilated:to the filet year of the two-year
CST programme. .

- the transition coeffici nte4rom primary terminal classes (FE)
are phased out in 1971/72. )

'

p1(2,4) = 0

')

P3(2,4) = 0.

1p1(2,7) = .107

FS 1 p2(2,4) = 0. p2(2,7) = .066

p3(2,7) = .096

R1(3,4) = 0.

P3(3,4) = 0.

p1(3,8) = .524

40FE 2 p2(3, = 0. p2(3,8) = .566

p
3
(3,8) = .727
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4 2.IV (continued)

- the third year of the CET three-year course is assimilated to
the first year of the CET two-year course in 1972/73.

1)1(6,6) = 0. p1(6,14) = .085

CET. 3 p2(6,6) = 0. p2(6,14) = .085

;3{6,6) = O. p3(6,14) = .085

pj(1,m) denotes the transition coefficient from unit 1 to unit m for
group j.

2.V Costs per student- (French francs)

Education Staff

.

Maintenance Building

Primary
(CM2, E) .

Secondary
First cycle

Secondary
Second cycle

Vocational
Short (CET)

853

1,422

2,448

1,834

(3)

(2)

(2)

(2)

.

56

89

128

355

(3)

(2)

(2)

(2)

3,644

9,310

17,858

18,504

(1) Source: 5th Plan, Estimate in 1968 Francs.

(2) Source: document 3495, (Ministere de l'Education Nationale,
Service Etudes et Conjoncture).

(3) Source: Budget Fonctionnel de l'Education Nationale
Statistiques Financieres.

Note: The heading 'Building' cover's building costs, purchase of land,
and the necessary equipment.

-58-
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2.VI. Input Data for Resources Submodel

.

Unit
NBLOCK

NOACT

NSPACE
CLSZ

WHC

WU
WHT AA

m 2

SkI,

F

COSTPS

F

CAPP

F, .

1 CM2 1 1 35 22 22 50 29,853 56 2,458

2 FE
;Lt

1 1 35 22 22 50 29,853 56 2,458

3 FE2 1 1

-

35 22 , 22 50 29,853 56 2,458

c ,

4 C E.T, 3 4 30 29 22 50 41,740 355 11,080

5 CET 2" 3 4 30 29 22 50 41,740 355 11,080

6 CET
3

3 4 30 29 22 50 41,740 355 11,080

7 6e 2 2 30 22.5 18 50 28,240 89 5,575

8 5e 2 2 30 ?2.5 18 50 28,240 89 5,575

9 4e 2 2, 30 25 18 50 28,240 89 , 5,575

10 3e 2 2 30 25 18 50 28,240 89 5;575

11 2e 2 3 30 27 18 50 61,148 128 10,693

12 Jere 2 3 , 30 27.5 18 50 61,148 128 10,693

13 T 2 3 30 27.5 18 50 61,148 128 10,693

14 CET
1
* 3 4 30 29 22 50 41,740 355 11,080

15 0E22- 3 4 30 29 22 50 41,740 355 11,b80

7

NBLOCK Code number of block of units eharing the capital costs.

NOACT 'Activity' code number (one activity per unit).

NSPACE Code number of type of space required.

. CLSZ Class size (number of students per class).

WHC Weekly hours of instruction.

WU Meekly hours of classroom utilisation.

WET Weekly teaching obligations (hours)

AA - Classroom area.

SAL Annual'neacher salary.(francs).

COSTPS Maintenance costs per student (francs).

CAPP Building costs per m
2

(francs).

-59-
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III. RBSUIIS

'1rat, here is a reminder of what each social group contains:

( Agricultural wage-garners
( Self-employed farmers
( Industrial workers
( No occupation

( Craftsmen
Group 2 . ( Shopkeepers and clerical workers

( Middle -level executives

( Professional workers
.( Higher executives

Group 1 -

Group 3

1180:

AlternativeA: Development of the simulated educational system;
strudture remains constant over -eime.

4

Alternative B: Development of the system allowing for imple-
mentation of structural reform, i.e. phasing -ou

'of terminal primary education and short vocational
training three-year course.

* 4
111.1 Student Stocks

It can be seen in the reference alternative that stocks.ard
increasing' slightly in the CM2 and terminal primary classes are
declining slightly in the three-year short vocational training-ti
(CET). On the other hand, the long secondary course seemeth -

reflect the first effects of wider,apportunities of access to.
this type of education; as measured by the transition matrix based
on the 1966/1967 and-1967/1968 obseryations; the 1st cycle stock
increases at an average rate. of 2.6 per cent each year, while the.
2nd cycle stock increases at 4.9 per cent - i.e. almost twice.that
rate.(correspondingto appreciity.y the same gradient}`.,

,

Turning now to the development.of stocks by socisl.origin,
we observe that group 3 remainseat about the same level,-whereas
groups ,.and 2 increase at an average annual rate of 2.7 and 2.0
per cent respectively hence there is an overall narrowing of
representation disparities.

\ The explanation of the stability of the grouP.5 stock is
that this group is characteriped. by a high transition/repetition:1

ratio, which gives it a more rapid rate of progrSps ,than- .,the.-
other groups. /%113 leads to a shorter:responae time (maximuM stock
in 1971/1472) in relation to the CM2 Inflow rate (appreciably
constant over-the perAodstudied); moreover, the higher repetition
rates for groups 1 age"2 Loply longer'responsatimes, an4 hence
slower growth for 1.02/197? and 1974/1975 respectively.

t Thie observation ,enablea us to tnterpret more accdrately
the narrowing of the reprObntation disparities during the

,

O.,

- 60 -
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I9

simulation period; this phenomenon reflects a temporary situation
. due to the variation in group response times, and we can reason-

ably consider that this tendency will diminish somewhat if the
simulation period iS extended (see Tables 1, 2, 3 and 4).

. :Implementation of the reform leads to major disturbances in
the trend briefly commented-upon thus far. Graph 3 shows the
phasing-out of the primary terminal classes and the post-primary
short vocational' training (three-year course). The assumption of
a linear decrease in the transition coefficients to these unit
groups makes stocks drop sharply from 1967/1968 to 1971/1972, the
terminal' classes being eliminated by 1973/74 and the CET classes
by 1975/16, i.e. a year later than planned, because of repetition.

The stocks in these units .(primary terminal classes) are
directed to the 6e and 5e classes of the lycees, CEG's and CES's
and produce an immediate rise in the first cycle as a whole, at
a rate of 14. per cent during the first five years.

Graph 2 compares this development with that shown in the
reference alternative; it also shows that the influence of the
xeform on second cycle stocks only begins to make itself felt in
1969/1970 and less sharply than for the first cycle. While the
first cycle is rebalanced by 1973/1974 (i.e. same growth as the
reference alternative), the second cycle has not absorbed the
whole of the disturbance by the end of the period studied.

The net outcome of the implementation of the reform is an
increase in overall stocks in the system studied, which was to
be aTpeotod, since ft was assumed that students who formerly
complit-e8-thair-sohooling-in the primary terminal classes would_
follow the same pattern as first cycle pupils of lycees, CES's
and CEG's, where the drop-out rate is lower.

The following is a breakdown of the increase in stocks for
1975/1976:

Variation in stocks compared to the
reference alternative

1975/1976

Typeof
education

CM2+

itharY
3-year
C.E.T.

1st
cycle

2 nd
cycle

2-year
C.E.T,

TOTAL
Peroimal

.
'

.

. ariation -

in stock's -508.2 -477.6 +1066.1 +477 + 68.9 +597
(thousands) i k

111.2 Representation disparities

The disparity index menliohed in Part I provides a means of
measuring:the extepyof.theidisparities in the two altei'natives.
This index was galculated,f6r three years in the period: 1967/68,

- 1971/72 and 19'0/76 (With-linear variations between these years).
.

4 3-

'

0 4 T

. 9

61 -
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We note first of all a decline of over 50 per cent in,the
index' between 1967/68 and 1975/76 for the reference alternative.
There is hence an appreciable improvement in the representation
of the least favoured group, though this may be only temporary
and reflect a swing in the system. It should therefore be com-
pared with the trend in the index corresponding tb the change in
structure.

4

Trend of the disparity index

Year

Indei
67/68 71/72 75/76

E
A

E
B

.

0.517

0.517

0.351

0.460

0.231

0.145

This stable shows that the reform does indeed achieve one
of its objectives in the horizon year, namely to reduce inequality
of representation by creating a common core.

IWe still have to explain why E g 2> E A between 1967/68 and
1971/72. Calculation of the index to type of education shows
that this is due to the phasing-out of the primary terminal
classes and the 3-year CET course: students from groups 2 and 3
are the first to disappear from these clauseswhich-leads to
over-representation of group 1 and hence an increase in the value
of disparity index B B. Nonetheless, alternative B is preferable
between 1971/72 and 1972/76 (see Table 5).

111.3 Teachers

The graphs showing the development of teacher requirementb
for each eduqation cycle resemble those of student stocks to
within a homothesfs (see Table 6).

The effects of the reform are therefore approximately similar,
.except that primary terminal and.specialised vocational teachers
can seldom, if ever, lesubstituted for 1st and 2nd cycle secondary

' teachers. This considerably slows dqwn implementation qf the reform,
as is illustrated by the following table.
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Variation in teacher requirements
as compared with Alternative A

67/68 49/70 71/72 73/74 75/76

CM2 +
F.E.

0 - 5,270 -12,280 -13,876 -14,497

4 Short
voca-
tional
C.E.T.

0 - 4,845 -14,703 - 18,592 -17,959

lst
cycle

.

0

i

12,773 36,192 46,334 47,040

2nd
cycle

0 215 p2,441 11,453 22,572

TOTAL 0 2,8731 11,650 25,320 37,156

Resource Requirements---

(a) Current expenditures

There are two types of'expenditure: salaries of teachers
and administrative staff, called staff costs, and-other current
expenditures, called maintenance costs.

Graph 4 plots these two types of .expenditure for each alterr
native. As might have been expected, the implementation of the
reform increases staff costs by 17.1 per cent compared with
alternative A in the horizon year, the increase being linear from
69/70. We shall not comment on the variation in expenditures per
education cyqle, since these are by assumption directly propor-
tional to the 'dariations in teacher requirements.

Maintenance costs are calculated from costs per student,
and these costs are much higher for post-primary vocational edu-
cation than for secondary education (Frs. 335 as compared with
Frs. 100). The disappearance of the CET 3-year course results in
lower mer'0hance costs than for alternative A over the period
in questic as a whole.

Let us now see how these costs are distributed by social
group. For this purpose, arj and pj have been defined as follows:

I

-63-
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crj = the proportion of staff costs attributable<to
social group j;

the proportion of maintenance costs attributable to
social group j.

The follOwing are the values of=these ratios for 67/68,
71/72 and 75/76, together with their 'values for alternatives
A and B respectively. r-

Distrihution'ratioaof current
costs by social group

Year

Ratio

67/68

.

71/72

.

75/76

1 2 3 1 2 3

,

ari

A 506 .301 .193 .506 .303 .191 .529 .301 .170

B .506 .301 .193 .507 .303 .190 .524 .294..164

P i
A .563 .290 .147 .550 4292 .159 .565 .290 .145

B. .563 .290 .147 .544 .296 .160 .569 .289 .142

PJ A '.534 .295 .171
i

.543:-.294 .163 .555'4293 .152

6

This table shows'that Pj does not vary by an appreciable
amount from one alternative -to the other - the initial and final,
values are about the same, while the intermediate variation is .;

small, and we may conclude that the distribution of maintenance
costs remains stable. In both alternatives, the ratio aj remains
constant over the first fiYe years, after rwhich group 1 increases
its consumption at the expense of'group 5,,while the distribution
ratio for group 2 remains constant over the whole period. Overall,
the cost and student distributions do not coincide, as is shown
by the final line in the table (except for group 2). The explana-
tion of these differences in distribution is that students in
group 3 vainly belong to the secondary long cycle, whereas group
1 provides most of the student stocks fdr vocational courses.
Staff costs differ from other costs by ,a factor of 10, from which
one can conclude that the most under-represented *group is even
worse off in respect of its share of expenditure; while accounting
for 56 per cent of the school population. in 75/76, it generates
only 53 per cent of the staff costs, whereas for group 3, the
proportion is inverted (15 per cent and 17 per cent respectively).

(b) Investment

If 'we consider
period in question,

only total investments requirements over the
we see thatfor alternative A they,decline

-.64-
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steadily, whereas they reaChS maxim} in 70/71 for alternative
B. The additional effort made also r aches its'peak at the same
date and:represents F.2.9 billion. A different' pattern emerges
with respect to capital requirements by type of educatioh. In
alternative A, primary.and short vocational education need little
investment, while in the secondary sector investment requirements
for the first cycle. dec/ine from Frs.1.3 to 0.15 billion, and for
the seqond cycle reach ,a peak of Frs. 1.04 billion in 71/72. In
alternative B these investments relate only to the seconds Ong
course, and graph 5 shOws the pattern compared with si4arna ive
A. Implementation of the reform calls fonconsiderableadditional
inilltm t, reaching a maximum of Frs.2.7 billion in 70/71 for
the cycle and Frs.2.5 billion in 74/75 for the, second cycle.
Thes ional investments are certainly higher than the amounts
which will actually be needed, since the programme does not provide
for the re-utilisation-of the capacities freed by the disappear-
ance of the primary terminal classee and the CET 3-year course.

IV. CONCLUSIONS

The assumption of structural changes at the'rate advocated
by the Vth Plan will result in considerable overloading of long
secondary education 4 there'will be no'increase in the maintenance
costs of the system,, but staff costs and especially capital
requirements will.he budfi higher. The main difficulty, as we have
seen,-stems from the'nonsiderable number of CET teachers who will
suddenly become redundant. There are various possible technical
solutions to this type of problem, namely:

(1) retraining of CET tiacher§;
.

'(ii) slower phasing-out of CET 5-year course so that the
2-year OET's can absorb the equivalent stocks;

(JAI.). adjustment of qualifications to permit CET teachers
to teach In the "practical" sections of CES's and

In prakice,it seems necessary to combine solutions (i) and.
(ii) if the same system of teacher, qualifications Ps to be re-
tained. Solution (iii) is a hasty "makeshift" solution and con-
flicts with the desire to cre to an education system of the same
quality fon all 1st cycle stu ents.

Observation also shows th former students of primary
terminal elapses do not cross the bridge (or not to any great

^extent) between the short stream (practical sections of CEG's
and CIS's).and the long stream (classical and modern sections
of the lycees). Unfortunately, the narrow statistical base pro-
hibited simulation of these different streams.

1111

- 65 '74

31$
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7

45

This observation leads 116 to view with caution the reduction
in the disparities of representation that emerged from our study
when the reform is carried into effect.

?urthermore, the breakdown of current costs by social group
emphasises that group 1 is not only under-represented, but obtains
a lowei-overall share of resources.

The limitation of the study's findings and their linear
nature stem mainly from a narrow statistical base which has
prevented an eaamination.of why CEG's (and to a lesser degree
CES's)' areliparrier to access to "2e" classes. The advantage
in using thi model is mainly that it quantifies reactions that
are to a large extent alrdady foreseeable.

V

A
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1. Development of student stocks per branch
of education-(thousands)

Year
67/68 69/70 71/72 73/74 75/76

CM2 A 140.4 1453.3 1465.8 - 1479.8 1500
'Primary
Terminal B 1446.4 1268.8 1036 994.2 992.6

3-year A 503 474.6 464.3 472.2 477.6
CET

B 503 362 118.7 9.6 0

Lycee, CES,
CEG ;- 0

A
4.

2103.9
ti 44 t .

2352
I, 1

2477.9
.t

2518.u91 254 1 4.1

1st cycle
B 2103.9 2652.9 3309.8 3569.5 3615.

Lycee A 767.4 818 924.3 1020.5 1068.7

2nd cycle B 767.i 822.3 972.9 1248 1515.7
-,,

2-year A 93.1 111.1 131.E 149.8 156.1
CET *

B 93.1 113.4 142.4 190 ,225

A 4913.8 5209 5463.7 5641.9 5751.5
Total

B 4913.8 5219.4 5579.8 6011.3 6348.5

-70-

60
A

NAV
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2. Developmentpf student stocks per class
Referehce-felternative A (thousands)

Class Unit :!.67A8
-v-1.

69/70 71/72 73/74 75/76

CM2

F.E.1

F.E.2

1

2

3

==

-if
'.' 94-!4.,

- ;..,...)

221
-47-4",
....--1

27.6
_-:

962.3

230.0

261.0

968.1

232.1

265.6

978.7

233.4

267.7

991.8

238.1

270.1

CET 1

CET 2

CET"3 ' .:4e=

A

5

201.8

157.5

14327

183.4

148.0

143.2

188.3

144.9

131.1

19V8

148.0

134.1

192.3

149.4
:. .t

135.9

6e

5e

4e

3e
3 '

7

8

9

10

645.3

574.5

485.6

398.5

674.1

647.9

563.5

466.5

680.5

664.4

603.9

529.1

684.7

669.4

613.7

551.1

698.4

675.7

617.9-

557.1

2e

le

T

.11

12

13

295.8

245.5

26.1

330.5

256.8

230.7

378.2

294.7

251.4

405.7

329.1

285..7

414:7

343.7

310.3

CET*1

CET '2

14

15

. 55.1

38.0

-1(62.0

49.1

J 73.8

57.6

81.9

67.9

84.1

72.0

a

-71 -
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3. Development of student stocks per class
Structural change alternative B (thousands)

.Class Unit 67/68 69/70 71/72 73/74 75/76

CM2 1 949.7 962.3 968.1 978.7 991.8

F.E.1 2 220.1 97.6 14.6 0.4 0

F.E.2 3' 276.6 208.9 53.3 15.1 0.8

CET 1 4 201.8 100.4 13.3 0 0

CET 2' '5 157.5 119.8 34.2 0.3 0

CET 3 6 143.7 141.8 71.2 9.3 0

6e \ 7 .645.3 822.7 922.9 938.8 958.4

5e 8 574.5 '749.4 923.7 913.1 916.0

4e 9 485.6 595.6 808.2 891.0 891.4

3e 10 .398.5 485.2 5.0- 826.6 849.4

2e 11 295.8 334.8 4 .0 548.3 623.0

Jere 12 245.5 2,56.8 3 4.5\ 393.1 494.2

T 13 226.1 230.7 253. 306.6 398.5

CETR1 14 55.1 64.3 81'.6 108.4 122.2

0ETR2 15 30..0 49.1 60.8 81.6 102.8

- 72 -.

62.
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5. Disparit x per type of education
and fiblhe whole. eystem

Year
Type of
education

67/68 71/72'.

,:t,<..

.75/762':.,

' A r
I

CH2
Primary Terminal

B

,.032

.032 ',

.023

.0'76

.023
-

.0

,.
'''':'-'

CET
3-year .

A :

B

:,

.

.

.057

.057

.003

.051

',003

.

1st cycle
...,,.1,5

Secondary

..,

A

B

.135

.155

.046

.018

.0404..

.005

- ,

2nd cycle ...

Secondary

,,
-c

--44_
..,-,

,4

B
1 1

.239

.239

.283

.287

.139

100..100

-

;

-CET

2-year
..,

A-

-a---
st

.034
,

.034

.026

.028

.026

.040

E
le k, .

.517

.517

.381

.460

.231

.145 -

-74'-

63
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14,

6. Development Ofyteaaher requirement (thousands).

yeart:. -,, :K..._7?-i-
Type of o7/1.8 .',69/70 . 71/72' 73/74 75/7

;educption
'. : L..., - t. ;

-,..z,

./..) ..:
, A 41,4326 ' 41022 . .f..41,880 .42,281 -,- 2,857CM2 .

Termini
.4... -)

.

'B. ' 41,326 5652' \...23;600 )2,84405 28,360
1 4

Short
., --. .-..-,-/'

A 26,192 29,734- '2,6-,17'' 27,361 27,!845
Vocational
CET . B 26,192- 20,889 :11,472 /8;770 ... 9,886

_.
A 91'0'54 102,768 ,a08.,491p- 1.44547 111,652Secondary

1st Cycle
91,754 115,541 144,682 156,..61kCj 8A92..

,... -'
l::

A 38,80§ 4i.,352 ''' 46,721 5.2. 59 -".5?,1 64.0Secondary
....-

2fd Cycle B --.,-38,806 41,567 49,162. 65,048 --.,76,612,

.:.1:1,
/ I A- 198,080 211,318 ,'223,266 231,582 4,236-'394

Total :

B 198,080 214,247:'64,916 256,9041-5;,
. .

I
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. 7. Yearly required investments
(Francs in millions)

67/68 68/69 .69/70 70/71 71/72 72/73 73/74 74/75 75/76

CM2
Primary
TerminalB

A

.

;.,u . 3. 13
,

39 52 19

-

Short
Voca-
tional
CET

A

B,

340

340

282 209 127 0 76

1st
cycle

A 1393

1393

1291

2181

1013

2783'

753

3442

445

2656

249

1638

139

873

121

274

152

146

2nd
cycle

0

A

B

88

88

278

278

629

705

872

1082

1041

1625

971

2250

766

2698

537

2749

334

2084

Total
A

B

1821

1821

1569

2469

1642

3488

1625

4524

1489

4281

1515

3888

1153

3571

837

3023

581

2230.
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I. INTRODUCTION'

The purpdse of this paper is to look at the Simulation Option
Model (3), or SOM, of the OECD from the point of view of control theory
both in order to discuss SOM and to suggest certain possible expansions
of the model which might be quite fruitful. In order to avoid ambiguity
about what is meant by control theory, the following definition will be
used:

"Control theory is that body of knowledge concerned with actively
bringing a system from one state of nature to another (possibly
the same) with a performancs criterion either explicitly stated
or tacitly understood."

Notice that the above definition makes no mention of just what type of
mathematics is.involved but'rather it stresses the word "actively1'
because the real distinguishing feature of control theory as opposed to,
let us say, astronomy, is the conscious desire on the part of the analyst
to do something such that the system behaveS better in light of the
explicit or tacit criterion.

However, not,only does control theory have a good bit to say about
Oikfluencing the behaviour of ystem but-it can materially add to the
description of the system as S. In fact, much of what is now referred
to as "Modern Cdhtrol Theory 'osely.speaking, can be broken down into
two categories, (1) analysis'and (2) optimization; the former is concerned
primarily with the types of mathematical representations which are most
suited for explaining, describing and prebenting the data, the system
and the results, while the latter focuses attention On,What can be done
both theoretically and in practice using thdse representations to produce
the best results.

1

Some recelit papers (10,12).have used some optimization techniques
taken from control theory and have applied them to educational planning;
too often the misleading impregsion is obtained that only, this facet of
control theory, optimization, is relevant to fields such as economics,
education or the social sciences in general. As a,by-product, it is
hoped that by concentrating on SOX, this paper can be useful in indica-
ting how other aspects of control theory can be profitably exploited both
for SOX in particular and educational planning models inseneral.

i II. GRAPHS AND TABLES

When engineers look at research done in educational planning models,
there`is often a senate of disorientation brought about due to-the over-
whelming nimber of'tables in a typicsl'report and'the almost total lick
of graphs. Referring to the=usual Ape of educational planning report,
Evans (6) notes that:

Figures in brackets refer to,References p. '94,

- 83 -,
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"These plans quickly immerse the reader in extensive tables'
of numbers - population data, school enrolment figures,
figures on the educational level of the working force, on
teacher qualifications, and so forth. These iumberB are
frequently given to as many as six significant figures,
suggesting a degree of accuracy that is hard to believe.

"But most striking of all, perhaps, is the almost total
absence of the use of graphical techniques, either for
display purposes or as part of the projection process used
to arrive at the estimate, A half dozen of the basic refer-
ences in the field can be read from cover to cover without
encountering more than that number of graphs. This situation
is puzzling in view of the advantages of graphs id such
areas as display, extrapolation, and projection."

Moreover:

"Graphical display of the dynamic patterns in the educe-
- tional system would allow the implioations of various

policy alternatives tq be,clearly and simply demonstrated%
Educational and census data are typically sketchy or even
completely absent. Such data severely limit the accuracy
of calculations based on them and argue for techniques

'which do not give spurious impressions of precision. Finally,
the techniques of extrapolation and projection are inher-
ently graphical anyway,. Why not display them as graphs?"

Why not, indeed? And it was very refreshing to see that the authors
of SOM chose to display prominently - and in round numbers - the graphical
unfolding of enrolment and expenditure versus time, leaving the tables
at the very back of the report. However, as Evans also suggests, they
could go still further and display on one graph, "Supply of Teachers vs.
Time" and "Demand for Teachers vs. Time" in order to show clearly how
different policies re ating, for example, class size; teaching load, .

rate of success and to of choice, will produce different types of
results - for exampl too many teachers, not enough teachers, just
enough, too many one y and then a shortage the next and so on.

Furthermore, it might be of some use to plot one variable versus
_time. For example, for specific policies, a decision -maker might wish
to see such things as (1) "Resource Expenditure vs. Class Size", (2)
"Teacher Supply vs. Number of Students" or (3) "Medical Students vs.
Total Population" in order to get a quick picture of how the educational
sphere is developing with respect to itself and to the rest of society.
One of the main' motivating factors behind the production of mathematical
models in educational planning was to give the decision-maker a tool
which would reduce the huge amount of interconnected and confusing data
so that he would be able to see immediately what'should be done. The
further use of graphs atil opposed to tables would go a long way in pro-
viding such a service and the possibility of providing such graphs as
suggested here for SOM should be looked into.

-84-
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III. "WHAT It" AND FEEDBACK

One of the most important featured of SOM which distinguishes it
from moat previoly mathematical models in educati nal planning is that
instead of giving:one projection, SOM can calcula e one projection for
each of the various assumptions. As the report put it:

"The SOM is 'neutral! with regard to pr ies between.
. educational objectives, since it merely _lates the

development of the system on the basis of various assump-
tions or estimates of such factors as transition co-o,
effieienis, demographic developments, restricted entry or
other resource restrictions, relationships between physical
and financial resources, etc. It can thus be seen as a kind
of 'what-if' model, in ihich the effects of considered
changes are traced through the educational system. It iS,
for instance, deeighed so as to bet able to answer such
questions as: 'What consequences concerning the educational
outflow'and educational resource requirements will we get
if this transition coefficient increases over time in.this
way, or if class size i8 changed so and so much?'"

Philosophicilly and practically speaking, this "what-if" viewpoint is
Ivry important but not without certain unanticipated hazards. In his
review of the book, Decision Models for Educational Planning(1),
Vaizey(13)-makes,the following devastating comment concerning the book's
advocacy of the radical position that not only should alternatives be
shown but is in fact the most useful way of presenting the results:

"This, it must be said, has not been my own experience.
I tried very hard on the National Advisory Council for the
Supply and Training of Teachers to have a range of figures
put.up which would be explicitly based on various hypotheses
but it was most strongly pointed out by the officials
concerned that inevitably the Treasury would fasten on tIgh

"lowest. It was presumably for this sort of_reason that the
Robbins report put forward one single series of figures
rather than the ranges that they undoubtedly considered."

In other words, SOM is absolutely correct in getting away from the
false and restrictive notion that there is only one course that Society
and education will follow and SOM is completely right in trying to be
as explicit as possible about its assumptions. According to "Alternative
Educational Futures and Educational Policy Planning"(2), a minimum
requirement for Second Generation Educational Planning, SGEP, is that
the model have the following aspect:

"Tracing through the future censequences,of current and
foreseeable decisions. This amounts to an.attempt to
determine alternative educational futures resulting from
past and current policy decisions. It can be labelled a
'forward running' or 'exploratory' approach."

Burt as Vaizey indicates,, the decision-maker may not' be ,sophisticated
enough to know what to do with his tool. Perhaps in parallel with pro-
viding better analytic instruments for the decision-maker, CERI should

,- 85 -
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undertake considerable effort-to educate the decision-maker in how to
utilize his instrument properly. For example, in keeping with the spirit
of Vaizey's comments, even such a modest proposal as graphs instead of
tables would be tp no avail if the decision-maker were so poorly versed
in mathematics as to prefer,tableS over graphs because tables give exact.
6-digit information while graphs give him'a headache. Rather than as
Vaizey put it, "Let us hope that somebody, somewhere can understand
them," a conscious effort should instead be made to ensure that the.
decision-maker comprehends what SOM and other educational modelb,are
telling him.

However, the "What if" approach has a weakness besides that of the
iiecision-maker's possible inability to comprehend what he is being
informed of. The "what if" approach is indeed "forward running" in the
sense me9t by control engineers. That is, SOM as presently set up is
feedforwari or open-loop only and contains no feedback with respect to.
the control variables or the transition proportions. '.

The way SOM is presently constituted, the transition proportions
are considered as exogenous variables and for every configuration of
the transition matrix, in conjunction with preselected orplie-programmed
values of the control or decision variables (which are, for example, .class
size, teaching load, rate of choice,, rate of success and si.e of the
bottlenecks in the sectors of restricted entry), there is then an un-
folding of the future. For a different set of exogenous transition 0-o-
portions and/or different values of the control variables there,is a
different unfolding of the future.

As Fig. 1, a very simplified block diagram of SOM, reveals, the
entire SOM model is open-loop with no feedback coupling between the
results - students, teachers, money spent - and the transition propor-
tions or the control variables. In other words, the vector of control

variables,u,andthetransitionproportions, Pij are functions of time
only:

u = u(t)

p..
ij

= p..(t)
ij

This assumption, as embodied in Eqs. (1) and (2), is very difficult
.to defend. Transition proportions don't have lives of their own quite
independent of the number of students and teachers in the various sectors;
the control or decision variables in the real world are*not merely pre,r-,.
programmed but rather are related in a feedback way to'how the futul-W
iedeveloping. -

In a sense, SOM, by not taxing into account the feedback nature
of the situation, is vulnerable to the criticism by Frisch(I)-and later
by Edding and Naumann(5) made with reference to models Which completely
suppressed the influential nature of decisionet_

POn the one hands one still retains the onlooker viewpOnt,
and tries to make projections on this baSis (growth models
of the current types). And on the other handone will
afterwardstry to use such projections as a basis for
decisions. How can it be possible to make a projection

- 86 -
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without knowing the decisions that will basically influence
the course of affairs? It is as if the policy-maker would
say to the economic expert: 'Now you expert try to guess
what I am going to do, and make your estimates accordingly.
On the basis of the factual information thus received I
will then decide what to do.'"
* scientist in attempting to provide information for

.policy decisions had to anticipate exactly those political
decisions for which their findings were supposed to provide
the basis of information."

Obviously, the decisions and the transition proportions must be
related to.the states of the system and it could be highly misleading
if policies and social demands were presented as being entirely un-
affected by the states of the system. As the Secretariat of the OECD
put it,(2)

"... more attention will need to be paid to-feedback
mechanisms. There will, therefore be a growing need for
applications of adaptive control theory to educational
'policy-planning problems."*

In Section V, the archetypal model of control theory will be intro -,
duced'and it will be shown how Eqs. (1) and (2) could be modified in
order to exhibit this feedback property and bonseqbently avoid the pit-
falls mentioned by Frisch and Edding and Paumann.

'I©: CRITERIA: EXPLICIT AND IMPLICIT

Once again, according to the OECD Secretariatt2), a necessary
requirement for SGEP is the inclusion in the model of "multidimensional
goal assessment" or in other words, a criterion. SOM of course does not
have an explicit performance index. This is not so severe a limitation
as it seemaat first. According to the definition of control theory
given above; criteria may be either explicit or implicit, It is well
known that it is exceedingly difficult and perhaps-even impossible to
formulate an explicit criterion in education which would be universally
accepted as correct and meaningful. Two recent documents prepared for
the OECD (9,14) deal at great length with. the fact that society has
become increasingly fragmented with respect to the beliefs and values
held by the varicus groups regarding education and_thus deciding on an
index of performance agreeable to all concerned is very hard to imagine.

It is beyond
-
the scope of this paper to discuss properly what is meant

by adaptive control. In the late 50's.and early 60's, much attention
was 'paid to this area by controls people but it -has not proved to be
nearly so fruitful as was envisaged at first. Although the property
of adaptivity certainly sounds desirable, building in such a feature
id often impossible in practice. Moreover, whether a control system

_has the property of being adaptive or not often depends on the sub-
jectivqw views of the designer and not upon any strict, universally
agreed-upon definition.

OP

-87-
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Much of what is now called "Introductory Control Theory" had cri-
teria w ich were implicit and qualitative and -therefore hard to use
analyii ally: fast tlse time good phase margin,- not too much overshoot
and so o . But within this limitation, a gOod deal of important, useful
work has been accomplished.*

-

.SOM's index of performance seems to be implicitly given by the
graphs and tables for the different alternatives. Presumably, the
decision-maker would scan or study all the carefully laid-out graphs
and tables and via some internal computer of his own mind he would
select that policy vector ;which optimi7es some inner objective function
of personal feelings. If this is so and will be so for quite some time
to come due to the inherent difficulties of making criteria explicit,
then it becomes vitally important to present the alternative r sults
in the clearest possible way so that an educated, knowledgeab decision -

maker can properly u§e his experience.

As has been suggested, one way to give insight is to display the
results in the form of graphs. Another possibility, is to display in
addition to the computer flow diagram, a block diagram such as Fig.1
in order tot:Show essentially and without excessive detail how the sub-
models fit together and what, if any, feedback mechanisms are present.
If it is argued that-decision-makers do not understand block diagrams,
then it is necessary to instruct them in the use of block diagrams.
After all, it makes very little sense to expend so much effort to im-
prove our models from.what CERI refers to as "First Generation Educa-
tional Planning to "Second Generation Educational Planning" if the
decision-maker remains at the zeroet.h generation.

Continuing in this vein, because SOM's criterion is implicit, it
becomes necessary to use even more "esoteric" notions tnan graphs and
block diagrams. Most of SOM's flow model as discussed inthe report
could be viewed as a linear discrete System ,whose coefficients are
constant or time-varying; non-linearity enters into the picture due to
the Sectors of restricted entry. Although non-linearity detracts greatly
from the tractability Of theanalysis, it would_be conceptually possible
,to linearize this type of non-linearity (which control theorists refer
to as a "soft limiter") by'finding a linear equivalent(8).

This linear equivalent, even though possibly time-varying, could
be emploYed so that such useful control concepts as eigenvalues, modes
of vibratiose-impulse response, fundamental patrit and so on can be
discussed. In this way, the level of discussion can be lifted up
markedly. Although Section II of thii paper has proposed the superiority
of graphs over tables fbr data reduction purposes, graphs of outcomes
are really not very basic to the understanding of the system. Because
SOM has very many states, graphs of every student and teacher sector

11.

-For a discussion of how some implicit criteria May be made explicit,
see Chapter 8 of Schultz and Melsa(11) which i.s a very yell written
book on some aspects of "Modern Control Theory".

Strictlyspeaking, some of these concepts are not defined for time-
varying systeds and either approximations have to be made or the con-
cept has to be generalized; usually resulting'in more difficult
ctputation.,

- 88 -
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for every conceivable control policy, immigration pattern and transition
matrix would still offer the decision -maker an unenviable task in data
reduction.

However, control theory has been concerned with exactly that (ana-
logous)type of large multi- variable system and the problems of analysis
and data reduction which tonfront educational decision-makers.nasmuch
as the above mentioned notions of eigenvalues, etc., have proved useful
for control systems, it would b expected that they Woulddo likewise
in education. But once again, training programme might have to be
implemented with regard to e ucating the decision- maker.

V. 'AMIETYPAL CONTROL MODEL

iPontrol theorists lave found that from an analytic, computational
and philosophical point of view, the best way to frame a discrete zon-
trol problem is to

Extremize,with j
. respect to u

with tbe dyramlcs put inAhe form of

I

.-- where

x (k+1) = functfOn of A(k),u(k),k

J is'a functional of x(k),u(k),k.

(3)

(4):

x is the vector of the states.

u is the vector of the controls.

k is discrete time.

When the siptem is linear, then Eq.(4) becomes

x (k+1) =A x(k) + B uCk (5)

where A and B are matrices.

Given this framework, control theorists attempt to find the
control law

u = u(i) (6)

which will extremize the functional, J. Notice that u depends upon
the states of the system or in other words, Eq.(6) is a feedback
relation between the states and the controls and stands in marked
contrast to Eq.(1).

With regard tothe transition proportions, if it is felt that a

particUlar pij depends on such things as students, teachers or resources,

then pij is one of the states of the system and Eq.(4) (or if linear,

Eq,(5)) apps so that

89 -
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C.

4,"

pii (k+1, = p (x(k),u(k):k) (7)

Again, thug is in marked contrast to Eq.(2).

But a heavy price is extorted for incorporating reality. Not only
do the computations get more difficult because additional statesare
included, but also the feedback relationships between the states and thq
control variables must be determined. Dnfortupately, not very much is
presently known about the closed-loop feepadk relationship given by
Eq.(4), Yet, we caret conveniently assume it away by reauiring the model
to be open-loop or feedforward only, if indeed there are feedback
mechanists operating in the system.

Thtp is, of course, the dilemma of many social science models: "How
to trade'eff mathematical convenience against the real world's complex-
ities." Unless educational planning models face up to tpis situation
whereby decisions are coupled in a closed-loop feedback manner with the
states of the system; progress will be minimal.

- VI. SUBMODELS - CONTROLLABILITY Aim OBSERVABILITY

Basic to the philosophy of.SOM is the concept of optionality em-
-bodied in the combining and discarding of submodels to suit, the situation;
\for example, both the Teacher Supply Submodel and the Resource Submodel .

can'be utilized or not as the data and the decision-maker demand.
-Intuitively, there is much to be said in a positive way with respect to
increased flexibility and comprehensiveness regarding the combining of
submodels; there also exist some dangeks which are not immediately obvious
at first and some care is needed when putting submpdels together.

Much of "Modern Control Theory" is motivated by complicated multi-
variable systems and these have led to a thorough re-examination by
control theorists of intuitive, concepts which were handed down from the
study of much simpler systems. It has been found that when combining
subsystems or submodels, special attention must be paid to the resulting
system's (1) "controllability* and (2) "observability"; it turns out
that subsystems ithich may be each controllable and observable when
combined may reoult in an overall system which is neither controllable
nor observoble.-

I

ioosely speaking, in an educational planning context, controllability
;y.Oid'refer to the ability of the decision-maker to steer the system from
-_anistate to any other in a finite time while obElervability would refer

. to the decision-maker's ability to ascertain the behaviour of the states
from the measurement of the system's outputs. Since the steering of the
overall system and the ascertaining of its behaviour are fundamental to
the desires of the decision-maker, it becomes/apparent that very great
heed must be taken regarding the controllability and observability of

OF

It goes without saying,.. that subsystems which may be each stable, when
combined dakresult i glstem which,is unstaV.e.

6.
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the overall system. Because subsystems which are each controllable anot
observable may produce a no -controllable and non-observable overall
system, particular care is required in the -combining of these subsystems.
Without such care, the decision-maker may find himself unable either to
influence certain states or determine their behaviour.

ViI. DETERMINISTIC VS. STOCHASTIC MODELS

con-
stellation

SOM as,presently constituted is deterministic only. For each con-
stellation of transition proportions )deciaion variables, inputs, etc.,
there is one and only one set of results. That is, Once the constellation
has been Agreed upon, the results take the form of knife-edge forecasts.
For example, when discussing the raising of the school -le wing age, SOM
tries to avoid introducing non-deterministic effects by dasuming in all
cases but 40 that those who 'were forced to stay on will "adopt the
continuation pattern of those who continue voluntarily -n; in case 4A*,
those who were forced to stay on will "leave school as soon as possible".
S6-called second-order effects which intuitively are probabilistic in
nature are ignored in the presentation of the results although the report
does mention them in passing:

"On the other hand, certain pupils who earlier stayed on after the
age of 15 may stay on even longer because of the reform, in order
to keep their 'educational differpntial'".

As ArMitage(1)thas pointed out, such probabilistic effects may be
quite crucial in just this situation where behaviour patterns may change
due to policy changes. Unfortunately, a model which is stochastic or a
basically deterministic model which includes stochastic elements is
usvally much more difficult to handle. Again, we are in the situation
where we have to balance off our desire to model fully the system
against the increase in mathematical intractability of the model. Further-
more, with Aspect to the example in 410M, if we could introduce the
necessary probabilities in order to calculate a range of answers for

! each policy, then each of the curves pictured, instead of being hair
line or knife-edge, would be some sort ofcone spreading out into the
future and possibly, therefore, overlapping. As Ziegler(14) put it,

"The point is that the longer the time,(perspective, the
more uncertain are the assumptions on which linear pro-
jections rest, and the greater is the 'spread' between
the maximum and minimum parameters of'the functions extra-
polated. The reliability of these. assumptions decreases
because we areless certain both about our expectations
alpi our intentions."'

On the other hand, Coleman(4) points out, "there is an ever-.
present danger with probabilistic models that we will use them,to say
little or nothing - but to 'say it elegantly - about the behavior at
hand." He further adds that in reality, deterministic models, because.
they ate simpler may indeed be better because "simpler mathematics may
'allog investigation of problems which remain completely closed so long
as the extra burden o4 the total distribution is carried along, for the
basic model may be made more complex without reaching unmanageable
mathematics. And the argument that the stochastic process is more
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'fundamental' is not a valid argument at all." As a final note he
lethallY'observes that, "some probabilistic models do little more than
formalize our ignorance."

Thus it is seen that SOM's non-stochastic nature is not necessarily
the handicap which it seemed at first. iith particular reference to the

raising of the school-leaving age, however, the omission of the proba-
bilistic effects whi,ch can cause spreading of the forecasts, may result

in presenting the decision-maker with very misleading advice due to the
dubious precision of the graphs.

Despite the above quotations selected from Coleman's book, it
should be noted that Coleman is very much in favour of using stochastic

:models when applicable and relevant; note that'kehinselfidevotes seven
chapters, or approximately 200 pages to stochastic models.* Part of the

conceptual, as opposed to the purely computational, difficulties of
stochastic models is that they often call for parametersj

whose very
variables

which are exceedingly hard to measure even in principle
existence is questionable and thus Coleman's acid comment concerning

formalizing ignorance.

For example,. when Armitage trews the raising of the school-leaving
age by means of a_priori probabilities which the decision-maker has of
student behaviour, this brings up the problem of "subjective probability",

a concept that has caused marked disagreement among statisticians; some
statisticians insist it doesn't exist while others, equally insistent,

claim it is pivotal. But if probabilistic effects are important and
relevant, stochastic models would point the way to the measurement of

various quantities for which no one had previously bothered (or perhaps

dared) to gather the necessary data.

Whether or not the model is deterministic or stochastic, tu
decision-maker is still interested in controlling and observing the
.system. Control engineers have now built up a considerable body of know-

ledge, both theoretical and practical, concerning both types of models

and how much extra difficulty may be involved conceptually and computa-
tionally when a dpterministic model is widened to include stochastic

elements(10). With some very clevep.utilization of a high-speed com-
puter, some of Coleman's criticism regarding intractability can be over-

come - some, but by no means all and perhaps nowhere near enough.

But steering a-chemical plant whose parameters are partially known

with noisy inputs and noisy outputs so that Some reasonable (if not
fully explicit) index of performance is made %good", if not best, is

certainly roughly analogous to tha-situatiOn,,in educational planning.
In educational planning, a decision-maker.on the basis of very noisy

data and an incompletely known educational plant tries to make the -

system perform acceptably. Consequently, it wouldn't be entirely sur-

prising that if SON sholulAA ever incorporate probabilistic features;

much frustration could e avoided and efficiency gained if the massive

literature of control theory Were investigated.

In addition, several other qapters have stochastic models but their

main attention is focused on the deterministic approximations.
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VIII. SUMMIT AND CONCLUSIONS

This paper has attemAted, Without resorting to too much mathematics,
to consider SOM from a control theory point of view in order to offer
possible paths of investigation which might be profitably exploited for
educational planning models in general. Certain key concepts in control
theory have been mentioned; aipong them arSfeedback, aOnte011ability,
observability, block diagrams, index of performance and so on. The
archetypal control framework tor the deterministic case was sketched
and contrasted With the present form of SOM. Discussion was also made,
using the perspective of control theory, regarding the use of more
refined tools for presedting the results to the decision-maker and the
need for him to be able to understand these tools, Some comments were
given regarding stochastic and deterministic models with reference to
the fact that both need to be properly steered, and that control engi-
neers have a considerable body of expertise in this area.

-

Because this paper has sttesged the positive Contributions
f
of a

control point of view, perhaps a,caveat is needed in closing. Consider
the driving of a car as illustrated in Fig. 2a,2b and 2c.m One way to
drive the car is, as shown in Fig.2a, to look in the rear-view mirror
and steer in the hope that the road will continue on as it has in the
past. Another way, as shown in Fig.2b; is to drill a hole in the floor-
boards, straddle the center line and look down and steer according to
the center line beneath the feet.

Naturally, a better procedure,and one which embOdies good control
principles, is look at the road which lids a reasonable distance ahead
and steer accordingly,"Fig.2c. But while this model of steering a car
is seemingly proper for exhibiting the usual type of control problems,
is it relevant for educational planning?

For example, perhaps instead of a road, that is to say, a well-'
defined path, there is a broad plateau whose surface is not homogeneously
smooth. Instead of a car, we have a bus and all the passengers have a
steering wheel and an accelerator with most of the steering wheels and
accelerators unconnected to the wheels of the bus. Furthermore, let us
add a bit of fog, non-uniformly distributed so that some passengers
have a better view - or at least think that they have a better view.
We can quickly see that if edu-Aional planning falls into this situation
as represented in Fig.2d, thenewe have a vastly different type of pro-
blem and one in which control theory may not have too much to contribute.

In spite of this caveat, we need not be too gloomy, Educational
planning nhile not containing all the pleasant properties of simple on-
trol systems, nevertheless is not so chaotic as the rsituition depict d
in Fig.2d is. The very fact that we feel that planning should be and can
be done implies `that there exist certain rationally thought-out decisions
which will produce better results. The.refore;,it is hoped that some of
the ideas from control theory as presented here can aid substantially in
actively determining these correct decisions. ,

Figure 2 is taken from discussions with Professor J.G. Balchen of
The Division of Automatic Control in Trondheim who originally proposed
this ;Idea. In a loose was', Fig.2a,2h and 2c correspond to Ziegler's
"future as en extrapolation of the present", "future,as the present"
and "single, alternative future", respectively.
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_a

A.

11.

Figure 2

SOME POSSIBLE ANALOGOUS MODELS FOR EDUCATIONEL PLANNING

.a) Stearing a dm Using Rear-Wiew Mirror Only.

b) Stealing a:Car Using a tio e Floorboards..

c) Stearing a Car Using Reasonable Amount of the Road

4

- Good Control TheUry Strategy.

d) 'Reis on a Fo(gy (Rciadless) Flatsau With Many Wbuld:Be Drivers.
N
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I

I. IFTRODUCTION.

1. The request made by OECD for this paper implied a.desire for
evaluative comments about roles and-applications for.models of the
eduCational system; more particularly simulation models; and especially
theFimulation Option Model (SOM) recently published liyOECD. I infer
from this an invitation to examine and evaluate SOM in some detail.
Since that examination will involve some apparently critical remarks,
it is important to make clear at the outset my general impressions of
SOM, so that the later parts of this paper can be seen in the context
of my, overall reaction to the work that SOM represents.

2. Firstly, it is difficult to evaluate comprehensively a model with
which one has not worked closely and extensively. To read about a thing
as complex as SOM without seeing it in action, let alone being on first-
hand terms with its inner workings, makes possible only a dpeculative
examination. For that reason-, anything.said herg,,.,about SOM must be
recognised as the reactions to it of a relative-itranger.

3. Secondly, my reaction on the whole to the intent, focus and design
of SOM is favourable.. It seems to me a sensible step in the evolution
of models designed for the service of educational planning and manage-
ment. The failings of SUM are those of not going far enough; an under-7.
stShdable-shortcoming in work of this sort.

4.' I like the emphasis on SOM as a tool for simulation and experiment,
rather than as & direct means to planning or decision. It is important
to keep models of this sort at o remove from the decision process,
in concept as wall ip in fact.

5: The heed for tools like SOM is for small ones of flexible applica-
tioh, accessible and attractive to working administrators. How well SOM
meets these last criteria is a point about which I should like to snow
more. DOM clearly makes a move toward flexibility by allowing certain
of its parts to be used separately from the others.

6. The literature on models for educational planning is a fairly new
one, particularly the literature relating to educational, hs'compared
to economic models, to use the language of the OECD Technical Report on
SOM; The earliest such models were fairly small, and usually operated
by hhnd (i.e. with the aid of a desk calculator, or perighps a slide
rule). Later there came.a tendency towards rather largAscale computer-
ised models, encompassing a great many considerations, but expensive to
oicrate and complicated to comprehend. SOM is I believe, representative
of a third stage in'the evolution of educational planning models, one
which combines the technical advances of the second stage with the
simplicity and accessibility of the earlier and simpler models. But
believe that we still have quite a way to go in that direction.

- 101 -
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7. If models are to contribute meaningfully to the central problems
of educational planning and management, they must be both intellectually
and operationally respectable. Here also, SOM seems to be satisfadtort,
though further acquaintance with it would be needed for a firm judgement
on this score.

8. The remainder orthis paper consists of three parts: firstly, a
discussion of the technical requirements to which a model like SOM
should measure up, and how well SOM fares in that regard; secondly, some
comments on the requirements and possibilities for application of a
model such as ;this one; and finally, some more detailed and specific
criticism of the Technical Report, and of the model itself. This final
part has the nature of an appendix, and is a by-product of preparation
of the more general parts of this paper.

II. EVALUATIVE COMMENTS ON SOM

9. I chose to preface this commentary with a review of guy attitudes
about the general qualities a model such as SOM should have. This
review will serve two purposes: firstly, to serve as background for the
evaluation; and secondly, to put these remarks in context' through
revealing the prejudices of theirmaker.

10. Any model is an approximation of reality. Models made or 'dealt
with b/ technician's in an orgahisation like OECD are almost always
designed to reveal certain Chose-E aspects of reality, and to promote
understanding of. them. Depending on the kind and level of understanding'
desired, a greater or lesser degree of approximation will.be used in
design of,the model. Since models are costly I() makeand to use, it is
as wrong to be too elaborate and precise as it is to be overly approxi-
mate. In short, there exists an economics of models which relates their
cost and their usefulness; though to my knowledge no one has yet dis-
cussed or studied that economics in a serious -way.

11. A corollary to.the approximateness of models is that they are
essentially arbitrary in their design. One who makes models is free ,

to do as he pleases, to design his model as he perceives its uses and
'its cost. So models.often cannot be compared directly in terms of one
being "better" than another. Such a-judgement depends on uses and
resources, and any evaluation of models should take this into account.
Much of any evaluation of a model must be of the circumstances of its
use. In summary, a, model is a tool, and like any tool-needs to be
selet:ted and used properly and carefully.

12. The read value ota model lies in fact in its approximateness and
arbitrariness. It is through these qualities that we are able to carry
out investigations with models which we would never dare to undertake
with real systems. We can probe, experigent, and even attempt outrageous

/t

A things with the aid of a mo l,. to get an idea how these actions would
work out in reality, witho paying the penalty that would Often be
exacted in reality. A mode , thetefore, is a safe and fle;ible ground
for expeQ4rimentation, and therein is its principal usefulness.

13. I nt ,addition to the general qualifications set forth above, there
are a number of more specific qualities desirable in a model such as

,*
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SOM. The selection of such qualities is to a large extent ematter-of
.personal judgement; and so they are presented below without comment in
a list,'to which the reader may add or delete, depending on his own .

preferences. In addition, some of these q sties conflict with one
another.'In practice a model must be design d to provide a suitable
balance among them, depending on Its intend d use. Here is the list:

6

1) The model should be accessible to ij s users, preferably those
with some power to take decisions, d 4.t should provide
responses prompt enough for their u e in.real decisions.

2) It hould be flexibly enough design to be applicable to
a variety of situations, and should be expressed iyerms
of a variety of operational dimensions.

. 3) Ithould be sufficiently faithful to the process it
represents' that needed conclusions can be safely drawn from
it, and be clear enough in its own operation that its
potentials and limitations are reatiily perceived by its
users.

4) It should
-

in some way take: accouni'of the, non-quantifiable
aspects'of the process it represents.

5) It should provide suitable links to related exogenous
variables sothat itcan be examined in the light of
their. variations.

6) Its design should strive for economy of opeistion, within
the -limits a other demands placed on it.

7) It shoUld be of such a scale that ,the economy, 'flexibility,
and accessibility mentioned above can be achieved'in a
variety of instances of its use.

The last point in the above list reflects a strong feeling on my
part - that thepurposes of educational planning will be well served
if we move from large centralised models to smaller ones more frequently

. appliedover time and over a range of situations.
,

1. A Look at the Technical Qualities of SOM

14. With the above comments in mind, let us review SOM in terms of
its major features of structure and operation. SOM represents operation
of the educational system in te_ s of four-kinds of components: students,
teachers, other inputs, and funds, all of which are divided into sub-
pmtegories as appropriate. It deals with these components in terms of
rojections of numbers of students, and of the need for teachers,

supplieb, facilities and funds, both operating and capital. In.d,oing
this, it makes some recognition of the need for satisfaction of con-
straints on the system; and for balance among its parts. There is also
provision to deal with stocks and depreciation of capitalSquipment,
though just how and to what extent this is done by SOM is not clear ,

from the Technical Report.
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15. The general areas I see an lacking f4om the above hasty outline
of SOM are: consideration of the efficiency of the system,eand how that
efficiency affects both its own operation and its service to tlo, publid;
consideration of fUtute commitments induced by present actions; fuller
consideration of alternatives in curriculum, staffing, enrolment and
use of facilities. It is also not clear how the model generates and makes
use of information about changes in its structure and inputs.-

16. The makers of SOM have produced a neutral, "what-if". model that
can examine the opetation of an educational syz.tem through both "forward
running" and "backward runnlpg" modes. It can deal with considerable
disaggregations of kinds of students -"by sex, by grade level and by

,

background, and,to a lesser extent with different kinds of teachers and
facilities. All these features contribute favourably to its flexibility
of operation, as does the provision for time-variable transition co7
efficients. Thedb features also contribute to the model's ability to
represent reality faithfully; but they must be applied sparingly because
of their contribution to the negative aspects of cost and complexity.

17. SOM's operational qualities will be examined further hete by means
of a list, of questions. Thesereflect my concerns both about the model
itself, and with the way it'is presdnted in the Technical Report. They
are thus meant not only as-questions, but Also as bases for further
discussion Of this and similar models.

.

1) What has been 'the cost _of opertion'of SOM, as a function of
the kind of system considered, and of the number of the model's

_a-- -options -that were used? It would bp Intel-eating to'_know--these
costs in terms of time, skills, and money. Is it possibleto
estimate costs of a run of the model befote beginning? What
about capital 'costs of past development and of future improve-
ments to the modgl?

2) Fromipperational experience so far"'"whai?is the relative
importance of the several technical features of the.model,
for example, the restricted unit Calculation?

3) Can SOM deal with the total stock of graduates, dropouts -and
leavers from the educational system (i.e..with the total stock,
of these persons available. to contribute to the economic system)?
If so, what provisions are made for measuring initial stock, and
for its attrition through, death, retirement, and migration?

4) How are inventories and depreciation of physical goods handled,
apd what has been the experience in.gathering data for, this
%purpose?

5) Can SOM :take into account;. with regard to capital:investments,
their acquisition time, the commitments they imply; and the
effect of interest and discount rates?

6) Has ptolAision'been made to con ider alternatives to purchase -'
for example, rental, repair, o expansion of existing facilities;
or just making do? It is valuable for a model such as SOM to
take into steen-unt such yariatfons, since they could play an
important rolein action decisions:
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7) Who has made use of
future clients, par

- making responsibili
still too early to
into account in the

ti

SOM so far, and who are expected to be its
Inicularly in terms of the level of decisions
y of these users?_In all likelihood it is
swer_this question, but it should be taken

future development and usg of this model.

Some of the items ahovego well beyond the present status of SOM, into
issues of its further development and application. For that reason they
are incl ed here as,questions rather than. as items of evaluation.

.

2. Some Further Technical Issues

18. This evaluative commentary concludes with brief consideration of
some more specific issues. The firstAof these is the possibility of
satisfying.demand for teachers, at least temporarily, by use of teachers
with an "incorrect".level of qualification. This point seems to be co'ered
by the Xechnical Report,'but that is not made clear. Alternatives of
teacher supply, like the alternatives to capital investment mentioned
earlier, are important as stimulants to expansion of the number of kinds
ofalternatives considered by decision- makers. The more the model can
suggest and reveal the impact of these alternatives, the more useful .

will it be to actual decisions.

19. A second technical point regards the sAbmodel for indirect resource
requirements.,0The synthetic and constructive nature of this submodel is
attractive as a tool for examining the effect of changes in the resource
StYUcture.:-RepresentatIonTiirsuch a model by Ei-nrer kructlfre might -

further facilitate the understanding of such effects.*

20. Another issue here is the handling of the "restricted units" of
the system. The attempt-mad4 by SOM-to deal with this issue Is valiant,'
but needs further sdrutiny,gparticularly, with regard to marginal and
undcrutilised restricted units. As the calculations stand, it looks as
though some units might be either, restricted or unrestricted depending
on the sequence in which the calculations are carried out. Also regarding
the restricted units, is it indeed realistic to distriblite places in
them proportionately to the number of students in the several "k- groups'"
that the model recognised'? This.may be an attractive pOlicy from an
egalitarian viewpoint, but I wonder how well it is carried out ins
practice. If, inequities'dxist on this score (and they surely do in some
cases) the model should t made to identify them.

60.

21. FinaAly, the variab3e structure available to describe the system
in terms of its units, levels and branches, is attractive from the view-
point of the fleIlbifitit affords the modr eI1g fter, as is the option
to use or abandoh the several szbmodels.

C-
4t)

-%,

. ay.
Suc a model and its 6011ation are described Jen "Marginal Costs for
Mar anal Decision: Th's Cage of Team Teaching in Barbad s", by Richard
M. Durstine and Barclay M. Hudson, an unpublished d of prepared for
the Intevnational InOitute foi' Educational anni ZP/RP/1-CS,

'May, 1969:'

4

.
,

9
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- 105 -.



www.manaraa.com

III. THE USES OF MODELS OF THE EDUCATIOPAL SYSTEM
1

.

22. A,model like SOM, if it is not applied, is nothing more than a
costly intellectual and computational exercise. Likewise, if it is
insufficiently used,. or applied at the wronedecision-leel, its value
will be less than it might be. There are two-kinds of things that.might
stand in the way of effective use of SOM or of any similar model. These
maybe roughly classified as features of the model itself, and those of
the environment in'which it functions. The most effective models, of
course, are likely to be those ip which there is a good fit" between
these two sets of characteristics:

23. The features that the model needs in order to be minimally equipped"
for successful opera'tiont have already been'suggested in the evaluative
comments earlier'in this paper. If the model adequately meets the con-
ditions listed there, it may gain.the acceptanCe of operational people.
Without that, it can have little role in the operation, control and
future revision of the educational system it was designed to represent
and to benefit. Further,,the-complexity of the situations the model
representd, and of the results it produces, emphasises the importance,
of clear'Usplays of those results, and of the use R; grail cal and
pictorial formb of presentation, whenever-possible.'

24. The other side of the story is the opportunities the environment
offers the model for successful operation. This is a complex and

be reviewed below in terms of: the availability
and nature of data; administrative acceptance and use (or rather lack
of it); and the cost of creating and operating the model.

*

25. The British Case, Study presented by the Technical Report, illus-
trates the extent of problems arising from shortage of statistical data.
The shortcuts, estimates and other compromises explained there were
necebsary and appropriate; approximate treatment being far.better than
none. But if this sort of problem with data existsin the United Kingdom, ,

what form must it take in countries where, the educational system is lass'
well established? What are the minimal conditions on data if a model .

such as SOM is to be of value? 'What can be doneto satisfy these minimal
conditions, and what will be the cost?

26. It is also interesting in the British Case Study that 1966-67 was
the,most recent feasible base year for the calculations. Further, the
development of transition coefficients and units -costs is very tricky
in practice, and requires a high level of accountancy to avoid, results
that are deluding. The Technical Report mentions briefly the patching
together of ill-fitting categories of -data. That is another intriguing
technical issue. How does it work out in practice? .

27-. The above are by guesses as to the statistical issues. I should
like to hear from the users of 80M what problems they have in fact
discovered in their experience with gatherina:input data - its mail-
ability, currency, accuracy:, and what kinds of surrogates 'it was possible
to find in its absence.'What attempt yab made to estimate or borrow
difficult-to-obtain data from related situations?

>o0

28. All in all,.therefore, this application of an. altogether simple
model, which SOM in fact is, illustrates well how complicated is the
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1.

Situation which It models, even when limited to pre ly qUantitative
considerations. 1

29. The use of this kind of model by administrators is a topic on which
I have'little experience or knowledge. My guess in general isthat it 7
will be difficult to get administrators to use it, for two reasons.

-Firstly, they are likely to be suspicious of a tool they,do not unaer-
stand, especially when it is meant to influence them in decisions which
'they themselves must later defend. Secondly, they are likely to be too
busy to use it fully. The first restriction might be overcome through
education.of administrators, though promotion of technical tools to a
non-technical audience can be.a lengthy job. The second &ifficulty will
likely always be with us, but might be relieved by better communication
between technician and administrator.

30. The problems witn regard to administration are well illustrated by
the United States, where there are upwards of ten thousand "ministries
of education", each dolng its own planning within some very general
constraints set by the state and federal governments. If models of the
educational system are to be fully useful here, they mu::_t reach from
the national and state levels to these smaller decision-making units.
This implies a need for models that are simple, small of scale,:clearly
'presented and easy to understand, and which offer inexpensive results.
The programming and computation might be done at some central point,

,but the models need to be of a kini that can bq used conveniently at
the local level. Perhaps this is a problem pecAliar.to the United States.
But i think its resolution might be useful in other contexts as well.

31. A final comment on application-relates to cost." More needs to be
known about the expenditure of time, skills and money ne-aded to create,
test and .put into ogeration a model like SOM. This again suggeits the
need for models of moderate size, so th.t cost will be sufficiently
commensurate with usefilness that educational 'decision-makers will be
encouraged to use these models. SOM 4alikes a stel, in this direction, by .

allowing many of itsparts to be bypassed or condensed. But surely much
remains to be done'in the direction of economy.

. 1. Some Possibilities for Application

32. Once the somewhat mechanical problems introduced above are resolired,
uses for models of the educational system come readily to mind. Many of
these uses are suggested by the Technical Report, such as estimates and
projections tof the need for, school places, teachers, supplies'and equip-
ment, and funds for operation and investment. A somewhat hopeful look
i5to the future of, iimulat.ion models suggests they might also ?.id our
overall understanding of the eddcational system, in terms of itp per-
formance and its costs. If, we could relate curriculum ana other measures
of instructional quality to transition coefficients (and to other

# measures of raw output), we might be led to useful insights. Up to now
it has not been possible-to comprehend at one time the full scope of
the educational system - from classrom to curriculum to budget. These
things are as 3ret very little Understobd, despite all the attention that
has recently been paid them. Simulation models alone are not going to
provide, that understanding-. But they might be the experimental tool that
will enable us to explore the problem.

- 107-
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IV. MORE SPECIFIC COMMENTS

33. The hopeful speculations of the previous pages can only come to .

pass if,specific models are developedtested, applied and improved
upon. That means a great deal of detailed and painstaking work, of which .

SOM is one example. It is thus appropriate to conclude with some criti-
cal comments on the details of SOM itself. These will be of two kinds:
(i) relating to the Technical Report itself; and (ii)'relating to the
model as it is reflected in the Technical Report.

1. Critique of the Technical Report

34. The report as a whole states its case clearly, though somewhat
sketchily because of limitations of space. In parts, however, particu-
larly in the appendices, it shows strong evidence of multiple authorship,
so that the reader is forced to adapt himself to changes in notation as
he goes from appendix to appendix.

35o The descriptive material of the-first page; in attempting to be
brief, is often also confusing. An example is the description of struc-
ture of the modelled system (pp.9-11), which could s(rely be improved
both in clarity and correctness.

36. In parts, for example the bottom lines of-page 34, there are
inconsistencies that suggest the authors diellot put on paper precisely
what they meant to say. I interpret these flaws as being in the presen-
tatiOn,not in the model, but it is not possible to be sure of this.

37. The flow charts would be more valuable if they were more detailed.
It would be helpful-to havlOhree glossaries of terminology: (i) Fortran
names; (ii)tabprogramme nes with brief identifying descriptions; and
(iii) names and brief desgyiA;tions of the available outprints.

38. In discussion of investment costs on page 103, more attention should
'be paid to the cumulative costs through time, since it is(these that will
be meaningful for comparison among alternative investment progtammes.

2: Some Technical Points Relating_to the SOM Model

.a) On page 26 and elsewhere, "smoothness" is given as a criterion.
HoW does one measure "smoothness"? Similarly, on page 32, how
in line is "in line"?

4b) Page 39, are repeaters,in the restricted unit inCludedin the
demand for places in it?

c) It' s unclear hoig the case of increased,restricted unit
capacity is in fact handled.

d) Perhaps it is not important to the results, but the treatment
of marginal restricted units troubles me. ly this Imean those
units which are restricted only after overflow from other
restricted units starts coming in to them.-It would their seem
to matter in which order the. restricted units are consideted.*

1
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4--
e) Vicinity of page 52, when dealing with investment in space and

large scale equipment for an indiVidUal school, the induced
cost may be so "lumpy" with respect, to the number of pupils
served that a linear relationship is not adequate. A related
issue is utilization of existing space, and variations and
limitations on room sizes. Has anything been done to allow for
these annoying practicalities?

f) Page 55, development of unit costs like CURSP in an effective
and, concise manner can be a tricky business.

g) Pages 96 and 102 (bottom paragraph in each case), here is the
"lumpiness" problem again.'On page 102, for example4 under-
utilisatiOn will indbed diminish as the school-leaving age is
raised; for a wHile. But aftera point, 'new teachers and space
will needed'. This point needs to be identified and taken
intoraccount.

h) Page 96, I have trouble understanding so large a discrepancy
between observed and oomputed teacher stock.

. i) Page 100, why do- only the upper three forms undergo changes
due to trende in the transition coefficients? I should think
they all would.
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I. INTRODUCTION

'There have been numerous attempts to produce highly
/educational models.in.terms of computer programmes. As
that many of these attempt's have been abortive, we mud
gratulating the team responsible for.SOM on their ach
suit of generality in educational models does not yr
able theoretical problems but we know from experienc
arduous and exacting.

lexible
e suspects

begin by con-
eveffat. The pur-
sent very fdrmid-
that the task is

The main virtue of SOM is that it consolidate and improves upon
earlier work. Previously the ground covered by SO has been treated in
stages rather than in one connected sequence. Fiv: years ago, the
emphasis was heavily on models of the stocks and lows of students and
teachers through the system. Since'then it has b come the practice to
assess the cost implications, if not the full resource consequences,
of (at least) those projections which were deemed to be of interest.
For a long time too, it has been the practice to assess the implications
for the demand and supply of teachers of any new projections-of student
numbers. There shouldbe a gain in having these previously separate
calculatimis connected up in the same computer run: apart from the
convenience of having the calculations done together, the link-up will
encourage a broader view and discourage the former piecemeal approach.
The second gain feature of SOM which I find virtuous, is that it con-
tains a treatment of bottlehecks,(i.e. restricted units). At one time
there appeared to be a conspiracy either to. deny that bottlenecks
existed or to ignore them because of the matEematical complications
which they introduced. Although, the treatment here cari fairly be de-
scribed ae rudimentary, it is another welcome step forward that bottle-,
necks are confronted and not avoided in'SOM. The third main virtue of
SOM lies In the facility with which alternatives can be examined, not
only in separate computer runs but to some extent within the same cal-
culations.

II. POSSIBLE APPLICATIONS

The breadth and generality of SOM,is such thlat it can and should
be widely used in diverse contexts. The present' rate of change in most
educational systems is so great that the exploration of possible deve-
lopments could be phrased in:innumerable models. This is certainly true'
in Britain (or more precisely, England and Wales), as can readily be
seen by looking at just one sector, secondary education. Already the
prociss of the reorganisation of secondary education is well advanced.
Only 2 per cent of secondary schools were comprehensive in 1960 whereas
they now comprise 15 per cent and are still increasing rapidly. Though
less visible, there is also much curriculum development and a tendency
towards later specialisation which May be accelerated in two years time
when the school leaving age is raised to 16. There is the more distant
prospect of a reform of the examination system though the form of the
new system has not yet been decided. The repercussions which could follow
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' from these and other envisaged developments raise a host of questions
that could bdlexplored in a variety of appropriate models. Given time,
it would seem possible to devise an atlas of pdssible applications of
the SOM model in the British context, and, no doubt, this is true of
all the other Member countries of OECD. However, ram confident enough
of the usefulness of SOM to'feel that this is an unnecessary and rather
academic task: Without the motivation of purpose, only illustrative and
superficial models are likely to be devised (see Chapter 2 of reference
2): with motivation, it is not an easy task to devise models which the
builder feels are 'meaningful' or satisfactory in terms of his purpose.
I propose only to develop one sub-model, partly for use in later
criticisms and the, discussion On f ture uses of models.

This is a flow sub-model whi as in SOM could be linked to
resource, teacher supply and teacher comparison sub-models. It is drawn
from our recent work which has been concentrated on the secondary school
system, that is the point at which students are free to leave the edu-
cation system but some proceed to'highereducation:

Various aspects of the flow sub-model are described in Figures 1,
2 and 3. Some further comment is necessary. In the past our model de-
scrIptions have mainly been in terms of age, though progress through the
system is'not simply determined by age. From the educational point of
view, further progress is dependent upon the.level of actuievement so
far so'that.the 16-year-old who has taken his '0' level examination
behaves differently from the 16-year-old who has not. Numbers of passes
in the ordinary ('0') and in the advanced ('A') level examinations are
necessary for entry to the sixth form and to higher education respectively.
This is the basis of Figure 2 and it will be noted that we are no longer
'concerned with age once the '0' level 'cohort' has been formed. Since
there is much concern with thalmplications for the provision of faculty
places in higher education and, later, for qualified manpower, of such
phenomena as 'swings' away frOM science in the.sixth'form, the third
aspect of subject choice has been introduced as in Figure 3. The possi-
bilities Of more detailed sub-models along these lines are suggested by
referencs 3 and 4. For some purposes, the greater detail introduced
into the secondary school sub-model would need to be matched by a com-
parable degree of detail in a tertiary education sub-model, e.g. in the
form of university faculties, etc.

III. WARNINGS

.SOM iS a computer prOgramme package ready for use by anyone who
takes the trouble to assimilate'its specifications. Providing that the
model-builder does this properly, he will find that much of the solid I

work needed to get a model running has been done for him. However, this
does not mean that his task has been rendered simple and easy. Two of
the-most difficult aspects of model construction are not stressed in
the report. These are not so, much criticisms of SOM as warnings to
potential model-builders. Anyone who has had a little experience of
model-building will be aware of these difficulties and these warnings
will be unnecessary. They are most importaTit for anyone embarking, on
model applications for the first time.

7_
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I.

Figure 3

SUBJECT .VIEW OF THE FLOW SUB-MODEL

SIXTH FORM 'A' LEVEL GkOUPS

'A'
Science

coursesv,

'A
Mixed

courses

'A"
Nop-science

courses

A.

I-

Scienit with mathematics

'Science without mathematics

Science-cum-Social Studies

sciencecum-Art.

Scien.cecurnArtcumSocial Studies

Social Sciences

..Social SciericescumArts

Arts

No 'A" level passes
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The first of these problems cone
The starting point of SOM is that you
cription of the educational system as a
with interconnections. The problem of m
precedes pressing the SOM buttpn, is by
do not remain fixed. At the present time
to get the appearance of sixth form colieg
the school leaving age, the way will be op
and senior secondary schools or other forms
situation is similar in tertiary education w
on the changing functiOns of the universitie
other further education establishments and th
such as 'polyversities'. In both ardas there i
tutional transformation which, clearly, should
construction of any model. It is a mistake, I t
model in terms of rigid structures where change
changing transition proportions between anchangi
In so far as existing institutions disappear, as m
secondary modern and maintained grammar schools, i
comprehensivisation is carried out, -this may be a
appropriate sets of transition proportions tend' to
new structural forms are expected tb appear, the spe
model must pre-state when this will happen and provid
new transition proportions introduced into the system
simulation model of some generality, SOM should pe abl
structural change assuming the user has a sound concept
of his model at the outset.

The second warning concerns the values'of the transition proportions.t
The innocent procedure is to look at past values of the proportions and
extrapolate them into the future. For example in the sub-model described
above, the time series for: the transitio proportion of 14 -year -old boys
staying on to age.15 in grammar and technical schools has,b en:

erns the structure of the model.
have already decided on a des-

number of 'boxes' or 'units'
aking this description, which
no means trivial for structures
in Britain, we are beginning
es and, with the raising of
en to the evolution of junior
of reorganisation. The
ith a debate in progress
s, :the polytechnics and
ere is talk of new hybrids
s the prospect of insti-
be allowed for in the
hink, to conceive of the
is entirely produced by
ng types of institutions.

ay be the case with
f the process of total
chieved by making
ero over time. If
eification of the
e values of any
As a time-step:
e to-cope with
ion of the nature

1964 1965 196,6 1967. 1968

0.948 0.955 0.936 0.896 0.928

It is no& unusual to find disturbances in such series due to elementary
changes in regulations or even the statistical classification, and though
our feelings mightbe violated by the fluctuation and slightly do ward"
trend towards staying on, this particular series would not appear to be
too suspect. Although disappointed by the absence of a coherent pattern',
in the past values, the determined empiricist might proceed by assuming
that the future value of this proportion should be set at some fixed.
value between 0.9 and 0.95 or that from the 1968 base value, of 0.928 t

would fall each year by, say, 0.01. In interpreting past data,"howeveY
we need to be highly sensitive and to make use.of any other knowledge
of the education system that we possess. Almost certainly this particular .

transition proportion has been depres,ed over time because the'statistics
do not reveal the transfers out of grammar and technical schools due 'to
comprehensive reorganisation. It is possible to make a crude ,"correction'
by arguing that when grammar schools are absorbed into comprehensive
schemes, all the children in those schools, whatever their age, are
affected. Since they are below school leaving age, the transition pro-
portions for 13-year-olds staying on to age 14 in grammar and technical
schools should be unity, whereas they have been:

. - 120 -
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1964 1965 1966 1967 1968

0.990 0.990 0.969 0.927 0.956

By scaling these proportions up to unity to get a correction i.ector fof
each year apd by using these factors on the other age groips, the
'correeted' time series for the 14-year-old boys staying on to age 15
in grammar and technical schools becomes:

1964 1965 1966 1967 1968

0.958 0,964 0:966 0.967 0.971

It may be that'the smoothness of this corrected series is spurious, but
it is definitely more appealing. Though it cannot be confirmed for want,
of precise information,' it would appear to provide a betterobasis for
assuming future values of the proportiort.

The point of tnis warning is that we do not always have the statis-
tics that we would wish and that we have to make do with statistics
which should not be trusted too much on their face value. Even where a
relatively long time series *is available, the statistics can be under-
mined byedisturbances in the'system which may be difficult to detect.
When they can be.detected, we are often left with very short 'Valid'
series. Assumptions about futUre values.of the transition proportions
should not be made mechanically but call for great vigilance and
jUdgement.

IV. COMMENT kND CRITICISMS

In this section I would like to make a few separate comments on
"SOM. Furthr criticisms, perhaps more significant, will be implied, by
the 'discussion On the future use of educational models in the final
section.

1. The demand and supply of teachers

It would seem from the de1scriptioi that this part of the
exercise bears considerable similarity with the teacher demand
and supply calculations that have'been carried out in England and

0 dales for a number of years(5),(6). The criticisms(7),CS, made-
cfthese calculations are probably applicable in the case of SOM.
I would particularly draw attention to the observatipn that the
demand.fgr teachers is not measured in the economist's sense.
'that is measured is the supply needed on certain assumptions of:
staffing ratios and class sizes. In Britain, pupil-teacher ratios
were adopted which were intended to diminue the number of'classeS
of over-40 in primary schools and over-30, in secondary schools.
In practice it has been found that additional teachers have not
always been used to reduce class size and recent experienc'e 'has
thrdwn doubt on... the practicability of equating any particular
pupil-teacher r7itio with a particular limit of 'classsizet(6).
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The teacher comparison sub -model strikes a simple balance
between fdemand',and supply. Zn more sophl,sticated applications,
it may be necessary to permit the changing state of teacher sup-
ply.to have feedback effects on the transition proportions deter-
mining students progress and, in particular, their aspirations
,to become teachers.

If a full manpower 'planning mod el(9),(10) is required, it
will be necessarY to up -date teacher age distributions and this
has not been don in SOM. I wonder if it would be difficult tto
dap SOM for this.-purpose?

2. Restricted entry in the flow sub -model

It seems to me that assumption (a) (page 13) is too severe
and that it is a dangerous misconception to think that units
cease to be restricted if the.supply sometimes exceeds the demand.
It is surely not an acceptable assumption that there are pdints
in the system where we must be permanently reconciled to an excess
of demand over supply. A proper. definition of,a restricted entry
unit seems to me to be any entry point at which the number of
places is subject to constraint. It may be that sometimes there
will be e. shortage of places and that at other times places will
be unfilled. Part of%the measure of good planning will be the
extent to which demand is refuesfatind the extent to which resources
are not utilised.

Assu6iptions (d) and/ e) (page-13) May also need to be 'telexed.
Cledly they are primarily made for computational convenience,
though, in both cedes, it could be argued that the assumptions
were reasonable first approximations. It would appear desirable,
that further developments of SOM should:

(i).take &ccount of the fact that rejected students may not
be a representative sample of students from unit J and
should not be redistributed in proportion to the original
transition coefficients to the remaining open units,(e.g.
students rejected for university places may show a greater
inclination to be repeaters, in the last year of secondary.
school);

(ii) permit discrimin ation between competing source units
, where there is a shortage of places.

3. The ap plication study

This example serves its purpose in demonstrating the use of
, SOM. However it is worth making some critical comments whol.ch do
not undermine its illustrative function.

As is stated in the conclusions (page 31) the future school -

population may have, been overestimated by assuming that students
'forced' to stay on behave like those who previbpsiy stayed on
voluntarily, and underestpated by assuming that those who stay
bn voluntarily are subject only to present trends and do not have
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further reaction 'in order to keep up their "educational
differential". Again we are,in a situation where thessumptions
made are those which can most readily be accommodated by the
model,. but are not necessarily satisfactory. It is possible to
attempt compensating effects in both cases as we have done else-
where(2.) (in another purely illustrative, example)., For-example,
the transition proportion for the 'forced' students aged 16 not
staying on t 17 could lie (there being no past evidence) any-
where in the range from zero to the value of the comparable
transition IS oportion for the''voluntary' students. We can, of
course, assume a value which is some fraction, k (0< k< 1) along'
this range and it would be of considerable interest to investigate
how the decision on timing the raising of the school-leaving age
would be affected by taking different values of 1. This approach,
however, is also unlikely to be satisfactory because we do not
expect the decision to stay on to depend solely on age. This, was
.one of the reasons for the.sub-model described in section 2 above,
and a quite different treatment of raising the school-leaving age
is possible in this case. The Robbins Report pointed but that
raising the school-leaving age to.16 would mean that all pupils
you'd stay, at school until the year when '0'- levels are, notkally
,teken and that: 'The .extra effort required in order to obtain.a
useful qualification Would thus be reduced. It is,- in any case
likely that a raising of the school-leaving Age will have a con-
siderable upward effect on the trend to stay on into the sixth
fort1(11). In this model, we liquid have to decide hoj the extra.
yearns schooling could affect the size of the '0' level cohort
and make provision for it to have an 'epidemic' effect on the
desire to stay.on to the sixth form, It would be necessary to
make assumptions about-the proportion who will now attempt '01 ''
levela who would not previously have done so; about the proportion
cf.these students.who are capable of reaching the standard required
'brOxth form entry; and about the proportion of students who,

' .

though eligible for the sixth form'would previously have decided
tb leave school but now, in the changed circumstances, behave
differently. It seems to me that this formUlation is more amenable
to the theories of educationalists and teachers and more responsive
tbihe thinking which lies behind the ra4 ising of the-school-leaving
'age. .,

.
,

k

.

Several Changes-would have to be made for this example to be
elevated to a practical case study. I do not think the study could
be limited to the demand side and other parts of the educational
system would.have td be incldded."The opinion (page 27) that the
adaptatiqn of further eddcation is irrelevant to the timing and N

method of\raising the school-leaving age seems to me to be unrea-
listic. Idoubt whether cases B and C which raise the schbol-

.leaving age in steps over two or three years would be acceptable
to educational administrators and such a view might have to be
accepted as a diktat or constraint. I do not think that 'the
incidence of the changing structure of secondary education' (page
93),can be avoided. Accepting that the - school - leaving age is being
raised as part of a transformation that is already taking place

,

makes the problem much more difficult bUt there is nothing to be
gaiiled by pretending that only one variable is changing at a tide

t - -

SW,SoMe classical experiment. For this example to be raised to
successful practice, one further thing is necessary: an objective
'or Criterion.

%O.:
A
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Some interesting remarks are made (page 26) on the criterion of
choice. A smooth development is thought desirable but 'smoothness'
is not a sufficient criterion for speed of implementation is alsp
involved, and, in the end, no precise criterion is. defined. As
the conclusions (pages 31-32) show, no,amount of reasonable
rhetoric can conceal the :impotence, induced by the want of an
objective.

V. FUTURE DEVELOPMENTS

This final section is concerned with where do we gofrom here?

Apart from the difficulty of dealing with structural change already
mentioned, r believe that one of the outstanding problems is parameter

Ih making descriptions of any system, we are inclined to be
profligate in the Introduction of parameters. While models which have
few parameters because they grossly oversimplify the system- will only
be of limited value, the fewer the parameters and variables the more
penetrating any study of the possible behaviour of the system is likely
to be.

For example, in considering the raising of,the school leaving age,
a model might be constructed in which the transition proportions were
age specifib anddefined for each type of secondary school. If there
were five relevant age groups and five types of school, this would mean
25 transition proportions with assumptions necessary,in each case. Apart
from the fact that there muz,t be some relativity built into these assump-
tions, it would seem to make educational sense to argue.that students
who had not reached the standard suitable for sixth,form'eAtry had a
general propensity to stay on Which was,amplified(or dampened) by a
factor specific to the type of school. It could also be argUed that
pupils who reached the sixth form entry standard could be expected to
behave similarly whatever their age and whatever type of school they,
attend: If the model could be set up in these terms, ;there would only
be seven parameters of ,which two could be regarded as key. The reduction
from 25 to seven par eters could greatly aid the tractability of the
model. It s_eeto- 'a ruthless attack on redundant parameters
would,pa off if the contraction was made on the basis of a true under-
standi of the nature of the educational process.

We need to do more than make technical improvements. Ifeeducational
model-building is to progress as I believe it must, we will have to _

revise our outlook.\'or example, the Technical Report points out that
SON had the property of being 'forward' or 'backward' running. I feel.
that this claim is.a hangover fr.& the days when model-builders were
trying rather desperately to ingratiate themselves to manpower planners.
In the early, crude, deterministic models,.thiareversibility was simply
aOhieved by matrix inversion on the assumption that,all transition proms
portions and inputs could be pre-stated for the entire period of interest.
In the case of more complex' models, it is also necessary to pre-state
the number of places to be provided at every restricted entry unit, and.
revers±bility may no longer be posSible. It seems to me that it is
fatuous to calculate the preSent displacement from the position4compa-
tible with a particular pattern of provision and given targets. With the
present state of the system known, it makes More sense to attempt to
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determine a pattern of provision which reaches given targets. Further-
more, even if models can be made to retain the property of relersibility,
I doubt, whether we should proclaim it to attract would-be manpower
\lanner.s: the days are past when we need to stimulate sectarian approaches.

In the same vein, I feel that we need to be a little more honest
with ourselves when we claim 'computerised models make it-possible to
examine many alternatives and to test the ANnsitivity of results to
uncertainties in input data and 'priorities in the statistical data
collecting.Work can be established'. Though the first claim is true,
it is rare that more than a -few alternatives are examined and, in dis-
playing'alternatives to administrators, I have yet to see a report which
suggests that the uncertainty is Such that these alternatives are indis-

- tinguishable. Most of thementionsof sensitivity.analysis in the
literature are incantations intended to exorcise the spectre of uncer-
tainty. Again, it is true that formulating a model helps to,clarify data
,needs but must we always make it sound as if they will do this even if
they'do nothing else? Knowing what information is needed is, of course,
of paramount importance: nonetheless I tHink it would do no harm to
,play the information Rain doWn for a while and c' regard it more,as a
fringe benefit.

Rain

, I am sure that the team who created,SOM are aware of these, points
and, in view of their just claim that 'it can be of real use'iri a first
exploration of the Consequences and implications of alternatiye educa-
tional strategieso, that they ,are aware of. the naivete of the Whole
conception of 'what-if'sthodels. Attempting to answer 'what will happen
if this?', 'what will happen if that?' (and a'qualifioation-of the type
'other things'being equal should be added) is a sterile exercise in
fantasy. The Hypothetical tone poses the existence neither of any pro-,
blems'nor of any objectives. 'Whati-if' models are not so much 'neutral'
as 'oblivious'. The most that can be claimed for them is that, thdy have f
insight value like toys for management games.

This is, of course, only another way of saying that we must search P
,. out the real problems and rigorously define them. There is a strong

.

' 1 temptation to phrase problems in familiar terms similar to textbook
examples and case studies .of practical applications in industrial and
business situations, even though a little reflection willoveveal signifi-
cant differences from the real educational system. However we are unlikely:
to get very far by pretending that we halls deterministic, linear systems
with linear, or even quadratic, objectives when, in fact, we have a
stochastic, non-linear system and a complexi not to say confused, .

objective. Solving.imaginary problems is at best a hollow success: great
,care in defining the real problems is always worthwhile.

/

b

Inevitably this lead's to'the difficult, but vital question of-the
objectives of the system. We mist overcome our dismay that there is no
clear, agreed, sin le objective and reconcile ourselves to the fact that

'.
one is unlikely to merge. I think'that we most accept and attempt to
liVe with the plura ity of objectives. An attempt to sketch how this
might-be done is setout in Figure 4 where, the objective is shown,; not
as a functiqn to be optimised, but as a collection of performance

,

criteria to be exam ned. Manpower; private and social demand, investment
and cost criteri ve been discussed at Some length in the literature.
4e,b.R.me, added fu her sets of criteria (or constraints) to cover politi-
cal and administra 'iVe aspects and it may well be, that we have overlpoked
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tx



www.manaraa.com

Ns,

C.,

'other important dimensions of the regulatory pro,cess. At present we
wish to adopt the open-minded position of wanting to represent all the
'demands placed upon the educational system (whether they be economic,
Social, political or educational) in the.bix markediflobjectives" in
Figure 4. To begin with there will only be,batteries of statements
under each head. These could take, such forms as:

manpower desired numbers of doctors, teachers, scientists,
technologists... required at different times,
i.e. time-profiles for various forms ofqualified
manpower;

costs budgetary constraints, e.g. educational expendi-
ture must 'not exceed x pen.cent of gross national
product, ceilings for allocations on building
costs, teachers salaries, etc.;

private and
social demand

investment

deSired percentages of the age cohort entering,
higher Olucation, graduating etc.;

L

rates of return for various'forMs of qualified,
manpower;

political equality of opportunity for both sexes and all
social classes;

institutional - restrictions determined by the present forms of
administration and the potential maximum capacity
of existing ihstitutions. ,'

\,

We do notanticipate that any one of these aspects will be
reduAble to an equation which can be maximised or. that additivity can
he established between different aspects. We Ipuld'stress also that not
all the statements made will be quantitative and we Will not, ignore
qualitative, statements. For example, the power of the Universities
Grants Council and'the Vice - Chancellors Committee in, relations between
-the Department of 'Eaucation and the universities and the power of the
Local Education Authbritiws between the D.E.S. and the schools may not
be measurable but it is nonetheless tangi'ple. Again, in,the raising of
the school-leaving age example, ale are told as a starting point in the
SOM report that 'the reform has been found desirable' and this suggests
a political statement of the kind that the leaving age must be raised
to 16 before year t.Without such a statement, none of the other
criteria will necessarily ensue that. such an action is ever executed.

I

(

It is envisaged that the mesh of statements would constituteca
series of filters which could' lead to the rejection of a policy, or,
if all the filters are passed, t6 the recognition of ari acceptable
policy. Of course, it could happen that no policy was found'which
satisfied all statements but this would be of greak interest and would
indicate which criteria were the most important. 'a might then be e
possible to redefine statements more precisely and., to put them into

, 'hard' and 'soft' categories such as ' st not!be violated'., 'may be
violated but notd,esirable'land possib to arrange them into hier-
archies according to their constrictive power.
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. ..

-,,i In Figure 4, arrows have been omitted within the "objectives" box
to avoid suggesting that criteria can be placed in a priority order;

= -,we do not mean'to suggest that manpower criteria are foremost, that
post criteria come next with palitical.criteria least important.
(Indeed it is not always obvioUs under which heading a criteria should
be placed). However, if any, discriminatory power of statements can be
established, this different kind of priority may allow us to search

' ,,through a much increased number of alternative strategies. We have
already-Co nted that, jalthough many alternatives can,in principle,
be scruti ise , the number actually examined severely limited.

. If we want,to m e a full, or at,least'a su xploration of
alternative'polcies, then we will need to d unsatisfactory alter-
natives at :the earliest possible stage by applying strong criteria at
Ahe,first convenient opportunity. This will require that the model
integrates the objective criteria and the 'projection mechanism rather
th n the present implied practice of completing the full projection
b o submitting the policy to tests. This wi4ead us away from the
'SO approach'where the resource and teacher supply models are 'essentially
'supplementary' and will mean sacrificing the attractive prospect of
regarding the sub-models as optional facilities.

Finally it is hardly necessary to point dut,that this scheme
possesses some of the features of a control system but lacks others.
The scheme possesses a projection mechanise which enables possible future
-staes of. the system to be estimated, and a variety of possible actions
ary presumed in the "policy geneePtor". However the fact that the
"dbjectives" are not'resolvedfprevents the;aeterthination of a best
coUrse .of action. At this stage, the scheme ill only lead to the iden-
tification of a number of "acceptable" policies, with no means of
choosAng between them. For the present the best that we can do is to
displgy these alternatives to educational administrators and to learn
froth their comments. It may be that hidden criteria will be revealed

p r
or that criteria already take into

if we can persist with this
account to some extent can be made

More explicit and sharpened.
. learning procedare of'refining criteria, we will eventually be able to
build up what might be called a calculus of objectives.

r ,

a
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INTRODUCTION(1)

A

This report gives an evaluation of "SOM. A Simulation Option
Model of the Educational System" (OECD, 1970. This evanation is

ilk carried out byway of a comparison with'a Dutch educational model,
lirwhich is partly based upon the concept of student flows. .

The first chapter gives a short fqrmal description in mathematical
form of the Dutch educational model. In this stage only technichl
problems of model-building are dealt with. The comparison with SOM
in Chapter' II is likewise restricted to a technical evaluation.

Another, and more important, problem of model-building is connected',
with the question of the possibilities and limitations pf a model.
Chapter III is devoted to this asi3ect and'contains a criticisik of both
SOM and the Dutch educational model. This evaluation provides some
suggestions for further developments in motel- building.

t

(1) I wish to thank R. Ruiter for his valuable and stimulating
suggestions and comments.
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I. A SHORT1. AND MEDIUM -TERM MODEL FOR

THE DUTCH EDUCATIONiL SYSTEM

At the Dutch Central Planning Bureau forecasts in the field of
education are made for inputs (teachers, expenditures), throughputs
(students) and odtputs (skilled manpower). Accordingly three groups
of models can be distinguished: student models, resource models and
manpower models.

A further distinction can be made according to the time sian,Of
the forecasts. 1)etailed. forecasts are made for, the short-term, while
forecasts' using more global methods are preferred for the long-term.
The three submodels presented here can in principle be used for any
time span. The main purpose of the model however, is to produce
forecasts for the short- and medium-term. he complete model consists
of the following equations:

(1.1) dt
=

Rt .p
t-1

(1.2) = 0 .pt_i + gt;.dt + Et.ct

(1.3) nt = S
t
.p

t-1
+ U

t
.d

t

(1.4) zt = V .D
t 't -1

(2.1) 1tsv = 0:1,PRzcpt

Wti t

(2.3) xt = wT.pt

(2.4) x
t

inv
=

winv fl
1f -1)

exinv
nt t -1' t

(2.5) xt = X t1. + Xt + Xt
inv
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(3.1) .At = V, A + Cn N + I
t-1 t t

It

(3.2) Bt = Ft.At

\\, manpower supply model

In the following a formal description is given for each of the submodels,
together with the definitions of the various variables and coefficients.
The way in which forecasts come about is described in Chapter III.

1.1 The student flow model

The model has been built on the basis of the education matrix
(or student flow table) which gives a systematic survey, by type
of school and grade, of student stocks and of all inflows, through-
flows and outflows of students in the educational system.

Statistical-information on student flows is collected by the
Dutch Central Bureau of Statistics(1). For some important flows
(e.g. to university education) statistical series have been pu-
blished since 1930.Education matrices; containing flows by type
of scho61 (but not by grade) are available from 1961 on. Beginning
kn 1967 the student flows are specified by grade for nearly all
types of schools. For the first six years estimates have been made
of various flows by grade so that time series of flow coefficients
are coming into existence.

In the education matrix and the model the two sexes are
treated separately. For every year of the forecasting period all
plementsvf the education matrix are calculated and added up to
student stocks. Further the model estimates the numbers of school
leavers by, educational level, which are an input for the manpoiter
supply model.

The basic equation of the model is extremely simple(2):

= Ot.p.t_i + tt.c
t

in which: p .-,-- a vector of student stocks by type of school
and grade (1 .. j)

0 = -4 matrix of transition coefficients (j x j),
r4presenting repetition, transfer from other

(1)leee e.g. "Overgangen binnen het onderwijs en intrede in/de
maatschappiJ, 1936, 1956 en 1961 1966", Centraal Bureauftropr
de Statistiek, The Hague, 1967, and "A modern system of
educational statistics: the matrixr-method", J. de Bruyn,
The Hague, 1969. /-

(2) For the sake of convenience the matrices presented here are
the transposed form of the original education matrix.

- 138 -
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^6,

t

grades of the same type of school and transfdr
from other types of school

c = a vector of age cohorts, to which new entrants
can belong (1 .. h)

= a matrix of entrance coefficients (j x h)'

The first term stands for the flows within the educational system.
Each student stock by type of 'school and grade ,in the preceding
year et - 1) is multiplied by the corresponding transition co--
efficients in order to calculate the inflow into eaph grade in
year t. To this is added the numbers Of new entrants into the
educational system (including immigration, restarting-of studies,
etc..) which for every grade are calculated as a fraction of one
or more age-cohorts.

A second -group of results the model produCes is.the numbers
of school leavers to educational level who finish their education
and may join, the labour force:*

(1.2') nt = S
t p t-1

.

in which: n = a vector of school leavers by edUcational
level (1 g)

S = a matrix of 'leaving coefficients, translating
output per grade into output per educational
level (g x

thg outflow resulting from death and emigration is

r

Finally,
calculated by:

(1.3') zt = V .p
t t -1

in which: z
t

= a vector of students died or emigrated between
t-1 and t, by grade (1 .. j)

V = a diagonal matrix withdeath and emigration
coefficients by grade (j x j)

x

his last equation has the function of a check upon the
,consistency of the model, because now all possible flows f;om

pt -1'
the old student stock, have been summed up. Consequently

the total of all flow coefficients froth a certain grade i should
equal unity (see equation 1.5)1w.

4
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S

Graduation
4

Transfer from one type of school to another is generally t

speaking only possible whe a diploma of the type of school
has been obtained. AccordiHgly there are substantial differenc.es.
in the outflow patterns and the changes in it over time for
students with or without diploma.. Moreover within one type of
school more than one type of diploma can 'be obtained with diver-
ging flow patterns.

Ih order to take all this into account the model can be
rewritten as follows:

(1.1) dt = R p
t t. t .

/

(1.2) pt = Ot.pt-1 + Qi.dt + Et.ct

(1%3)
11t

= S
t'Pt-1

+ Ut.dt

zt . VtPt-1

4

in which: d = a vector with the numbers of diplomas obtained .

R =

(1 .. k).

a matrix of graduation coefficients, showing the
fraction of students per grade obtaining a diploma
(k x j)

Q = . a matrix of'trs.nsfer coefficients to grad .i'per
.diploma x-k)

= a matrix of leaving diploma by
educational level (g x k)

In "graph 1 a schematic presentation is given of the matrices
appearing in the above model. The dimensions have been taken from
the application of the model.to the whole educational system, in
which we distinguish 38 different types of schools with altogether
163 grades (j = 163) and 41 kinds of diplomas (k = 41. In equation
2 the age cohorts are shown (h = 20) and in equation 3 the output
is specified by educational level (g = From the diagrawit
will become clear that a very detailed specification.of grades
and flows is obtainable within this system.

In the model only the inflows into the categories dt,pt,nt,

and z
t
are described. An essential aspect however is that all

outflows from pt.aand from dt are taken into account. Therefore,

for every grade i reap. for every diploma f the folloWing equality

should hold:

/(7
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1. GRADUATION

dt

{41-

, k

2. STUDENT. POCKS

pt Ot:. pt., + Qt. dt+ Et.ct

pt.

Graph 1

STUDENT FLOW MODEL
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r
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At r. St pt_14 Ut dt
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(transfer)

19-

+ -(graduation) + (leaving) -t,(death)

(1.5) (oil + . . oij) + (ril + . rik) + (sil + . . sig) +01i =.1.

(transfer) , + (leaving)

(1.6) (clfl (Ifi) (ufl ufg) = 1

dther words, looking at graph 1, the four columns contain-
ing outflow coefficients from grade i, namely in, R,O,S
and V, should -add up :to unity. The same applies to' the two columns
containing outflow coefficients from diploma f, namely in matrices
Q and U. With ,this a complete description is given of,the,model
when constant coefficients are used.

4

Changing coefficients
4 i

Most of the coefficients however show a certain development
in time.'This phenomenon should be taken into account when fore-
casts or simulation exercises are made. The mossimpie hypothesis
is that of a linear development. In that case for every coefficient
matrix the following calculation is made:-

0
t

0
t-1

+ dO

Instead of'constructing'every year,a new matrix Ot, only

two matrices have to be estimated, namely one for the base year '

and one - constant - matrix with yearly changes in coefficients.

In the same way the matrices'Et, Qt, Et, St, Ut and Vt are

calculated year by year.

The advantage of this procedure is that the condition,
stipulated in equations (1.5) and (1.6) can very easily be ful-
filled. For this it'is sufficient that the total of the corres-
ponding changes in the coefficients equals zero.

In this way justice is explicitly done to the necessity that
a change in one coefficient always implies a corresponding change
in one or more other coefficients.

The changes in coefficients (do, etc.) need not necessarily

b., constant in time.,Apart from tht:linear development of
coefficients ot0er time paths can be built in, such as an
exponential deyelopment or an expected irregular variation of
coefficients in time. Further, an upper or lower boundary can be
indicated. These complications do not, affect the essential ,

',features of the model.
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4

1.'2 The resource model

Although the resource mode]: presented here &f used for fore-
casting educational expenditures on the short- and middle-term,
the degree of specification is rather crude. The underlying reason
is the paucity of stgti6tioal material. Statistical, information
er type of school is only given with a breakdown to:

s.

4 .

- personnel expenditures,-

- other current sOma.teriai ,eixpenditures, and

- capital expenditikes. ,

Therefore he model4las been keiit as simple as pobsike,
using at the sam time the maximum quantity of aVailable statis-
tical information.

(2.1) 1
t

= LPRtPt

(2.2) xt = 1w.
t t

(2.3) xm = wt .pt`t t

xi.lottv winv (1
t t t-

(2.5) xt
xl

at
,int v

t

+ exinv
t-

-, Azir

in which: 1 = a vector"of teachers, including auxiliary
personnel; by type of school, expressed in
full-tiwd equivalents (1 . . j)

LPR = a diagonal matrix with teacher-pupil ratios per
type of school (j x j)

. -

1 m inv
x ,x ,x ,x * vectors of.expenditures for education,:

personnel, material, capital and total.expenditurest
by type of schobl (1 . . J)

1px mwinv
= matrices of dnit costs, per type of school (j x j)

,

ex
inv

= a vector of exogeneously determined (replacement)
investments'by type of echool$(1 . . j)

-'143 -
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c

W.

"e

c, Personnel expenditures
ti

Starting point of the model .vis the estimate of student num-
bers made by the student flow model, which are added up for the
two sexes and the grades to total numbers pertype of school.
The- coefficient, LPR is the reciproke of the expected.mean pupil-

- teacher ratio which depends on three factors: class size, the
number of teachink,hours per claps and the number of working hours
per full-time teacher devotdd to pure teaching. Ideally the model
would treat these, factors more explicitly as at the background of
each lie a host of other variables. In as far as information on
these factors is available it is used here as random information
foran exogeneous estimate of LPR and the trend in this coefficient.

It should be noted that LPR represents,the expected ratio,
-.- which teams that i.a. class size can besub-optimal when a shol-

age.of teachers is expected. This can be concluded from a com-
parison between supply of and demand for skilledmanpower.

The number of teachers, 1, are not specified by the teachers'
educational background, though salaries are dependent on this
factor too. If sufficient reliable information would be available,
it would be possible to fill in this information in equations(2.1)
and (2.2):, Then 1, LPR, and W1 would become matrices of tie order
(g x j),specifying both .educational level and type of schoo.

Other current,expenditures

Under this heading come so-called material expenditurea,
representinginputs frot other sectors of the economy, other than
investments, such as normal Upkeep of buildings; equipment and 4

furniture; gas, electricity and watpr; cleaning; administration;
libraries; etc. Here a simple relation with the numbars of students
is used whefe Wm presents unit costs per student. .

Capital expenditures A
'

Investments in educational buildings are divided into two
groups: ti

a% expansion in order to create places for the growing
numbers of students and to make possible the execution
of policytteasures which require additional school
capacity (i.a. a loweiint of the pupil-teacher ratio);

9' .

b ....

. b. replacement of obsolete capacity, including the improve-
. went of thequality of existing schools.

An additional category is,regional replacement in e -

connection with the drift of families from the old towns
to the new suburbs. This meansthat idle capacity arises
in the old,towns, so that total capacity is not expanded.
In equation (2.4) (lt - lt.-l) gives an approximation for

the first category, while replacement is determined
\ exogenebusly; Winv stands for capital expenditures per

`additional teacher.

144
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1.3 The manpower supply model

Education can be considered to. rpduce various types of
benefits. From an economic point of,view the output of the,edu-
cational system consists of the training individuals have under-
gone and which they can utilize, in their professional life.

In the, student flow model the output nt was estimated for
both sexes by educatiOnal level.The entry into the labour force
wad the resulting total stock of trained manpower is calculated
for male and female seParately,as follOws: (1)

(3.1) At = V' A + Cn
'
N + IAt-1 t t

It

(3.2) Bt = F .
t
At

in which:, A = a matrix with numbers of educ ed individuals
by age-(1 . . h) andr-educationl, level (1 . g)

V' =. -a sub-diagonal matrix /1)f supvival rates ,(h x
f s

N = a diagonal matrix of school-leaVers (g x g)
-

an = a matrix containing'ihe age\distribution
(1 . . h) of school,leavers by educational
level-(h x g)

I = a matrix of net immigration by age and educe«
'tional level (h x g)

.,, B = a matrix of the labour force by age and educe-
Re tional' level (h x g) ,

F = a 'diagonal matrix of participhtion rates by
age (h x h). .

The first term of eq4tion (3.1) calculates what numbers of
-last years stock of educated will survive and yin ,be available
this year. Differences in survival rates between educational
leVels seem to be negligible.so that the mathematically more
attractive approach.of one set of survival rates is not too ;

unrealistic. In making this calculat4p it is at the same time
taken into account that everybody ie going to belong"to the next
higher age group. This is done by the special way in=which matrix
V' is builit up: except.for.the-sub-diagonal, containing the
coefficients

2'
v2i ,1,3 . , vh,h-1 -, all elements ere zero: (

,

In a schematic form the procedure runs as follows:

(1) In practice the effects of part -time education are Included
by an extension of equation (3.1).

0- '
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0 0 0 0

v, 0 0 b

s)
2

0 0

0 0 vi 0

A A
11 12" 1c"3

' A
'21 A22 23

A31 A32 A33

0 0 0

A
21

A
22

A
2

A31 A32.4.33

hl h2 '131 2 3

The oldest age group (Au.- Ah3) passes the age-limit and
disappears after multiplidation with zeros. The youngest age
group (A11 - A13) becomes the next-youngest and is filled in on

4the second row. The first /,w will be filled by part of the nek-
comera (n).

In the second term this output of the educat6ional system is
given an age distribution.by educational level after which it is
added.to the existing stock.

'Lastly net immigration is treated as an exogeneous variable
which is supposed to be known by age and educational level. This
approach is preferred to a direct relation with the existing
stock for various reasons. The most important reason is that in
the Netherlands immigration of manpower with a relatively low
educational level is an instrument of manpower policy.

In a Complete forecasting model net immigration could at
g least partly be made endogeneous, namely by relating, it to the

outcome of a comparison between supply and demand by educational
level.

The coefficients in matrices V' and e are supposed to vary
over time. Ohames of these coefficients will, however, be 1
extremely small, so that this problem only exists in longer term;
forecasts. 4

,Equation (3,21 is an extension of the manpower supply equation
appearing in the general model of the Central planning Bureau.

In this.presentation the same participation rates are indicated
for each eduoational level. In fact, however, especially for women,_
these rates are 'highest for the highest educational levels. In
praOtice therefore matrix F is constructed with participation
rates by age and educational level (h x g) and matricee F and A
are multiplied element by element. It will.be clear that the
total stock B per age group should correspond with the outcome
of the general econdmic model.

\

1.4 Technical aspects of the model

A final remark can.be made about the manner in which the
computations are organised., It will be clear that an application
of the model, and especially of the student flow model with its
large numbers of coefficients would nearly be impossiblA without
he aid_of a computer. Even when a computer is available problems

may arise from limited memory capacity if one wishes to distinguish
too many types of schools and grades.
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The computer currently used for this model is a Philips
Electrologica X-8, with a maximum capacity of 17,500 numbers.
Thus it was not possible to programme a direct matrix multipli-
cation as indicated in equation (1.2) with an (0) matrix of
163 x 163 elements. Of these nearly 27,000 elements only about
1,000 are non-zero. Therefore the.solution.,,had to be sought'in
an efficient use of the large number of zeib elements. In the
computer programme a "boolean" matrix is read in for each of the .

matrices of the model,Aindicating on what places of the original
matrix non-zero elements appear(1).

By this procedure only a minimal use is made of computer
memory space. A 163 x 163 mat*x:with 1,000-non-zero elements
needs the memory space of only 1,500 umber (1,000 coefficients
plus 500 numbers for the boolean matrix).

In this way computer capacity'is no real bottleneck'for the
application of a student flow model, however detailed one may
wish to make it.

II. A COMPARISON OF 'SOM WITH THiDUTCH EDUCATIONAL MODEL

The following paragraphs are more specifically devoted to
the OECD technical report "SOM A Simulation Model of the
Educational System". This is mainly done by comparing the sub-
models of SOM.with those of the Dutch model. Further soma
remarks will be made about specific attributes of SOM.

.2.1 The flow submodel

In line with the Dutch model the flow submodel could be
reduced to one equation, namely:

(4.1) pt = Ot Evot

In SOM this simple piece of arithmetic is complicated in
various ways:

a. First the educational system has been broken down to
5 levels. Within a level there may be a flow from each
unit to any of the other units. Further if there is a
flow from any unit to a unit in a higher level, this
unit is repeated when calculations for the higher level
are made. This complication is not made for theoretical
or efficiency reasons, but on technical grounds only.

b. The same applies to the maximum diet to the number of
units within one level. For the Dutch educational matrix
with its 163 grades, a maximum -of 5 levels with 40 units

(1) This idea originates from and has been,worked owt,by
A:A. van der Giessen, mathematician at the Central Planning
Bureau.
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4,

',each would mean much pinch and scrape to ess it into
this framework.

c.' The number of students within one level must not exceed
20,000. In a small country like the Netherlands, in more
than 20 out 4f 163 grades this number is surpasbed, which

a means that many coefficients have to be-raised or reduced
by a factor 10 or 100. Thus the very useful consistency-1
check of equa'tion (1.5) can hardly be appl2ed here.

These remarks do ,not contain any criticism of the programming
IN Cork done for SOM, because much inventiveness is shown.

,J Ln general, however, limited 'computer memory space'cannot be
fOr restrictions to the application of'a model.

In the first place pore elegant solutions are possible. An example
has teen given in paragraph 1.4 where it was shown that by using a
boolean matrix nearly all memory space needed for zero elements ,

can,be saved. In the second place it is no longer necessary nowa-
daysto woNk with too small computers. In this connection it may

; be mentioned that the (Dutch) Central Plppning Bureau is going to
bake use of a giant Univac computer, situated in London, with which
it is connected by terminal. Keeping this technical possibility
in mind it seems r her absurd that for the application of SOM
to the United Kingdom a limitedvcapacity computer was used.

Turning to the model itself, a main difference is that gatiE7
atioh is not explicitly dealt with. There are, however essential
differences in,the'flow patterns of graduated and non-graduated,
students. When coefficients are kept constant in,time the two
approaches are the same. With changing coefficients, however, pro-
blems may arise.from diverging developments of the two categories.
Therefore preference should be given to the splitting -up of.
eqVation (1.1') into the two equations (1.1) and (1.2) as pre-
sented in paragraph 1.1:

A furthe difference with the Dutch model is the, way in which
school, leavers re define . In SOM everybody leaving the edu-
cational,system is \put together under this heading. No distinction
is made between thobe who finish their education and can be ex-
pected to join the labour.force (n) on the one hand, and deeds.
and emigration (z) on theother hand. Thus:

(4'. 3) rtn*4- St pt-1.t S.

In this way a direct link with.a manpower supply model is hard to
make, as first the component parts n and z have to be separated.
In,fact, in the teacher supply submodel pail of the- 'student flow
suhmodel'hed to be repeated in order to find the output (n).

One, of the good features of SOM.is the inclusion of
restricted enta. This possibility is not dealt with in the Dutch
model, as it is not an acute problem in the Netherlands. (In any
case entry is not openly restricted). Still some remarks could be
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made on the assumptions d) and e) on page 39., Proportionality of
redistribution of those not admitted (d) and proportionality of
admittance (e) are not very realistic assumptions, which make the
model less general than desirable.'

2.2 The resource submodel

The resource submodel has been constructed in order to pro-
duce forecasts of cost implications of educational development.
This goal can be considered a rather narrow one in comparison
with that of the Dutch model, with which forecasts of expenditures
are made. In every country budgetary (and manpower) constraints
are responsible for the existence of a gap between what is desir-
able (requirements) and what is attainable (expenditures). There-
fore an expenditure forecast has more realistic value than a
resource requirements forecast, which does not indicate what will
really happen.

For example at first sight it is not clear why current costs
for teachers aredetermined in the model by the numbers of teachers
needed; and.not by the numbers of teachers calculated in the teacher
comparison submodel: This is, however, acceptable in a resource
requirements model, though one may wonder what the salary costs
are of teachers who are not available.

In the folloldng some critical remarks will be made bn the
submodel given the existing goal. Suggestions for the extension
of the model into an-expenditure model will be given in. Chapter

Ay fn. A

In genels.1 the model gives'a good description of the factors
that determine the need for resources in education. The distinction
made bdtween direct and indirect requirements is theoretically
sound, but not too useful in practice, because the distinction
will always be vague.

Another question concerns investment requirements. No mention
is made of replacement investments, so it is not clear how this
category is calcuiated'in the model.' ,

A large amount of statistical information is needed to pro-
duce resource requirements forecasts as described in the model.
It is an advantage of the model that moresimple approaches are
made possible too, so thdt the model even can be used in cases
where statistical inforMation is scarce.

.

2.3 The teacher Supply submodel

For an evaluation of the teachersupply submodel d comparison
could be made with the Dutch manpower supply model, which can be
used for estimating teacher supply also.

A first remark can be made on the calculation of the inflow
of new graduates. In paragraph 2.1 it was pointed out that the
treatment of school leavers in SOM id too crude, so that part
of the student flog model has to be repeated here.

-149 -
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Another important difference between the two models is.that
in SOM only marginal changes in the teacher stock are estimated.
This approach has some disadvantages in comparison with the inte-
gral approach of the Dutch model, where the total stock of poten-
tial teachers - :A7 - is the basic element of the estimates. In
the marginal approach of SOM it will especially be difficult
to make an-gssessment of the inflow from and the outflow to other
occupations and the non-active'population. The outfloW could
possibly be estimated in relation with the existing stock of
proff.:ssional teachers, but estimates of the inflow can only be
made on the basis of information on the reserve-stock, consisting'
of people with the required training currently working in other
occupations and of non-active teachers (mostly women). For the
last category it is essential to have information on the age-
distribution as participation rates vary strongly between age-
groups.

I

A yearly assessment of the total stock of potential teachers
would further open the possibility to introiuce more alternatives
on the supply side in the Teacher Comparison Submodel.

A more specific remark could be made on the sense of isolated
variations in tne "rate of choice" for new graduates. If these
variations are supposed to be induced by global policy measures
one should expect corresponding variations in the flow: to or
from other occupations and the reserve - stock. An isolated variation
in the rate of choice can thus only follow from specific, graduate-
oriented measures.

2.4 The teacher comparison submodel

This model has been designed to produce conditional forecasts
of balancing procedures. In fact, however, only one combination
of variations can be produced Whe'model, remely with class size
as a general balancing-measure 1Wd weekly hours of teaching plus
supply of new graduates as specific measures. Thus the model is
far less general than the other submodels: other - and probably
more realistic - balancing measures cannot be simulated with the
model. The model can therefore onlyhe valued as a starting-point
for a field in which still much work has to be done.

2.5 Ieneral aspects of SOM

The most striking aspect of the publi tion on SOM is the
large amount of attention given to calc icn procedures. The
impression is given that the organisation of calculations is a
more important aspect of educational forecasting than the problem of
how to make estimates of parameter values. Moreover the calCulation
procedures are unnecessarily complicated.

It is possible that this technical bias is responsible for
the weak points in the model which can be summarised by saying
that the assumptions are too specific for a generally applicable
model and that too much is forecast outside the model. Ideally a
model like SOM which is designed for general use should contain

- 150 -
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all statistically significant relationships existing within the
A educational system and between the educational system and society.
' For every relationship or group of relationships it should then
indicate possible short-cuts which can be used in cases where
the required detailed information is not available. The Resource
Requirements Submodel goes somewhat into'this direction. In fact,
the Dutch educational model which has beendesigned for one speci-
fic country, is more general than SON.

The seConM remark refers to the problem of what part of the
forecasting job is included in the model and what part is treated
exogeneously. Both SOM and the Dutch educational modgl leave
all parameter estimation outside their scope. The problems arising
from tnis division of work between a calculation model and outside
estimation will 'be discussed.in Chapter III.

In the introduction to sr a general discussion is pre-
sented on the model concept and the role of mathematical' models.
(In passim: it may be observed that a presentation of the model
in mathematical form would have made readin: easier): It is stated
that in a'model "the choice of characteristics taken into account,
as well as the degree of accuracy aimed at depend pn the types of

_problems for which the model has been designed." In other words:
a tneoretical conception has to underlie a model. This general rule
has, however, hardly been applied to SO. For example, a justi-
fication for the choice of a calculation model and for the use

, of a flow model is hardly given.

Further, on page 3.of the publication it is stated that SON
is meant as a tool for conditional Predictions of the development
of the educational system. In this connection two questions can
be raised:

a: What is the use Of conditional Forecasts?
4.

b. why has SOM been designed to produce conditional
forecasts?

Neither of these two questions have been answered in the
puhlibation.

- 151 -
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A CRITICAL EVALUATION OF BOTH MODELS

3.1 Forecasting and simulation models

The distinction often made between pure forecasting models
and simulation models is interesting from an analytic point of
view, but in practice it can easily become a-source of misunder-
standing. Simulation is expected to give an answer to the question
"what-if"? In order to compare the outcome of a simulation (the
"what") and to judge the variant which is simulated (the "if"),-
an'estimate of the most probable situation has to be made before-
hand. For example when a future lowering of the pupil-teacher
ratio is simulated, the most probable number of pupils has to be
known before the outcome of the simulation can be evaluated. More-
over a forecast of expected total educational expenditures is
needed in order to know whether there is a point in thinking of
lowering the pupil-teacher ratio.

As stated before, the parameters of both SOM and the Dutch
model have to beestimated ei5geneously. This means that the model
by itself cannot produce realistic forecasts, i.e. forecasts which
have any reasonable probability of being fulfilled. Special atten-
tion should therefore be given to the estimation of coefficients.

Apart from the need for a realistic forecast as a basis -for
simulation exercises two additional requirements should be made.
The first one pertains to the magnitude of variation. Here, an
insight is needed beforehand of the boundaries between which the
simulated assumption or estimate may lie. Otherwise simulation
may become a useless game that can only create misunderstanding
by those who have to work with the results (i.e. educational
policy'makers.. Here again additional analysis and estimation is
needed outside the model.

0

Lastly, a simulation has to be consistent. If no pribir
analysis of the interdependencies with other elements of the
system has taken place, simulation gives wrong answers. For
example, if in a student flow model the inflow into grammar 840018
is doubled by Simulation, the outcome of the above models will be
that the number of pupils will dOuble too and after some time one
will see a doubling of the numbers of university students. Whether
this is realistic or not is however an open question: other types
of students will enter grammar schools, the quality of education
in grwrimP7. schools may be lowered, and the transfer to university
education will not be unaffected.

The danger of simulating isolated variations is especially
present -Alen a too technical approach is used. This means that
calculation models like SOM andtthe Dutch model have to be
supplemented with other models (implicit or explicit) which de-
scribe the interdependencies within the system.

The following paragraphs contain some suggestions and
experidnces on the way in which the shortcomings of both models
can bq met.

- 152 -
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3.2 The need forLa realistic forecast

SOM and the Dutch educational model have one thing in
common: they are just technical descriptions, which are valuable
as bookkeeping procedures but form a poor description of reality.
Compared with economic forecasting the student flow thodel resem-
bles most the technique used fonthe application of an input-,
output system which has to be supplemented by an econometric model
(containing behavioural equations) in order to produce realistic
forecasts. In fact in the Netherlands the econometric model pro-
duces the forecasts which are sy,tematically.worked out with the
aid of input-outlt analysis. In the following a description is
given of the way in which forecasts of the coefficients could be
made.

The student flow model

Here, four groups of coefficients have to be estimated:
entrance coefficients LE), transition coefficients (0,R and Q),
leaving coefficients (S and U) and death and emigration coeffi-
cients (V). For each of them a thorough analysis has to be made
of the-factors that determine their develoi.ment in time(1).

For example the transition coefficients are influencedby
the level of incOme per capita (GNP/B), social stratification
(Bg), scholarships (Sch) and autonomous factors (au). Moreover
repetition and transfer is influenced by the "educational history"
of students: the number. of classes repeated, etc.'

(0
t-1'

0 .) thus:

Ot = (GNP /Bt, Bg Sch 0 0 . . au).t' t' t' t-1' t-2' '

A practical example of the problems arising wilan coefficients
are estimates will be given on the basis of an application of the
student flow model to Grammar Schools. From cross-section and time-

series analysis it appeared that a strongtotTgelation exists
between the admission to Grammar Schools ncome per capita.
This relation has been used for the assessment of entrance co-
efficients (Et). The estimated growing transfer to Grammar Schools
implies a declind in the transfer to other types of secondary
education. The consequences and plausibility of this have been
tested in an application of the model to the whole educational'
system(2).

(1) Zee for example: R. Ruiter, The past and future inflow of
students into the upper levels of education in the Netherlands",
OECD, '1967.

(2) See e.g. B.A. Thoolen and R. Ruiter: "The long-term develop-
ment of education in the Netherlands", OECD, 1969.

1.53
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In estimating the future development of transition coeffi- .

cients only an approximation could be reached of the methodology
outlined above. The main reason is that in 1968 a major reform
of the structure of secondary education was established. This
means that autonomous factors play an overwhelming role. Here
information .could be used from the experience of experimental
schools which started many years ago with the new structure.

The transformation of the-old aigucture into the new one will
evolve gradually. It turned out that the student flow system is a
very efficient tool for the description of this gradual intro-
duction of the new structure with a corresponding disappearance
oe the old one. Main advantages of this system are the built-in
consistency of simultaneous flows'ana the fact that all flows can
be described explicitly.'

A summary of the most important coefficients used in this
application of the student flow model is presented in Table 1.
The coefficients for the years 1967 and r980 are given as frac-
tions of student stocks at the beginning of the school ylar.

Table 1

Kei coefficients for Grpmmsr Schools, males. 1967 and-1980

lowest grade , highest

1967 1980 1967

repetition

passing, resp. graduation

transfer to other
education

school-leaving

death, emigratioi

.722

.105'

.012

.001

1.000

.105

.825

.065

.004

.001

1.000

.100

.870

.004

.024

.002

1.000

-grade'

1980

.050

.925

.605

.018

.002

1.000

Source; 1967 Central Bui'eau of Statistics

1980 Estimate, central alternative

The table shows a decline of the repetion rate-which is
expected to result from the intended tackling of the repetition
problem by educational authorities. the decline of the school-
leaving rate is caused by the general tendency to stay longer'
at school. Consequently, the passing rate will go up. Taken
tog her the flows add up to 100 per cent of student stocks at
the eqinning of the school year,
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The resource model

,Htarting with personnel expenditures two groups of coeffi-
cients.have to be estimated: the teacher-pupil ratio (LPR) and
mean salaries per teacher (W1). For LPR starting point of the
estimae'is the desired ratio:+WRd, which is dependent on the
desired class-size, the number of teaching hours per class and
the number of Working hours per full -time teacher devoted to pore
teaching. Then equation (2.1) becomes for the desired numbers of
teachers ld (in full-time equivalents)'.

1
t

= LPR
d

D
t t

Next an estimate has to be made of leacher supply (la) which
is dependent on the numbers of persons with an adequate education-
al background (A ), and autonomous factors:

1t 8 =1- f(Al. aul

(See also,equation-3.2 of the manpower supply Model).

Balance between supply and demand is reached by relative
teacher remunerations and other mostly autonomous factors,
including policy decisions at the demand side:

wi
1 18 7 / au).It

t' t' W '

t

The development of mean salary per full-time teacher cannot
be estimated without information from a general economic model.
Pot example the medium term economic model of the C.P.B. conta.ns
the follaging wage equation(1): .

wt = 0.220 *thp,qt pct.., pct_2) 0.400 (ht ht_l) -

0.045 (wt t 0.086.

-/

Here the wage level depends on the change in consumption
price (pc), the change in labour productivity (h), and unemploy-
ment (w), including effects from earlier years.

The development in time of teachers' salaries, depends on
three factors:

(1) Bee: C.A. van den Beld: "Dynamiek der ontwikkeling op middel-
lenge termijn", Riptterdam, 1967.
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a. general price, rise due to inflation;

b. general increase in real wages; and

c. specific increase in teachers' ,salaries.

From an analysis pf the period 1950-1966(1) it followed that
for all educational levels taken together the rise of mean salar-
ies was explained for 55 per cent by the first factor, for 40 per
cent by the second, and for only 6 per cent by specific factors.
A forecast of the first two factors has to be derived from a
general wage equation. The last factor is mainly dependent upon
the supply /demand situation for teachers. The importance of the
salary faptor is stressed-by the fact ihat.nearly 75 per cent of
the increase in personnel expenditures in the above period was
caused by the increase in salary per teacher.

Material expenditures for one type of, school vary with the numbers
of students, classes or teachers and schools. Moreover there is
a variation in time because of price increases and bedause of
specific increases 'which den partly be explained by policy measures,
but have above all an autonomous character. Thus:

`x
t

= f(p
t'

1
t'

schools, prices, GNP/B, au),

- The kdition of (GNP /B), income per capita, to the' above
function can be explained by the fact that the specifio increase
is strongly related with the rising standard of living Which has
its implications for "living" at school. The main cause-is the /
rising quality (and thus price) If already existing materials,
and the purchae of newly invented educational facilities.

This factor exercises an important and thereby disturbing
influence on an analysis, because it overwhelms largely the other
factors. Ii the period 1950-1966 the more or less,autonomous
increase can be estimated to explain nearly 50 per cent of the
total increase of material expenditures per student.

Capital expenditures were,presented in equation 2.4 as a function,
of needed capacity,expansion and exogeneous factors. In SOM
only investments needed are calculated. In fact, however, the
exogeneous factors are more important than the desired capacity
expansion. Frog an analysis of investments in primary and pre-
primary education, the following relation fas found (see also
graph 2):

inv
't

= 14.,5 (1
t
- 1

t-!
1) 4- 1.4 he - 18.5 wt 1.9 pr.inv.t 4-

67.0

w-

(1) See: J. Passenier and/R. Ruiter: "Expenditures on-education
in the Netherlands", OECD, 1969.
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hip number of houses constructed (hc) is used as an indi-
cator for regional replacement as houses are mainly built in the
new suburbs, while unemployment (w) and the price rise (p.inv.)
are economic factors that'explain fluctuations. From Graph 2 it
will become clear that the growthin the number of teachers
;explains only a marginal share of the variations. This means that
a purely, technical (or SOM) approach does not work in fore-
casting capital expenditures,

Total resources were found * adding up the thd!) component
parts. However, even if more realistic estimates as indicated
above are made for the component parts, one cannot be sure that a
realistic estimate for the total of expenditures is obtained. The
estimates are very detailed so that a cumulation of estimating
errors can result. Therefore a global check is needed in order to
judge whether the total amount is acceptable from a macro-economic
point of view. This is done by relating total educational expendi-
tures to Gross National Product. This relation was investigated
for.the years 1900-1966(1). Four different periods can be
distinguished, characterised by different elasticities. When the
crisis period 1930-1938 is left out, a declining elasticity can
be noticed, viz. 3.75 for 1900-1915;.2.63 for 1915-1930, and 2.09
for 1950-1966. An extrapolation of this trend produces a useful
global check for more detailed expenditures forecasts.

The result of a comparison between thetwo forecasts'May be
that the more detailed estimates have to be checked, e.g. on
inconsistencies. It is possible then that.the two outcomes remain.
different. Without further analysis it is not possible to judge
which ona is the most realistic.

The manpower supply model

In'paragraph 1.3 something has been said already about the
necessity of a link with a general economic model. For example
participation. rates partly depend on the general economic situation:

dBt = - 0.500 (dwt + dwt -1) +d B
au.t'

which means that the increase of labour supply (dB) is smaller
than the autonomous increase (dBau) when unemployment (w) is
rising. On the other hand the general economic model needs infor-
mation from the educational model on the participation in education
of age groups above the compulsory age, which can either study or
work.

The outcome of the,educationai model, the supply of manpower
by educational level, can then be compared with the demand for
skilled manpower following from the general economic model. An
example of this was included in the latest medium-teri plan of

(1) Passenier and Ruiter, op.cit.
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the Central Planning Bureau: "The Dutch Economy in 1973".
Estimates were made of global econometric_relations between the
demand for educated manpower (by five levels) and some general
economic indicators. After comparison of demand and supply
(estimated with the aid of the model presented here), a picture
arose of possible shortages and surpluses by. educational level. ,

The outcome was checked,, i.e. with expert-opinion in this field.

There are Still some shortcomings, especially in the field.
of available statistics from which these kinds of relations can be
estimated. In any case it Is a new step in a field where still
much work has to be done.-

Conclusion
, .

. In the foregoing a deeper insight is given in the way in
t which forecasts are mad r should be made) of coefficients

appearing in the educat '1 model presented in this paper. In
Graph 3 a summary is give ,0 f the many links within the eatication-
0 model and with the general economic model. From this survey a
broad pattern arises of flows of information each of which has
to be based on prior analysis-.

It is clearlyra too simple idea thatthe design of a formal-
ised model is a sufficient condition for educational forecasting.
On the cOntTary, it-is not even a necessary condition. The analy-

)
sis of re],ations existing within the educational system'and with
other systems is at least as impdttant as a model. Both SOM
and the Dutch educational model presented in Chapter I are nothing
more than sets of definitional equations for which all pure fore-
casting has to be made outside the model. The extension of the
Dutch' model presefited here means that the original model is main-
tained and that a set of behavioural equations is added. Apart
from a purely technical description of the operation of, the edu-
cational system (e.g. transfer to higher-types of schools), the
model thus obtained gives a description of the way in which the
operation of this system is nfluenced by the reaction of people
(e.g, the influence of risi ncome on the transfer to higher
types of schools).

Only inr this way the model becomes: "a theoretical descrip-
tion of certain aspects of a real life process or system "(l),
with the aid of which realistic forecasts can be made. Moreover,
only in this way the model produces the advantages that it gives
"a deeper insight in what (statistical) data.are the most impor-
tant ones for obtaining information relevant to educational
planning,policies"(1).

4'

3.3 The need for realistic simulation'

After the foregoing discussion not much has to be said about
. the way in which a realistic. magnitude of variation, to be simu-
lated by the model, has to be, chosen. From the analysis,two

(1) Quote from: "SOM", OECD, 1970.
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Categories of variation problemq appeal-.

First, estimates of coefficients are always accompanied by
estimating errors which give an amount of uncertainty to the out-
comes. Thus on statistical grounds a certain'deviation from the
estimated values is possible. Here simulation is desirable because
it gives an insight into the upper and under boundaries between
which the most probabli outcomes may lie. Especially for policy-
makers it is important to know to what extent they can trust
the so-called "central alternative" which is produced by the pure
forecast.

'A second category of problems for which simulation is desir-
able is the uncertainty about the assumptions'made. Here a dis-
tinction can be made,between autonomous factors on which policy-
makers have Attie or no influence, and instruments which-form
part of educational policy. Policy-makers may be expected to hive
a special interest in the way their instruments work and in the\
extent to which they can exercise influence wit p their instruments.

Examples can be taken from the application of the student
flow model to Grammar Schools.

An example of the first category of variation problems is
formed by the unexplained residuals in entrance rate's in the.
analysed period. As a consequence one should take into account
a certain extent of variation for the forecasting period.

A problem belonging to the second categoi'y is the uncertainty
about the extent to which educational authorities will succeed in
reducing 'the repetition rate. In the central alternative a very
gradual reduction of repetition was assuted. It is however possible
that a quicker reduction will result. There oreore it has been tested
with the model what is the influence of va tions of the repetition
rate on the numbers of pupils and diplomas. striking result was
the small effect of this coefficient.

The repetition rate was looked upon here as a variable on
which educational policy-makers'can assert influence with the aid
of their instruments. One can question, however, the extent to
which such instruments can be used in practice:,This.question
refers in fact.to many of the instruments policy-makers are
supposed to have at their disposal. The result is that the in-
fluence of government policy can easily be,overestimated. For
example in, the report by Passenier and Ruiter, cited before, the
conclusion was reached that "post -war policy - makers in education
can only be praised (or blamed) for about 10 per cent of the
increase in the educational budget". The dame kind of conclusion
was reached by Ruiter in his report: , "Education and Manpower
Forhcasts"(1). From an analysis of three important categories of
instruments it followed,that "in all probability these instruments
are not very eZfective in achieving the objectives in view".

The same phenomenon can be observed in another field, viz.
income policy. In the Netherlands government has many instruments,
but rather ineffective ones, at its disposal. Compensating' powers

cly In: "Planning and development in the Netherlands", vol.III,
No.1/2. The H#gue, 1969.
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in society make that income policy does not work adequately as
can be. shown by multiple regression analysis.

The conclusion is that simulation should be preceded by
careful analysis of the extent to which variationb can be expected

- and instruments an be used. .

3.4 The need for consistency in simulating
.

From the exampled given above a second conclusion can be
drawn. When isolated variations are simulated compensating (or
cumulating) factors are not taken into consideration so that

,, wrong answers are found.

Especially in the student flow model a variation in one of
thecotfficients has implications for many other cbefficients,
not.only in the same year, but also in future years. This has
been expressed in paragraph 3.2 by:

ot fq
' °t-l' °t-2'."

In a purely technical'(or SOM) a roach theseinter-
dependencies are not taken into account so that one cannot expect
to find correct answers. This is proved in the SOM report by
the Application Study. Here the transition coefficients found in
the base year for the whole student stock are, extrapolated and
applied to a certain marginal group of students. This marginal
group Would have'left school if the school-leaving age had not
been raised. This means that these students show in any case nat.
the same flow pattern as those who stay at school voluntarily.
(Moreover the question can be raised whether a student flow model
is the best one for the study of these kinds of problems; cohort
analysts seems to offer a far more efficient approach).

4 For a proper use of a student flow model for simulation
purposes each simulation problem requires another specification
of students, for example:

,-tOsocial grOup, i.e. democratization;
. 4

to region, i.e. removal of regional disparities;

- to educational history, i.e. tackling of repetItton problem;

- to second -best choice, i.e. redistribution incase of
- restricted entry;

- to age-gioup, i.e. raising the school-leaving age, etc.

From a technical point of view a detailed specification can
easily be handled by a student flow model.

Only seldomlyswill the'etatistiCal material for these speci-
fications bd available. But a guess based for example on enquiries
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will produce better results than a bold application of general
coefficients to a marginal group.

The inter-dependencies between variations of the coefficients
are automatically implied if the right specification is chosen
for a simulation problem. For that a painstaking analysis may be
necessary. Simulation of a student flow model without prior
analysisdf the inter-dependencies is nothing more than the
managing of a sophisticated system of bookkeeping by a junior
clerk.

IV. SUMMARY AND CONCLUSIONS

A comparison between SOMI the OECD Simulation Option
Model, and a Dutch educational model which is partly based on the
concept of student flows, shOws that apart from some technical
differences, a large extent of similarity exists. This is hardly
surprising where both models only describe technical relationships
within the educational system. The student flow model, for example,
has only one exogeneous variable, namely population, and describes
education as a completely closed system.

Partly on the basis of experience with the application of
the Dutch model an attempt has been made to investigate the
possibilities and limitations of both models for the purpose of
educational forecasting and simulation. It appeared that this
type of model does not produce by itself realistic forecasts or
simulations that give correct answers.

This means that calculation models like DOM and the Dutch
model have to be supplemented with sets of behavioural equations
which describe the relationships between education and the whole
economic ,and social system. ,

The most important conclusion is that analysis is at least
as important as a model and that the design of a model without
prior analysis only means a first', experimental stage in model
building.
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