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The model considered in this paper, the GAME. Educational Planning Model,
provides a means of studying the interrelationships among education, manpower, and
the economy. The model was originally constructed for use at the Traning Seminar,
Clobal Accounts for Manpower and Education (CAME), held in Dublin, Ireland
September 4-20, 1967. Designed to quantify certain structural relationships within and
among these systems, the model can be used in a manner which closely approximates
the way in which planning is carried out in practice. The model is designed to analyze
various planning decisions in ferms of their consistency, and, In cases in which
dysfunctions are discovered, it can be used in an iterafive manner 10 arrive at mutually
consistent and balanced plans. The model considers three separate systems: the
Educational System, the Manpower System. and the Inter-industry System. The body of
the paper is concerned with 2 qualitative description of the model whie the
mathematical description of the model is contained in an appendix. (hw)
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i STUDY OF INTER-RELATIONSHIPS BETWEEN

EDUCATION, MANPOWER AND ECONOMY

PN M

by

Paul M. LeVasseur

I. BACKG:OUND.

1. In o paper entitled Quentitative Analysis in Educational
Planning: Some European Experiences presented to thig Symposiun
by Mr. Garebh L. willieus of the 0.E.C.D., current work in the
construction of national planning models in several 0.E.C.D.
Merber coluntries is described. An part of its programne for
Systems Analysis in Educational Plonning, the 0.E.C.D. has
obtained considerable information pertaining to these mod.el~
building efforts. As one of the 0.E.C.D.'s training activities,
it was decided to synthesize a nwaber of available model-buildiny
techniques for presentation at a Troining Seninar on Quantita-
tive Techniques in Educational Planning. This Seiwxinar, entitled
Global iccounts for Manpower cnd Education (¢.A.M.E.), was held
in Dublin, Ireland during the period 4th-20th Septerber, 1967.
It was attended by 26 participants from 11 0 E.C.D. Member
countries. The Sexminar socught to actively engage participants
in three najor areas of nodel-building. The first area was the
collection and anclysis of data. The second ared concerned
sctual model construction. The last area consisted of the use
of the nodel by participants in « sipulated planning exercise.
The G.A.M.E. Bducational Plaunning Model which was constructed
by the O E C.D. for use in this Training Seminnr is the topic

of this psaper.

IT OBJECTIVES IN THE CHOICE OF THE MODEL

2. The G.A.M.E. Model was chosen with a nwiber of specific
objectives in uind., The first objective was that it be of a
%lpbal naturc. The terw global, as used here, hes a dual neaning.
he first meaning pertains to the level of aggregation of the
systens under consideration. By global we meon that the systens
will be vicwed at the notional level. In this sense, the model
is = national planning model, and for this reason excludes a nun-
ber of regionrl aspects which right algo be of interest to sone
countries. Because our parbicipants caue from countries in which
a wide variety of different probleas arise on the local level, it
was decided to construct a nodel which was representative of
problens faced by all countries at o natiocnal level.
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5. The second meaning of the word global pertains to the

nature of the systems which are incorporated into the model.

Rather than being confined to the consideration of the educational v
system alone, the model extends bejond the educational system to
include the nanpower and econonic syetems. The resulting modcl,
therefore, is one which can be used for the planning of education, .
manpower and the economy at the national level.

4, A second objective was that participants be introduced &o
structural models. By structural, we mean that the model nust
quantify certain structural relationships among verious factors
wnich describe the state of the three systeus.

5. Another objective which wes thought to be of primary impoxr--
Yance was that the model chosen could be used in a manner which
closely approximates the way in which planning ig actually carried
out in practice. ror this reason, the model consists of tThree
inter—-locking sub-models. Because planning for education, manpover
and the economy is usually carried out by different planning
groups, the model pernits decigionsmade independently in these
three planning spheres to be simultaneously analysed and conpared.
Participants were, in fact, broken into three groups, each of
which was respousible for the planning of education, manpower,

or the economy. Initislly, each group worked in isolation with
its own sub-model. The complete G.A.M.E. Model is designed to
uniformly snalyse the decisions taken by each of the groups,

and to trace the effects of plenning decisions made for one system
upon the other systens.

6. One of the important features thought essential for the
nodel was that it address itsell to problems of comnsistency in
planning. Since there is no guarantee that plans lfor The educeatio:
manpower and econoric systems will necessarily be consistent, The
model is constructed in a manner which makes it possible to test
the consistency of plans for these three systems. In this way,
certain dysfunctionalities which occur as a result of isolated
planning decisions cen be identified.

7o Tn cases in which inconsistoncics are discovered, it is
necessary that the model be iterative, in the sense that one can
re-run the model after certair alternative planning decisions are
considered. The G.A M E. Model, therefore, is an iterative model
Although there are no major concepbual difficulties in incorpoi-
ating iterative procedures into the computer programme which .
solves the model, this was not done for the Training Seminar. |
Rather, a mon-~machine interaction took place which allowed parti-
cipants to see ecach step in the iterative process for arriving ’
at a consistent and balanced solutioi:.

8. In summory, it was decided that the model to be constructed
would be a national planning model which simultaneously congiders
the educabtion, manpower and cconomic gysteus. Designed to
quantify certain structural relationships within and among these
systens, the model can be used in a menner which closely approzi-
nates the wey in which planning is carried out in practice. The
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nodel is desisgned to analyse various planning decisions in terms
of their consistency, and 1mn caces in wnich dysfunctionalities
are discovered, it can be used in an iterative manner to arrive
at mutually consistent and balanced plans.

TII. THE G A.M.E. EDUCATIONAL PLANNING MODEL - A QUALITATIVE

DESCRIPTION.

9. The model considered in this paper provides a means of
studying the inter-relationships between education, manpower and
the economy. In order to describe the model, it is necessary to
portray the nature of the systems under consideration and the
inter—~actions which occur between them. 4 number of possible
neans for describing the model exist, and participants in the
G.L.M.E., Seninar were able to view the model in several ways.
Tnitially, they were introduced to a gqualitative description of
the model. Later, they were exposed to the actual computer
programmes used Lo solve the model. Finally, the conplete mathe-
natical description of the model was developed and explained.
For purposes of this Symposium, the body of this paper 1s con-
cerned with the qualitative description of the model, the mathe-
natical description being included in an appendix.

10, & qualitative viewpoint has been chosen for presentation
in this paper because it is an extremnely helpful way of looking
at verious phenouena which underly the relationships among the
systems being modelled. In order to present a qualitative pic-
ture of the G.A.M.E. Model, it is necessary to adopt a language-
The language which has been chosen draws heavily upon the work
of Professor Jay W. Forrcster of the Massachusetts Institute of
Technolozy, and is described in detail in the volume entitled
Industrial Dynamics. (1) The complete Industrial Dynamics approsch
onbodiecs the process of constructing a flow diagram.depiohing
relationships pertaining to the syst.ms under consideration,
writing out systems of equations describing these relationships,
estimating certain parameters and using a computer to solve the
equations. For the G.A.IM.E. Model, only the flow diagram rup-

resenting the system relaotionships will be shown. The flow diegrall

has been intentionally simplified, and for this reason only someé
of Professor Forrester's symbols are used, and in some cases
slightly modified. The flow diagram o>f tle :.oloel is ohwi i
Figure L on the following page, and ic described below.

A. The Systens Under Congideration.

11l. The model congiders threc separate systems; nanely, the
Educational System, the lManpower Syster, and the Inter-Industry
8ystem. Each of these systems is itself broken down into the

olements which make up the system. Theso clements are as follows:

(1)

Torrcster, Jay W., Tndustrial Dynaiics, The M.I.T. Press, Mass-

schusetts Institute of Technology, Canbridge, Massachusetts, 1961.
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1) The Educational Systen iz broken down into distinct
branches of education, which are further divided into
grades of study within the branch. In..some cases, it ig
21so desirable to distinguish between fields of study
within a branch;

2) The Manpower System 1s broken down into occupations and
educational qualifications required for these occupations;

3):. The Inter-Industry System is broken down into a number
of distinctly defined industries which produce the goods
and services required in the economy.

B. The "Levels" within the Systems.

12. At any point in time, each system, is operabting at certain
"Tevels". These levels are defined &as follows:

1) The level of the Educational Systen is defined to be
the number of students enrolled in each branch and grade
of education;

2) The level of the Monpower Systen is defined Hto be the
number of individuals employed in each occupation;

3) The level of the Inter-Industry System is defined to
be the level of production of each industry .

C., TPlows Within and among Systems.

135, There are two kinds of flows which take place within and
among the threc systoi.s defined. These are:

1) TFlows of Goods and Services;
2) TFlows of Hurans

14, Flows within each system can occur. The Inter~Education
flow of humans represents the progress of students from one
branch and grade of education to another. The Occupatilonal
Shifts flow of humans represents the changes of individuals from
one occupation to another. The Inter~Industry flow of goods and
services represents the flows between industries of goods and
services used for intermediate and capital purposes.

15. Tlows between two systeus also occur. Humans flow from
the Fducational System to the Menpower System to provide addi-
tions to the labour force. Hunans also flow from the Manpower
System to the Educational Systen to provide the teachers and
other manpower requirements for education., Humans flow from
the Meampower System to the Inter-Industry System to provide
labour required for production purposces. Goods and Services
flow from the Inter-Industry Systou o the Educational Systen
to provide the current and capital requirements for education.
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16. In addition, there is a flow of huuans from the lManpcower
Systenm to the Inactive Population, dus to retirement, inavail--
obility, etc. The box labeled "lct in Labour Force" in Figure 1
therefore has its own level at any point in tine. N

D. BSources snd Sinks.

17, Tn addition to flows within and among the systems, Uhere
are flows into sysbtems from sources snd flows out of systens
into sinks. Such flows are considered to be determined in a
manner which 15 exogenous to the model. These flows, of course,
nave o direct effect upon the system levels. The sources and
sinks appearing in Figure 1 are described below.

18, The sources providing flows of humans into the Educational
System include new entrants into education due to children

reaching school age (i.e. births), persons rc-entering school

from the labour forece, children of immigremts, etc. There is

also a flow from the Educational System into a sink which would
represent cmigrations to other countries upon conpleting

studies, individuals not entering the octive labour force, ete,
These people would be unavailsble for employment within the country.

19. The source providing a flow of humans into the Manpower
System would consist primarily of nct irmigration cf persons

who may or nay not euter into the active labour force. The

flow of humans from the Manpower Systei to its associated sink
represents unemployed individuals seeking enployment, frictional
unemployrnent, etc. An additional sink is included to represent
deaths in the population.

20. A source providing goods and services to the Inter-Industry
Systen would comsist primarily of iaports. All goods and serviccs
delivered to the rest of final demand (i.e. final demand excluding
education and capital investment by industry) are considered as
flowing into a sink, .

E. Relating Flows and Levels.

21, For each of the flows within and among the systems, there @
is a direct reclationship between these flows and the levels of |
the systens themselves. As enrolments incr.:ase, for exauple, a

greater nuiber of individuals and a greater amount of goods and

services is required to maintain the systen. Sinilarly, as

production levels change, the nanpower requirements, as well as v
requirenents for capital and internediate goods change. At any

point in time, therefore, there is a direct relationship between

the levels of each systeri and the flows within and anong the v
systems. Figure 1, therefore, describes these inter-relation- ‘
ships. Enmpirical reasurenents are required in order to determine
the actual values associated with the levels and the flows.

ERIC
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22 Another aspect not yet discussed pertains to the rate of
flow of humans as well as goods ond services. This rate of flow
oon itself change over tiue. It often results fron specific
decisions or from technological factors. Consider the case '
wherein o decision was made to increzse the teacher/student

ratio throughout thce Educational Systen. In this case, even
though the level of enrolments is the sane, the number of teachers
requircd from the Monpower Systeun is greater and thc flow of
nunons froa the Menpower System to the Educational Systern changes.
This is on example of a change in the rate of flow fron the M-n-
power System to the Educational System, and we could therefore
inagine ¢ "wvalve" which regulates this flow being turned so as

Yo incresse the flow. Such "valves" tre rcpresented in Figure 1
by the symbol "pa" (ducision fun~rtions) rnd regulated as & result
of flows of information. These flows of information en:nate

from the systens themselves. This is to say that information
pertaining to the systems themselves must be taken into account

in order To deternine the rates of flow which apply to cach flow
of humans as well as each type of goods and services. Such in-
fornation can be obtained by measuring the performance of the
systen, or by considering specific decisions whicl: are made withii
the systen. The example was given above of a decision to uodify
the teacher/student ratio in the educctional systen which would
effecet the rate of flow of humans fro: the Monpower System to

the Educational System. Similarly, measurenents which show that
university drop-outs are decreasing in the educational systen
would indicate that the rate of flow of university graduates to G
Manpower Systen is increasing.

¥. Dynanic Aspects of the Model.

2%, The qualitotive flow diasgran of the G.A.ILE. Model
describes inter-relationships anong the systens in terns of

flows of humans, goods and infornation. These flows, of course,
take place continuously over time. The dynamic aspects of the
nodel have not been incorporated into the flow diagran, Tt is
helpful, however, to think of all the flows represented as being
net flows within the linits of a certain time period. The G.A.M.E.
Model considers flows which take place during each year of a

plen period.

IV, THE MATHEMATICAL MODEL

24, Every directed line representing flows of goods and ser-
vices or of humans appearing in the flow diagram can be intcer-
preted as o set of equetions applying to sone year in the plan
period. The equations consist of dependent snd independent ver-
iables as well as a set of parcmetbers which gppear 28 coefficients
of the varizbles. The "valves" in the flow diagram cailbe
interpreted as the coefficients. It is thus possible to use the
gqualitative description as i aid in formwlating the nathematical
deccription of the model. The conplcte description of the var-
iables, paranmeters and equations of the ¢ i4.M.E. Model is given

in aAppendix 1. The rcmarks nede here are confined to 1iore gencral
conciderations of the nathematicel fornulation.
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25. It has alread; been mentioned that the three systens
shown in the flow diagrcr are theuselves sub-divided zo0 as to
differentiate between educationel brenches end grades, quali-
fications, occupations and industries. It is for this reason
that the flows in the diagran become sets of equatiouns, rather
than single equations. In the G.A.M.E. lodel, 25 educational
branches snd graues, & educational qualifications, 20 occunations
and 2% industries were distinguished. At this level of disag-
gregation, the model cousigsts of 352 equations snd 387 variablcs
which must be Solved for during each year of the plam period.

The plan period chosen for the Seninar was 9 years. The coupletc
G.A.M.E. Model, therefore, consists of 3,168 equations with

3,48% variables to be solved for. Each of the three groups, now -
ever, was able to use ity own sub-model of the three systems.

The sub-models consisted of sub-sets of the entire set of equations
and in this way the work of the participants was made more men.-
ageable through a division of labour.

26, Ain additional sinplification was introduced by solving
the entire model only for the target year. Although the Educa~
tion Group used a sub--model which was dynamic over the entire
plan period, the other groups focused upon the target year solutliol
of their sub-models. This »rocedure mecant that certain sinnli.
fications were made which are not required when using the full
nnodel, but had the advantage of providing participants with an
understanding of the principles underlying the nodel without
introducing large anounts of computer data and regults pertaining
to each intermediate year in the plan period. The actual con:-
puter programmes used in the G.4i.M.E. Seuiner, therefore, wcre

a soriocwhat simplified version of the complete model described

in Appendix 1, in which the target year values of all variables
were solved for and intermecdiate year variables were solved for
the education systen only.

V. ESTIMATING THE PATLAMETERS CF THE MODEL.

LI B S

27. Tn order to estimate the parameters for the G...l.E.
Model, it was necessary to collect a wide range of data pertainiag
to education, manpower and the econony. Since the 0.E.C.D 1is
located in Paris, it was decided that data froa France would be he
rost easily obtainable. IFor this reason, the definition of educa~
tional branches and grades is based upon the French educational
system. The model used in the G.a IM.E. Seuinar, however,

should not be considecred to be a valid model of France.

The reason for using actual country data was to assure a certein
degree of reslisn in the bagic dota provided to participants

and the paraneters deduced frow these data. It would, of course,
have been possible to use completely fabricated data. An actual
model for couutry use, nevertheless, would require that far
greater attention be paid to resolving definitional and aggre.-
gation problews than was possible with the linited time and staffl
available for constructing the G.A.M.E. Model. The G.A.M.E.

ERIC
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data, therefore., must be considered to be essentially illus-
trative. The experience gained in the collection of data for
estimating the parameters in the model did prove most encouraging
in demonstrating the feasibility of constructing an empirical
riodel of this kind for actual country use.

28, Tn order to estimate the parameters of the model, a

base year (1962) was decided upon for which various kinds of data
pertaining to education, manpower and the economy were collected.
These data were brought together in an integrated accounting
franework which is described in Appendix 2. The integrated set
of accounts measures the flows within and between the systens
during a one-year period. The flow accounts are then used to
derive an integrated set of coefficients for education, manpower
and the econony. These coefficients provide quantitative struc-
ftural information about the systems. The coefficients are incor-
porated into the model as paranmeters, in addition to a number

of additional parameters which are estimated independently from
the accounts.

2%. 41lthough the mathematical model in Appendix 1 does not
present the coefficients in the form of time functions, it is

of course possible to use parameters which have been estinated
for each yeer in the plan period. Some of the parameters used
by the participants in the G.A.M.E. Seminar, for example, were
estimated for the target year on the basis of Time series infor-
mation or even on the basis of certain planning goals. In other
cases, however, the base year data were felt to provide para-
neter estimates which were applicable over the entire plan period.

VI. THE ITERATIVE PROCEDURE FOR SOLVING THE MODEL.

30, In Appendix 1, the G.A.lM.E. Model is expressed as a set
of relationships (equations) between exogenous and endogenous
variables. In order that plans for education, manpower and the
econony be consistent, these relationships must all hold in any
vear of the plan. Since exogenous varisbles represent policy
varisbles which are set by the planners themselves, there is no
guarantee that a consistent solution will be arrived at if plans
which seek to fix these variables at future points in time
(targets of the plan) are drawn up in isolztion. In fact, the
opposite will normally be the case. The purpose of the G A.M.E.
Model is precisely to analyse educational, manpower and economic
plins in order to arrive at a consistent and mutually balanced
solution.

31. The starting point in using the model is to postulate
targets for the three systems and compute the implications of
the targets for any one systen upon the other systems. This
procedure inevitably leads to measurable disparities. TFor
example, an economic plan may require a given number of newly
trained engineers which the educational systen cennot supply.

On the basis of the nature and magnitude of the disparities
found to be inhcrent in the targets originally postulated, these
targets are revised and the model re-run in an iterative manner
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until a final consistent and balanced solution is achieved. In
theory, it is possible to include nathematical relationships
which revise the values of exogenous varisbles on the basis of
the differences between the values of encGogenous variablel
arrived at in each step of the itcrative proccdure. In this

way, a completely sutonmated iterative nodel could be constructed.

32, The G.A.M.E. Model does not include a conputerized
iterative procedure in its nathematical description. Instead,
the iterations are carried out through nan-machine interaction.
There are a number of reasons for using this approach. Fron

a strictly pedagogical point of view, the man-machine iterative
procedure served as an excellent vehicle for demonstrating cer-
tain planning principles to the G.A.lM.E. Seminar participants.
There are other reasons, however, for using a nan-nachine
approach. Anmong the most importent of these is that this
approach is closely analogous to the procedure which planners
actually use for arriving at a final plan. In practice, plans
set forth for different sectors are compared and subsequently
revised in stages when inconsistencies are detected. The advan-
tage of using a model is that it cen test targets for education,
nanpower and the economy for internal and external consistency
within a very comprehensive framework which permits a far greater
amount of structural detail to be considered than is possible
without the aid of a computer.

33. Another iiportsnt reason for using the nan-nachine
cpproach is that it permits targets to be revised on the basis of
en analysis of the previous iteration. In many cases there

nay be a number of alternative revisions possible which will

lead to a consistent and balanced solution. This approach
pernits the planners to select among those alternatives in 2
nanner which they consider nost consistent with their own goals
and preferences. A completely automated approach would yield

one final solution on the basis of decision rules which nust
necessarily be built into .the model in advance of any -concrete
knowledge about the kinds of inconsistencies which may ultimately
be found. It seems unlikely that a solution arrived at in a
purely automatic fashion, not pernitting the planners to fully
anelyse and discuss the inconpatabilities, would be acceptable

to the planners themselves. In addition, for purely technical
reasons, aubtomated iterative procedures often prove %o be a

very slow meams of converging to a solution. In short, the man-
nachine iterative procedure is both an efficient and realistic
node of planning.

P In the G.A.M E. Seminar, participents in each of the
three groups used the model in a gsinulated planning environment®.
The plen which was finally arrived at resulted from an inter-
action of the three groups during a sequence of Joint meetings

ot which the model results were analysed, and targets were revised.

L more detailed description of the G.A M.E. Simulation Exercise
is given in Appendix 3. :
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VII. THE POTENTIL OF THE G.a.M.E. MODEL FOR PLANNING AND

POLICY-MaKING.

35, Tt was stated at the outset that the model described in
this paper was constructed for use at the 0.E.C.D. Training
Seminar on Quantitative Techniques in Educational Planning. The
0.E.C.D. plans to publish the content of this Sempinar in detail

in a separate document. Although the G.A IM.E. Model was initially
constructed for didactic purposes, it may be well to consider

the potential of such a nodel for planning and policy-meking.

%6 . The strength of the model lies in the fact that it in-
corporates relationships between education, menpower and the
econony within a single, comprehensive framcwork. All too often
educational plans are drawn up without comnsideration of their
implications for manpower a.d the econony. Similarly, economlcC
plans are made without sufficient attention being paid to the
investments which must be made in education if the manpower re-
quired to meet the targets of the plon in to be svailable when
needed. The modcl described in this paper nickes explicit cer-
tain structursl relationships between education, manpower and the
economy which must be considered if consistent planning at the
national level is to be achieved. 4Lilthough it is confined to

a global, national viewpoint, the span of variables considered
includes levels of enrolments in different branches of education,
nanpower requirenents for education, requirenents of goods and
services for education, the educational qualifications of the
labour force, manpower requirements for the economy and the
levels of production in the economy. All of these factors are
of cxtrene importance for planning at the national level.

37 . The nmodel is policy-oricented, and for this reason would

be of considerable importance for policy formulation and evalua-
tion. An exanple of the kind of national educational policy-
making to which this model addresses itself can be taken directly
from the United States. The National Defense Education Act was
specifically designed with a view toward increasing the levels of
enrclnend in certain areas of cducation. This policy was a direct
result of certain nanpower and econonic requirements which needed
to be met. The model described in this paper provides a mechanisn
for continually analysing and up-dating national policy on the
basis of economic and social goals. The model can be used to
trace the e¢ffects of proposed alternative national educational
policies upon the nanpower and cconocnic systems, and thus pro-
vide guidelines for the evolution of the educational systen.

38 . In designing the model, a comscious effort has been made
Yo arrive at a "generalised" forrmuletion. Since educational
systens diffcr from country to country, the model defines educa-
tional breanches, gradcs cnd gu:ilifications in & menncr which is
gufficiently flexible to permit it tc be applied to any ccuntry.
The generaliscd approaeh enhances its potential for use by a
large number of countries which night be interested in using a
plonning aid of this kind. The nodel, in this scnsc, is not
confined to any particuler educational environment.
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9. Finally, the experience gaincd by the 0.E.C.D. in con-
structing the G 4.M.E. Model for didactic purposcs should be
reviewed in cuy discucsion cf the model's potential for planning
and policy-making. It has already bcen nentioned that the dec-
ision to collect actual country data has dcnonstrated the feasl-
bility of comstructing such e model. In fact, the process of
constructing such o model provides considerable infoermaticn

for establishing data ccllecting priorities. Cresting a sim-
ulasted environment in which the nodel was actus?li, used offered
an excellent opportunity to judge the model's viability as an
instrument for rational policy formmulation. The conclusion
arrived at is that a model of this kind offers considerable
potential for the formulation of consistent nationzl plans and
policy in +the areas of education, menpower end the econoily.

4.0, The 0.E.C.D. plans to continue to study the inter-
relationships betwevn education, manpower and the econony.

It is planned that the work being cerried out in Member countrics
in the arca of mathematical nodels for educational planning will
be further encouraged and synthesized by the 0.E.C.D. through
the cstablishiient of a co-operative progreamme in tThis area.
Ultinetely, it is possible that the 0.E.C.D. may be able to

neke available to its Member countries a nathenmatical model
which they can use to assist them in educatienal policy evalu-
ation. Such a model would undoubtedly incorporate many ecnsid~
ercbtions which are not fcund in the model described in this
psper. The G.A.M.E. Educational Flanning Model night nonethe-
less be considered to provide a first step in this direction.

©

- ERIC
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MATHEMATICAL DESCRIPTION OF THE
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MATHEMATICAL DESCRIPTION OF THE
G.A.M.E. EDUCATIONAL, PLANNING MODEL

SYMBOL DEFINITIONS

- Number of industries

- Number of occupations

Number of educational qualifications

- Number of branches of education

- Total Number of branches and grades of education

- Number of years in the plan period

Indices referring to an industry (i,J = 1,2, « « « ,N)

Indices referring to an occupation (k,k' = 1,2, « + o M)

Index referring to an educational qualification (q = 1,2, . « . Q)

Index referring to a branch of education (h = 1,2, « + « ,H)

Indices referring to a branch snd grade of education (g,g8' = 1,2, « « . +G)
Number of grades in branch h of education ( N, = G)

Year in the plan period (t = 1,2, + + «,T) b=

Base year

Coefficient of direct and indirect requirements for goods produced by industry i
per unit of output in industry Jj.

Capital coefficient for industry representing the amount of capital good required
from industry i per unit of output in industry J.

Manpower coefficient for industry reprasenting the number of individuals in
occupation k required per unit of output in industry J.

Annual labour force attrition rate for occupation k.

Labour force mobility coefficient representing the proportion of individuals who
move from occupation k to occupation k' in a one-year period.
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Occupation-educational qualification coefficient representing the
proportion of individuals with qualification q in occupation k.

Manpower coefficient for education representing the number of individuals
in occupation k required per student enrolled in branch h.

Inter-educational transition coefficient representing the proportion
of students enrolled in branch and grade g in year t-l who are enrolled
in branch and grade g' in year +.

School-leaver transition coefficient representing the proportion of
students enrolled in branch and grade g in year t-1 who are in the
active labour force with educational qualification q in year t.

Student mortality coefficient representing the annual mortality rate of
students enrolled in branch and grade g in year t.

School~leaver non-participation rate representing the proportion of
students enrolled in branch and grade g in year t who have left the
school system in year t+1 but will not be available for the active labour
force.

Input-output coefficient for education representing the requirements for
non-capital goods from industry i per student enrolled in branch h.

Capital coefficient for education representing the amount of capital good
required from industry i per student enrolled in branch h.

Total production of industry i in year t.

Total final deliveries by industry i in year t.

Deliveries by industry i of capital investment goods for industry
in year t.

Deliveries by industry i of non-capital goods for education in year t.

Deliveries by industry i of capital goods for education in year t.

Deliveries by industry i to all other final demand sectors (i.e. excluding
industrial investment and education) in year t.

Total number of individuals in labour force with occupation k in year t.

Number of individuals in occupation k employed by industry in year t.

Number of survivors in occupation k' in year t from manpower stock in
year t-1 (net of new entrants from the educational system).

Number of individuals in occupation k employed by education in year t.
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Number of individuals in occupation k employed by other final demand
sectors (i.e. excluding education) in year t.

Number of new entrants into the labour force from the educational
system required in year t.

Number of school leavers with qualification q available for the labour
force in year t.

Number of students enrolled in branch h in year t.
Number of students enrolled in branch and grade g in year t.

Number of new entrants into grade g' (from outside the educational
system in year t.

(€
Change in the value of the inter-educational transition coefficient (7 /HO
between years t-1 and t. yﬂ

L)
Change in the value of the school-leaver transition coefficient T . (t)
between years t-1 and t. 9.¥
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APPENDTX 2

LY INTEGRATED SET OF ACCOUNTS FOR
EDUCATION, MANPOWER, AND THE ECONOMY
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EDUCATION, MANPOWER, AND THE ECONOMY

INTRODUCTION.

The basic classifications to be used in conpiling the
accounts is first described, followed by a description of the
accounts thenselves.

I CLASSIFICATIONS.

1. Thepe sre four basic classifications to be used in con-~
piling the accounts. These classifications deal with Indus-
tries, Occupations, Educational Qualifications, and Branches of
Education, and are discussed below.

A, Industrial Classifications.
2

o Industrial Classifications are used for purposes of dis-
tinguishing among various types of industries in the econouy.
Such classifications are in wide use throughout the world. For
standardization purposes, an International Standard Industrial
Classification has been defined by the United Nations (1) and
although nmany countries have developed their own industrial
ctassifications, most are in genersl confornity with the inter-
national standard.

3. The set of accounts proposed in this article includes as
one of its elements the Input-Output table for the econony.

The Input~Output table describes the purchases and deliveries

of interriediate goods by industrial branch, as well as the
deliveries of goods fron each branch to the final denand

sectors. (2) 1In addition, it is proposed that purchases and
deliveries of capital goods be treated in the saie nmaaner,
incorporating = table of flows of capital goods into the accounts.
A number of countries are beginning to coipile such tables.

B, Occupational Classifications.

4, Occupational classifications are used for purposes of dis--
tinguishing among the different occupations held by the labour
force. Such classifications are used in compiling information

(1) 11 ternationsl Stendard ILadustricl Classification of A4ll
Econonic activities, Statistical Office of the United Netions,
United Nations, New York

)
(“>For an exanple of the United States Input-Output methodology,
o see "The Interindustry Structure of the United States, 4
. ERIC Report on the 1958 Input--Output Study", Survey of Current
o Business, Noveuber, 1964, U.8. Departuent of Comzerce.
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} from population censuses. For purposes of stenderdization, an
International Standard Classification of Occupations (1.8.C¢.0.)
| has been defined by the International Labour Office (1) gnd
| although wany countries have developed their own gccupatlonal
classifications, most are in general confornity with the inter-
national standard.

5. The set of accounts proposed in this article includes ?able
which relate occupation to both industry and educational quali-
fication. These tables are to be coumpiled from the census.of
population or suitable surveys in a nanner which is compatible
Wwith the industrial and educationel qualification classifications
chosen. The educaticnal qualification classification is discussed
below.

¢. Fducational Qualification Classifications.

6. 4 classification of educational qualifications permits an
individual to be classified by the highest level of education
which he has achieved. In uost cases, only fornal education will
be considered, except where "informal' education is of such a
nature that it can be easily identified by means of special dip-
loras or soile other standardized mechanis:. which indicates suc-
cessful conpletion of a certain anount of "informal" education.
A classification of educational gualifications could combine
both the highest diploma or degree obtained and any additional
vears of study at a higher level for which 2 diplomna was not
awarded. Iu addition, the braumch of study for secondary educa-
tion and field of study for higher education could also be
included A standardized classification of educational gquali-
fications has been recorriended by the 0.E.C.D. (1)

7 The set of accounts proposed utilizes & classification of
educational qualifications both for purpovses of relating the
qualifications of the labour force to the occupations held by
nermbers of the labour force (as indiceted in B above), as well
as for purposes of classifying the school leavers during any
given year.

D. Classification of Educ:stional Branches.

8. L classification of the various branches in the educational
systen pernits students to be clasgsified according to their pro-

gress through the educational system  Such a classification
would include all branches of education at prinary, secondary

and higher education levels, and each year of study within the
branch. In addition, it would be desirable, as in the case of
educational qualifications, to classify higher education according
to field of 3tudy. A standerdized classification of the educa-
tional system has been proposed by the 0.E.C D. (2)

(l)Methods and Statistical Needs for Educational Plannin

- e s W

Nitectorate o1 Aoientific hiferis, O B.C.D., Parls, France,

1967 .

(2) 11
Q Ibid.
} EC -»._...:l.:....-.-

Full Tt Provided by ERIC.




DAS/EID/67.101 - 42 . Appendix 2

9. The set of accounts proposed ubilizes the classification
of education for purposes of relating school leavers to their
educational qualification upon leaving school (as stated in C
above). Also, the flows of individuals within the educational
systeil in a one year period is used in the accounts, and these
flows are recorded according to the educa¥ional classification
chosen. Finally, educational costs, both current and capital,
during a one-year period are broken down by branch of educa-
tion %defined by the educational classification) according

to the industries from which goads are purchased (defined by
the industrial classification).

E. Use of the Classifications.

10, Having defined the four classifications to be used, the
pertinent data is assembled according to the various flow
tables required to complete the accounts. The accounts record,
for a given year, the flows of goods and services, as well as
manpower, used by industry and education. The integrated set
of accounts is described below,

II. THE INTEGRATED ACCOUNTS.

1l. Figure 1 on the following page illustrates the principel
compcnents of an integrated set of accounts for education, man-
power and industry. This sct of accounts is assuned to apply tc
a one year period, and care nust be token to assure reasonable
corpatibility between data which unay have been collected at
different tiries during a given year. The degree of compatibility
achieved, however, is prinarily a natter of definition to be
considered during the construction of the accounts, and will

not be treated explicitly here. The diunensions of each of the
tables appearing in the accounts will depend upon the classi-
fications used. Figure 1 indicates both the names of the tables
as well as the symbols used to refer to then mathematically. The
meaning of each of the tables is reviewed below.

1. Inter-Industrial Flows of Goods and Services (Xl).

12. This table is the inter-industry transactions table for
the econory for the chosen year. It is a square table, the nunber
of rows and colunns being exactly equal to the nunmber of indus-
tries defined according to the industrial classification. The
table shows the sales and purchases of goods and services by
industry. Row 1, for example, shows the amount of goods del-
ivered by Industry 1 to each of the other industries (including
itself). Alternatively, Colurn 1 shows the amount purchased b
Industry.l from cach of the other industries (including itself).
An exanple of an entry in this table would be the anount of clec~
tricity purchased by the stcel industry during cnc ycar., All

of these goods and services are used for intermediate purposes

in the production process. Purchases of capital goods are
excluded. The dincnsion of the inter-industry transactions table
used in the G.A.M.E. Seninar is 23~by-23.

2. Capital Iavestient for Industry (Kl)o

ERIC 13. This table is siudilar to (Xl). Whereas the flows of

e
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intermediate goods are recorded in table (Xl), the flows of
capital goods are recorded in table (Kl)° Thus, the entries in
(Kl) forn a part of final dcmand. For each industry producing

capital goods, the row representing that industry will contain
the amount of capital goods sold to cach of the other industries
(including itself) during the given year. Rows representing
non-capital good producing industries will contain zero values.
Alternatively, each column indicates the purchases of capital
goods by that industry during the given year. A typical entry
in the table would be the amount of capital equipment purchased
frou the non-clectrical mechinery sector by the food products
sector. This cnbry would appear at the intersection of the row
representing the non-electrical machinery sector and the column
representing the food products sector. The dimension of the
inter-industry capital investment transactions table used in the
@.A M.E. Seninar is 23-by-23.

3. Goods and Services Used by Education (XZ)'

14, This table shows the purchases during the given year
for cach cducational branch of goods and services on current
account by delivering industry. It thercfore has thc sane
nurtber of rows as industries defined. The nw:ber of columns
(educatiocnal branches) depends on the classification of educa-
tion. Since it is normally impossible to divide educational
oxpenditures according to cach individual grade in a given
educational branch, the branches will not be subdivided into
grades of study, but will nevertheless conforn to the chosen
educational classification. Fach row of the table represents the
deliveries or non~capital goods and scrvices by the industry
represented by that row to cach branch of education. Alterna-
tively, each colwin represents the purchascs of goods and ser-
vices on current account by that branch of education fron the
industry producing the good or service. A typical entry in the
table would be the arount purchased by the Upper Secondary
Vocational branch on currcnt account frow the printing and pub-
lishing industry during the given year. This entry would appear
at the intersection of the row representing the printing and
publishing industry and the coluin representing the Upper Sec-
ondary Vocational branch. Entries in this table represent a
portion of goods and services delivered to final denand. The
dimension of the table of goods and services for education
(current account) uscd in the G.A.M.E. Seninar is 23-py-7.

4, Capital Investrent for Education (Kg)o

paacme 9 e e g - P e T R e

15. This table shows the cxponditures for capital invest-

nent of each branch of education in the given year by industry
producing the capital goods delivered. Each row, therefore,
indicatcs the coapital goods delivercd during the given year

by the industry rceprescnted by that row to vach branch of education.
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Non-cepital goods producing

The columns indicate the total P

tion of goods produced by each o

industries. A typical entxy in this table

capital investment goods purchased by the Upper Secondary
General branch from the construction sector during the given
year. This entry would appear at the intersection of the row
representing the construction sector and the column representing
the Upper Secondary General branch. Entries in this table
represent a portion of goods delivered to final demand. The
table of investment goods purchased by education used in the
G.A.M.E. Seminar is of dimension 23-by=~"7 .

5. Tlows of Goods and Services to the Rest of Final Denand (XFD>°

16, This table represents the deliveries of goods and services
Yo final demand (excluding industrial investment and education).
The row cach of the industries defined. The number

of columns depends upon the nuwmber of final denand sectors chosen
(e.g. Personal Consumption, Exports, Net Inventory Change, etc.).
Tor each final demand sector, therefore, the column representing
that sector shows the awount of goods and services purchased
during the given year fron each of the industries. The total
production of each industry is given by the sum of all deliveries
to industry, education and final demand. For completeness, this
sum is included as column (X) in the accounts. Column (X)
represents the Total colunn appearing at the right hand side of
the G.A.M.E. input-output table. .The rest of final denend table
used in the G.4.M.E. Senminar is of diuension 23-by-6. ' The five
tables thus far described forun thoe cxpanded set of inter-industry
accounts used in the G.LA.M.BE. Se¢rinar. S T

k]

6. Manpower Employed by Industry (Table 1\Tl).

LNSPRS KIRS & orw w4 wwww

17. This table records the number of individuals enployed
during the given year in cach defined industry according to
their occupation. Thus, eszch row of the table represents one

of the occupations defined sccording to the occupational class-
ification, anu the entries in this pow indicate the number of
individuals holding this occupation in each of the industries.
Alternatively, each column in the ftable indicates the number oL
individuals employed by each industry, according o their occu-
pation. A4 typical entry in this table would be the number of
engineers employed by the petroleunm industry during the given
vear. This enbry would appear abt the intersection of the row
representing the occupation of engineer and the column representing
the petroleun: industry. Tf salaries are substituted for the
nunber of individuals, and obther value added is shown for

ecach industry, the total inpubs into each industry for the
given year will be the sum of all the colunn entries. I is

for this reason that a row labelled "Other Value Added" and a
"Motal Inputs" row have been included in the accounts, in_con-
formance wWith usual input~output accounting procedures. Ia this
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form, the total inputs are exactly equal to the total outpubs,
i.e. to total production. Imn the G.A.IM.E. exercise, however,
table (;) was comnstructed oa the basis of the number of indiv.

iduals employed rather than their salary equivalents. The
table of manpower employed by industry used in the G.A.M.E.
Seninar is of dimension Z0-by-2%.

7. Manpower Employcd by Education (NE)“

Smeser

18. This table records the nwiber of individuals enmployed
during the given year in each branch of education according to
their occupation. It thercfore has the seme nurmber of rows as
defined by the occupational classification. The number of col-
urins is equal to thenumber of defined educational branches. A
typical entry in this table would be the number of secondary
school teachers employe¢ iu the Upper Secondary Technical branch
of education. This ~ntry would appear at the interseckicn of
the row representing the occugation of sccondary school teacher
and the column representing the Upper Sccondary Technical
branch. Although a large nuwaber of individuals employed aw
teachers will be recorded im this table, the table will also
include administrators and other supporting personnel. It can
be expected, however, that a majority of the rows will contain
zero entries since nany of the defined occupations are not used
by education. The table (N2> appears directly below the btable

of interiediate goods and purchases by education (X2> in the

sane way as the manpower table for industry (Nl) appears beneath
the inpub--output table for industr;»(Xl)o If salaries are
substituted for the number of iniividuals eunployed in table (N2>’
the total expenditure o current account for each breaiich of
education is obtained by swoiing doJn the column representing

that branch in tables (Xg) and Hz)q In the G A.M.E. exercise,

however, table (N,) was constructed on the basis of the nunber
. . - " . . \l—le
of individuals employed rather then their salidry equivalents. Mhe

table of mempower employed by educabtion used in the G.A.M.E.
Seminer is of dimension 20~by~7.

E':

.

8., Manpower Employed by trhe Rest of Final Denand (NFD>‘
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19, Since there remain final demand secotrs which ewploy
mnanpower, this table is deusigned to record thesc individuals,

The final demand sectors shown will be identical to those defined
for the table rceccording the goods and services delivered to the
rest of final demand. In this way, table (NFD) will appear ia

the accouwwts directly bencath tablce (XFD)U Most of the sectors,

ERIC
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however, will show no erployment. The total nurber of indiv-
iduals employed in a ziven occupation for the given year is the
surt of those employed in industry, cducation and the rest of
final demand. This sun is entered at the ripht of the accounts
in the colunn labelled (). The vable of manpower enployed by
the rest of final demand used in the G.A.M.E. Seninar is of
dimension 20-by-6.

9. TFducational Distribution of the Active Labour Force (0).

20. This table shows the educational qualifications of the
individuals euployed in eech occupation for the given year.

Each row, therefore, represents one of the defined occupations
and each column one of the defined educatilonal gqualifications.
Given the total number of individuals enployed in a glven occu-
pation during the year, these individuals are distributed across
the row representing that occupation in accordance with the
educational qualifications which they possess. A column shows
how niany people with a given qualification are enployed in each:
of the occupations. The suiz across the rows gives a vector
which is identical to the total employment vector (N) appearing
at the right hand side of the accounts. The table of ecducaticnal
qualifications of the active labour force used in G.A.M.E. is

of dinension 20--by-8.

21. Tt will be noted that tables (Np), () end (Ngp) defined

above provide a disaggregated set of accounts of the active
labour force showing both where individuals were enployed and
what occupation they held. Table (0) re-dissagregates this

same laobour force to relate information about cducationsal
qualifications and occupations. IFor purposes of describing

the accounts in the G.& M.E. Seninar, the terns "active" and
"erployed" were used interchongeably for sinplification. When
table (0) includes enployed and unenployed, the total nunber of
individuals recorded in this table will differ slightly fron the
sun of individuals included in tables (Nl), (N2) and (NFD)u Such

differences are prinarily a natter of the sources of dsta uscd
to obtain the two tables. For purposes of obtaining the coef~
ficients described below, either of the two formulations can be
considered equivalent for table (0), since the differeunces in

the coefficients obbained for the two formulations are statisg-
tically insignificent. The four types of neonpower tables des-
cribed above forwu the basis of the G.4A.M.E. naupower accounts.

10. School Leavers

22 . This table shows the number of individuzls who were in
the educational systen at the start of the given year, but
were nc longer in the systen at the end of the year (or, more
precisely, at the start of the next yeer.) Thus, the table
records the flow of students from the educational systern: to the
labour force. Each row of the table represents the branch and
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grade in which the student was enrclled ot the start of the

year in accordancc with the educational classification. The
colurins represent the educational gqualification with which the
student leaves the educational syste... Thus, each row contains
the number of school leavers during the given year fron a
particular branch and grade of education. These leavers iiay
include both drop--outs and greduates, and their educational
qualifications will differ accordingly. A4 c¢olumnn contains

the number of individuals who leave the educational system during
the year having abtained the educational qualification represented
by that colunn. A typical entry would be the number of students
who graduated from the Upper Secondary General branch and entered
the active labour force without continuing to a riore advanced
branch. This entry would appear at the intersection of the

row representing the last year of study in the Upper Secondary
General branch and the column representing the Upper Secondary
General qualification. This table also contains two additional
colurins on the right hand side for completeness of the accounts.
The first column pernits student deaths during the year to be
recorded, the second records those school leavers who are
unavailable for employnent. The school leaver table appears
directly below the table of the educational distribution of the
active labour force. The school leaver table used in the
G.A.M.E. Serinar was of dimension 25-by-10.

23, This table represents the flows of students within various
brenches and grades of education. It i1s a square table, the
nuriber of rows and colunns depending upon the classification

of education used. FEach row contains the number of individuals
who were enrolled in the branch and grade of education represented
by that row at the start of the givean year who continue their
education at the start of the next year. These individuals

are distributed according t¢ the branch and grade of education

in which they are enrolled at the start of the next year. The
table thus shows the flows of students within the educational
systen during a one-year pericd. Alternatively, each colunn
represents the number of people enrolled in that particular
branch and grade of education at the start of the next year,
these students being distributbted according to where they were
enrolled at the start of the given year. Thus, the intersection
of the row representing the second grade of the Compulsory branch
snd the column representing the third grade of the same brench
will contain the number of students who advanced from the second
to the third grade in the Ccmpulsory branch during that year.
Repeaters will always be found on the diagonal. The inter-
educational flow table used in the G.A.M.E. Seninar was of dimen-
sion 25-by-25.

24, Surning across each row of tables (E) and (L) gives the
total nunber cf students enrclled in each branch and grade of

- ERIC
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cducation =t the start of the given year (S(t))° This vectoer
is shown at the far right hend side of the integrated accounts
in Figure 1. By adding a row of new entrants into the educa-
tional syster during the given year (EN), the total enrolments

by branch and grade of education at the start of the next year

(S(t+l)) can also be included in the accounts. These two rows
are shown beneath table (E) in Figure 1. Tables (E) and (L)
forn the basis of the educational flow accounts.

25. For purposes of the G.A.M.E. Seninar, this set of inte-
grated accounts was designed to bring together, in a unified
framework, the nunerous individual accounts which were conpiled
by each of the three groups working in isolation or in palrs
during the first week of the seminar. Participants construc?ed
this set of accounts for the base year of the G.A.N.E. exerclse
on the basis of data provided then. The framework above seeks
to integrate flows of goods and services as well as flows of
humans. In this way, it was possible for participants to obtain
a quantitative "picture" of the G.A.M.E. economy during the

base year in terms of its production and use of goods and Ser-
vices, its use of manpower, and its training of additional indivi-
duals who will later enter the labour force.

26 . As was nrentioned in the body of this paper, these accounts
were used by participants in the G.A.M.E. Seminar to derive an
integrated set of coefficients for estimating parameters in the
G.L.M.E. Model. The nanner in which these coefficients are
derived fron the accounts is described below.

IIl. EDUCATION, MANPOWER AND INTER~INDUSTRY COEFFICIENTS.

27 Because the integrated set of accounts shown in Figure 1
will be used to derive the education, manpower and inter-industry
caefficients, these coefficients can be arranged in a unified
framework which is very sinilar to that of the accounts them-
selves. This integrated set of coefficients matrices to be
derived from the accounts is given in Figure 2 on the following
page. It is seen that Figure 2 clomely resembles the integrated
accounts in Figure 1. Each of the coecfficients matrices appearinrg
in Figure 2 is described separately below.

1. Input-Output Coefficients for Industry (Al)ﬂ

28 . This matrix is obtained from the accounts by dividing each
column in table (X-) in Figure 1 by the total production (X) of
the industry corre%ponding to that column. In this way, table
(Xl) is converted to a matrix of input-output coefficients. Each

coefficient appearing in a column in this natrix shows the amount
of each type of intermediate good used to produce one unit of
output by the industry represented by the colunn.

©
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FIGURE 2

EDUCATION, MANPOWER, INTER-INDUSTRY COEFFICIENTS
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2. Manpower Coefficients for Industry (‘-‘,'1)°

29, To obtain this matrix, each column in table (Nl) in

Figure 1 is also divided by the total production (X) of the
industry corresyonding to that column. The result is a nabrix of
nanpower coefficients for industry. Each coefficient appearing
in a colwrn of this matrix shows the number of individuals

each occupation required for one year to produce one unit of
output by the industry represented by the column. Since the
total production values are often given in units of millions,
these coefficients are often normalized to represent the number
employed per million units of gross output.

3. Investuent-Output Coefficients for Industry (Bl)u

30. In the same way in which the columns in table (Xl) were

divided by the values of total production to obtain the input-
output coefficients matrix, each column in table (Kl) in

Figure 1 can be divided by the total production (X) of the
industry corresponding to that column to obtain a mabtrix of
investment-output coefficients. Tach column of coefficients
shows the amount of each type of investment good purchased

during the given year per unit of output produced by the industry
represented by the column.

31. The three coefficients matrices described above show the
intermediate input, manpower and investment structures of
cach industry for the given year.

4, Input-Output Coefficients for Education (Az)°

EYEL S

52. This matrix is obtained by dividing each column in table
<X2> in Figure 1 by the total enrolments in the branch of educa

tion corresponding to the column. The convention chosen for
G.A.M E. was to use the enrolments at the end of the gilven year

(S<t+l>)L The coefficients in a column of this matrix show the
current expenditure on each type of good per student enrolled
in the branch of education represented by the column.

5. Menpower Coefficients for Education (7],)-

33, In the same wey in which it was possible to derive a
set of manpower coefficnents for industry, it is possible to
derive a set of menpower coefficients for education from the
accounts. In this case, each coluun of the menpower account
for education (N,) in Figure 1 is divided by the total enroluent

ERIC
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at the end of the given yeer (S(tTl)) in the branch of educa-
tion represented by that colwsn. A column of manpower coef-
ficients for education shows the nunber of individuals in each
occugition esployed in a given brench of education per student
enrolled.

r

5. Investnent-Output Coefficients for Education (Bz)o

e

L The investnent-output coefficients natrix for education
is obtainded by dividing each column in table (Kz) in figure 1

by the total enrolment at the end of the given year (S(t+l>)
in the branch of education corresponding to that colunn, ZFach
colunn in this ratrix shows the aziount of each type of invest-
nent good purchased during the given year per student enrolled
in the branch of education represented by the columm.

35. The three coefficients uatrices described immediately
above show the intermediate input, s.anpower and investment
structures of each branch of education for the given year.

7. TFducational Qualificetion Coefficients (/).

36 . Teble (0) in Figure 1 can be converted to a set of
coefficients representing the educationsl qualifications of the
active labour feorce, sirply by dividing the entries in gach

row in the table by the row tctal. If wultiplied by 100, these
coefficients would be identicel to the percentage distribution
of educational qualifications in each occupetion. These coef-
ficients describe the educational quelfication structure of the
labour force. Each coefficient shows the proportion of indivi-
duals erplceyed in the occupation represented by the row in whicl:
the coefficien appears who have the educational qualification
represented by vhe column in which it is found.

3. TFTducational Trensition Coefficients (/).

37 The Inter-Educaticnel Tronsition Coefficients Clb) and
the School Leaver Transition Coefficients CTi) are two sub-

natrices of the complete iatrix of transition coefficients for
the educational systen. These two matrices can be obtained by
dividing each row in the tables (E) end (L) in Figure 1 by the

total enrolients at the beginning of the Jedlr (S(t}; in sho

branch and grode of education represcnted by ‘that row. Because
student deeths and nen-participating school leavers are included
in the cducational flow accounts, this division by total enrol-
sonts ot the start of the period will also yield the student

wortality rotoc CTD) and” sclionliliwer non-participnticn retes
/’ " o :v- . o} - . . .
\r})u The intcr-cducational tronsition coefficicnts ghow the
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proportion of studente who rwove fro:: cac branch and grade of
education to another (or rcpent) during the given year. The
school-leaver transition ccefficicnts show the proportion of
students who leave a given branch and grade of education during
the year with the educational qualification represented by vhe
coluin in which the coefficient is found.
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DESCRIPTION OF THE G.A.M.E. SIMULATION EXERCISE

I. INTRODUCTION.

1. During the G.A M.E. Seninar, participants were divided
into three groups: the Education Group, the lManpower Group

and the Beonowic Group. The G.a.lM.E. Sinulation Exercise con-
sisted of the construction and the use of three sub-uodels.

These sub-nodels, when considered together, foru the G.A.MM.E.
Tducational Planning Model. The construction of the nodels
involved an extension of the accounting relationships established
in the integrated accounts described in Appendix 2.

2, The sinwulation was constructed in 3 stages. Each stage
successively brought the psrticipants closer to an overall
plan reflecting & reasonably consistent solution. This was
realized throuch a step-wise .ian-~riachine interaction. The 3
stages are:

(1) Progra:iics Foriulated in Iosclation;

(é) Uni-directionally Determined Prograimes;

(%) Iteratively Balaonced Programmes.

II. PROGRAMMES FORMULATED IN TSOLATION.

BR During thisstage, each group postulated a set of pre-
ferences in advance., These preferences were translated into
quontitative terwms. For exanple, the Education Group expressed
ite preferences quantitatively by postulating certain changes
in the cducational transition coefficients.

4, Having expressed their prefercnces in quantitative terus,
each group thoen used its nodel to solve for certain require-
-ents which satisfied iks preference. For instance, the Econo:ilc
Group solved for the iicnpower and production levels required

te neet its preferred f£insl deiiand.

5. Each group then prescented its prograil.e in terns of its
targets and requirec.ents. These isclated programizs, which

were independently arrived at, were subjected to a confrontation
with cach other, at which tine cach group subnitted its dencnds
o the cther two groups. 4fter consgidering the derands, an
inevitable inpasse was rcachced. nis ilupesse was brought about
by the feilure of the groups to interact during the foriulation
of the preferences and the prograies. It was therefore nec—~
esscry to seek an altermative iwode of progranue formulation.
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IIT. UNI-DIRECTIUNALLY DETERMILD PROGRAMITES.
P For this stege of the exercise, the sequence of steps

was initiated by the Education Group, which began by reformu-
lating its preferences amd its prograume in the light of the
experience gained in the first stage. This resulted in a new
set of rnanpower and economic requirenents for cducation.

7. The production requireirents were then channelled to the
Econoric Group, which refornulated its prograume to satisiy

the derands riade by the Education Group. On the basis of this
revised progremme, the Econc:iic Group arrived at a new set of
nanpower and production requirenents. These nanpower require-
ments, in turn, were channelled to the lNanpower Group. Mean-
while, the Bducation Group had chanmnelled its manpower require-
n.ents to the Manpower Group.

8. it this point, the Manpower Group re-foruulated its
prograrne in an atbteupt to saticfy all the penpower require-
nents. But in order to do so, it had to determine its reguire-
nents for quolified personunel over the plan period., Only the
Education Group could sabisfy this deiand.

© Whether or not the Educotiuvn Group was able to nake
available the required qualified personncl depended upon the
educational progrozme it formulated it the beginning of the
cycle. It was found that the requirenents and availabilities
of quelificd personnel were not corpotible, and thercfore a
second iipasse was reached. It was also discovercd that even
if these requirercnts hed been net, the overall plan would not
have been satisfactory fro:i the point of view of the Econonic
and Monpower groeups, since in sotisfying the Education group,
it had boen necessary te violate some of the other groups
preferences. This being the case, a fresh abttempt had to be
~nde to secure a mutually satisfactory plan in which new tar-
gets and requiresents for all groups would achieve & balance.

IV ITERATIVELY B.LANCED PROGRAMMES

10. Tn order o achieve rmutuelly balauced progranmes, it
becarie clear that it was essential that all groups raintain a
continuous interaction. This interaction permitted a nuuber

of iterations to be carried out. Eack group's prograzre was
subjected to a critical eveluation by the other groups, in

order to. force the group towerds a greater realisn by revising
its targets Arwnward. Such revisions resulted in lower levols of
requirements. By iteratively applyiug this procedure, the
progrannes of all groups nust eventually ccnverge to a uutually
consistent snd balanced overall plan.

V. PURPOSE OF TH .3 EXERCISE.

11l. This exercise allowed the G.A IM.E. participants to usc
o mnthenebicsl plenning i.odsl within a sinulcoted planning ervir-
onent. Tho —odel itoelf wes constructed by the prrticiper' o
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on the basis of empirical data. The iterative procedure used
from solving the r:odel reflects, to a large extent, the planning
process as it is carried out in the real world. The didactic
sirulation exercise denonstrated the following principles of
planning:

(1) Plans for education, ranpower and the econorny formu-
lated in isolation are dysfunctional;

(2) Even though the manpower and production requirenenss
of educatiocnal programmes are nade explicit, there
is no guaraontce that these requirenents will be con-
patible with the prograrmes of others;

(3) Only by an explicit ccomnsideration of the interdepen-
dent relationships amony eCucaebion, nanpower and the
econciy can consistency in planning be achieved.




