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INTRODUCTION

"One would naturally like the growth model to be

as realistic as possible. Unfortunately, great-
er economic realism can only be achieved through

greater mathematical complexity. A compromise

must therefore be accepted. The problem is to

find one which is appropriate for our purpose s

since we want the growth model to be mathemati -

cally simple, we cannot expect it to be very re-

alistic. . We can only demand that it enables us

to draw certain generally valid conclusions which
are essential to our purpose.”

M. Inagaki®

Referring to the choice of the growth model,
Professor Inagaki in his brilliant work 1 points out
a celebrated view which is, more or less, a common
feature of all economic activities. Obviously, in
order to achieve practiecal usability, any mathemati-
cal model used in economics requires some simplifi-
cations for assuming the reality to be a little sim-
pler than it in fact is. What is a worry, there -~
fore, is not the existence of simplifying assumption
as such, but those specific ones that seem to put us
on the wrong track altogether.

* .
Professor of Economics and the Director of Interna~
tional Institute for Quantitative Economics.

10ptimal Economic Growth, p.3, [10].
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Following Professor A. K. Sen [18], it seems permiss-
ible to say that the relation between theory and statisti-
cg is an intricate cmne. Theories, to be empirically
sound, must be based on data, but statistics, in their turn
cannot be efficiently collected and compiled without some
notion of a background theory.

In a new field like that of the economics of education
and that of manpower planning, such background theories can
prove to be the biggest stumbling blocks. A number of app-
roaches have cropped up in the field, and statistical works
seem to be proceeding in a varlety of directions.,

It is not altogether clear, however, whether all these
approaches are practically promilsing. Since the quality
and the amount of data leave a lot to be desired, rejection

or verification is net very easy. 1t is, therefore, all
tie more necessary that the underlying logic of the back -
ground theories be very carefully examined, to make sure

what exact economic assumptions they imply, and to what ex-
tent these are plausible relations to expect.

The main objective of this paper is tg present and ex-
amine the Tinbergen, Correa and Bos approaches to the prob-
lem of education and manpower planning, which have been
widely argued in the last decade, and to apply a simple ty-
pe of that model to the Iranian educational system.

Therefore, the paper consists of two parts followed by
a mathematical appendix and a list of references. Part I,
which is of 2 more theoretical nature, deals with Professo-
rs Tinbergen, Correa and Bos' approaches to the educational
planning. The improvement of the models as well as some
sound comments made on them will be argued accordiangly.
Part TI works out the applications of a simplified wversion
of the Tinbergen/Bos model to the educational system of
Iran, Tn doing so, by using the resal data of the year 1966
in the adjusted model, the balanced growth of the Iyanian e~
ducational system has been claculated for three time periods.

*n the light of this assessment, I feel deeply indebted
to the werks done by all the authors listed in the referenc-
es, Tt~ work done by Dr. F. Aminzadeh at Iranian Plan Org-
anization was of great assistance in this approach.
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PART ONE

PRESENTATION OF THE MODEL

Aim:

The aim of the model is to represent the link be-
tween economic development and that of the educational
system of a nation and, therefore, to describe the de-
mand flows for various types of qualified manpower to
be expected from the organizers of production and of

- education,

Characteristic Assumptions:

In building the model, certain basic facts are ta-
ken into account such as [20] :

"l..economic life needs a stock of qualified man-
power; the flow of new graduates from educational est-
ablishments represents-a very small proportion 6f this
stock in view of human longevity;

2. education often consists of a series of succes-
sive stages, each depending on the former for its supply
of new recruits, e. g. expansion at university - level
would be impossible 1f sufficient secondary -level pgra-
duates were not available;

3. parts of the stocks of qualified manpower must
be used in the education process itself as needs are us-
ed in agriculture;

4. qualified manpower may be imporred”.



ENUCATIONAL REQUIREMENTS OF ECONOMIC 172

The Basic Model:

In the light of starting point for the sake of bre~
vity let us consider the simplified version of the model
first published in " KYKLOS" [6];

2
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Where:
v = total volume of production ( income ) of
the country
Nz = the labour force with a secondarv edu-
cation
N3 = the labour force with a third-level edu-
cation
mZ = those who have entered the labour force
ithin the previous 6 years
3

m = those who have entered the labour force
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N3 within the previcus 6 years

n? = the number of students in secondary education

a3 = the number of students in third-level educa-
tion

vz & v3 = fixed coefficients wich determine the rela~

tionships between production and the labour
force with a secondary education and third-
level education respectively

A& A" = fixed coefficients which determine those al-
ready in the labour force with' 2 secondary
education and third-level education respecti-
vely, one period earlier and have dropped
out owing to death or retirement. '

The Interpretation of Equations:

In the model, equations (1) and (§) will simply
stand for the requirement equations of the two capital
goods yNZ and N3 , the capital coefficients being assumed
fixed. Equations (2) and (5) express the fixed proror-
tion depreciation of the two kinds of capital goods and
the rate of their growth given by new additions to - the
stock. - Equation (3) represents that capital goods of  type
N2 can also be used as an intermediate product - for the
production of p3 s Which 1s 'a more refined product , and

equation (4) will express only the fact that capital
goods produced in this peroid are available for use in
the next.

Main Features of The Mode]:

1. The above-mentioned model which is an approach in
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ﬂhe context of the quantitative adaptation of education to

accelerated growth, consists essentially in postulating
fixed relatione between stocks of educated manpower and
units of national income. .It impiicitly assumes away the
possibility of substitution between educational resources
and productive factors of other kinds.

2. 1In this model, labour units both secondary and
third-level education appears as capital goods with rigid
relationships to real national income. These relation-
ships are linear, i.e. fixed " capital-output ratlos" are
assumed to prevall for human capital. Equation (1) and the
First component in equation (6) togather form 5 Leon-
tief-typet set of production functions.

3. There are two scarce.resources viz,," the total

stock of people with a secondary education ( N ) Lt and
“Lthose with a third-level education ( N3 } " for time
period T.

4. As already mentioned, the need for N2 is taken
to be simply proporsional to national income and the same
for that part of N” which is used for pro%ucing national
income; but there are two other parts of N” employed in
teaching people at the secondary and the third~level, these
requirements are also taken to be proportional.

5. The stocks of secondary and third-level educated
manpower of this period depends on the stock last period
minus the part of the last period's stock eliminated by
death and retirement. This "drop-out" is taken to be a
fixed proportion of the last peried's stock.

€. Because of the distinction between two types of
human capital: educated manpower (1)} necessary to attain a
certain level of real iIncome and (ii) teachers needed to
produce educated manpower, the model gives more insight in
to the structure of a growing economy than traditional
growth model based on real capital and assuming that capi-
tal is a homogeneous factor.

1. lLinear-Limitational, i.e. any possibility of substitu—
tion between secondary third-level educated labour is exc-
luded.

2. The assumption of “given teacher-pupil ratios."
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to the structure of a growing economy than traditional gro-
wth model based on real capital and assuming that capital
is a homogeneous factor.

7. Since it has been assumed that the primary educated
people are abundant, therefore, manpower of this type is not
considered to be a scarce factor of production in the model.

These are the main features of the first model by Tin-
bergen/Correa and the rest consists in the working out of
the implications of all these and of a few other minor ass—
ump tions.

The Mechanism Of The Model:

The model wich is called "the balanced growth model" has
been bullt on the rationale that "the ideal development of

the educational system is one of regular growth parallel to
the desired growth of the economy. " l Therefore, if the eco-
nomic varlables develop with a constant rate of growth, it is
possible to find one path of development of the educational
variables showing the same rate of growth.

According to the model, each growth rate of the economy
is linked to a certain structure of the educational system.
As soon as the parameters of the equations of the model are
estimated, the equilibrium structures for alternative rates
of growth of the real product may easily be derived. there-
fore, once an equilibrium structure has been attained, the
rrecass of balancedgrowth starts, and it continues as long as
the rate of growth of real income remains constant.

1. A plauning Model for Educational Requirements of Eeonomic
Development, p, 150 [20].

2. Taking for granted that the structural parameters do
not change.
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Mathematical Interpretation of the Balanced Growth Model:

The process of the balanced growth looks very simple.
Because of the assumption of linearity, all variables grow
at a constant:rate. If we write down the relationships be-
tween the rate of growth of real product and the wvariables
with wich educational policy is concerned as elasticity co-
efficients, all elasticities would amount to unity. As long
as we are concerned only with such states of balanced grow-
th, we may forget the time suffixes; the system then appe-
ars to be "timeless;" this is typical for any equilibrium
solution of dynamic models. A simple final equation would
establish the relationship between income growth and the
development paths of the varlables of the educational sys-
tem. -

Necessity of Long-Term Perspective Educational Planning:

Economlc development, In the ways it 1is proceeding
nowadays, is essentially a matter of the creation and assi-
milation of technological progress. This affirmation sho-
uid be complemented by another one: technological progress
is principally a matter of the quality of the available hu-
man factors. Abundant studies now available demonstrate
that the development of an economy is partly a function of
the sum total of the human factors, Here we are taced
with the most complex of all the problems i1nvolving the
formulation of a development policy, that improving the hu-
man factors takes time, and 1t 1s possible only if adequate
forming patterns are available, Therefore, we lead toc the
slgnificance of the educational long~-term planning along
with the development planning of a given economy.

The main aspects of any educational long -~ term plan
should be:

a, Embracing a serious politico~sociological study »f
the problem of how, and how far, traditional educational p-
atterns had contributed to the failure of social and econo-
mic progress in the past. Such a study is the essential
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basis of all educational planning. It must discover whethgr
the attitudes which are hostile to economie progress  have
been the result of a specific structure of education,and what
Modification of that structure are needed to obtain in a new
apprach to the technical requirements, in terms of knowledge
and training of economic expansion.

. b. The other main aspect of any long-term educational p
lanning demands an idea of the shape of economic development
that is hoped for.

Ability of the Model for Perspective Planning:

At this stage of study, we are interesed in knowing if
the Tinbergen/Correa model (hereafter Tinbergen-I) has the
ab lity of long-term planning or not.

We have already mentioned that in an equilibrium solut—
ion of such a dynamic model, a simple final equation would
establish the relationship between income growth and the dev~
elopment paths of the variables of the educational system,
Such a final equation shows the boundaries of the model for
the purpese of longrun educational planning.Following Bombach
(4] we may assume a growth rate of real product 5 percent
~year., According to the Tinbergen-I model, third-level man-
power would have to increase by the same rate.It may further-
more be assumed that total labour force increases by lpercent
annum, and that at the beginning of the period of balanced
growth. the share of the third-level in total manpower was 5
percent it would take only 75 years {or about 12 unit perlods
dssuming each period of time equals to 6 'years) in order . to
make total labour force 100% unicersity trained, which is ra-
ther a silly result,

Transition Problems:

In combating with unfair results of the model and in or-
der to make the approach-more realistic, i.e. considering
accelerated economic development |, the transition problems .
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have been introduced.l Of course, by introducing the tran-
sition process and productivity increase accordingly,the re-
sults of the model do not look so off base as before. But
we are left with the same fundamental difficulty as long ag
one asticks to constant (hoewer different from unity) elasti-
cities, but with differences in grade. With the elasticity
coefficient above unity, the shares of secondary and¢d third-
level educated manpower always move against the 100 percent
margin; only it takes less time, An eldsticity smaller than
unity, on the other hand, causes the shares to.develop towa-
rds zero, which is alsc impessible.

Hence, it is permissible to conclude that for long-term
considerations over—-simplified relationships between growth
rates and educated manpower requirements are bound to be mi-
sleading.

Problems Caused by Qver-Simplification:

We are already aware of the misleading consequences ca-
used by some over-simplification assumptions. Taking into
account such difficulties, Tinbergen and Bos have tried to
revise the basic model (Tinbergen-I) through some possible
generalization’, The refinements they have made to counter-
act some of the drawbacks of over-simplification are as fol-
lows:?

" a. giving a more general form to the demand function
for manpower of various types;

b. disaggregating production into a number of sec—
tors having different manpower requirements;

1. Transition problems have been explained with the prese-
nce of foreign aid and without it. For more details refer to

2. A Planning.Mpdel [20] , p.159 .
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c. creating a method of dealing with drop-out in edu-
cation;

d. providing an alternative method of treating retire-
ment;

e. Introducing more stages in the educatidmal process; -

f. 1introducing smaller time units into the time struc-

g. eliminating surpluses of certain types-of manpower."
The Revised Model:

By elaborating some aspects of the basic model, Tinbergen
and Bos have introduced a revised model (here-after Tinbergen-
II); 1its main aspects are follows:

1. Instead of simple proportionality (linear relation)
and constant coefficient (v°) between manpower stock with se-
condary, third-level education ( N2 , N3 ) and the level of
production (V.), the following relationships have been assumed:

2 = 20 yv L
(1a) Ne ve v ( 3, )
. 32
3 v v 3
(6a) Nt = \)30 vt3l ( t ) + g2 n?.. + 17 L3
t t t

In equation (la) the stock of manpower with secondary
education is a functjon of the level of production(V) and the
per capita income (—4—) . In this relationship, per capita
income measures approximately the inverse effect of in-

1. _a represents the number of total production,.
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creasing labour productivity on the demand for manpower. 1

Similarly, this effect is measured on the demand for . man-
power stock of third-level education im equation(6a).2

2. The next elaboration of the model is disaggregat-
ing production (or total natiocnal income) into a number of
sectors with different manpower requirements. For the sake:
of simplification, in the Tinbergen-II model, only two

1. 1In order to simplify equation {(1a), Tiobergen and Bos
have supposed the time paths of Vt and a; were as follows:

UJt m't '
¢ =V, or, approximately, Vt = Voe , 1f w' = w-1 and

: t 1 g
= a = o t ! = -
a_ = ay" or, approximately, at = a,_ , if a a-1

By substituting these equatioms in (la), they have found:

2
e e 22
where W% - u20V021+ u22 a;U and Y5 =(u21+ vzz)u'—v223'+l

2. By using the above assumptions about the time paths of
V,.-and & it is possible to replace the first term on the

right-han& side of equation (6a) by the expression:
W 5

Where W3 -
o

¥'t or, approximately, NE = w§¢§. 1 ', = 9p-1

31+ 32 22

a.— Vv

g, v
v Vo o

and ¢, = 3L + 32 y'-v3Zat4 1

It should be mentloned that the v coefficients will
not be the same for second and third-level manpower. The
coeffjcients wg and ¢2, therefore, will be different fr-
om W; and y3 respectively.
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gectors have been considered to comprise the whole economy.
Therefore, equations which are based on production, i.e. eq-
uations(l) and (6) are reformulated for any of the sectors
separtely and two other definition equations have been added
to the model.

The new equations are:

(3.1a)  1N2 = 1 y2y} (3.62) 183 =1 %!

(3.1) 2N = 2 yH2 (3.66) 283 = 2032 4 52n2 4+ 53,3
2 = 152 2 3 . x3 3

(.1e) N2 = NT + 22 (3.6e)  N; = INJ + 2§¢

Where:

Vl = net output of sector 1

v2 = net output of sector 2

IN® = labour force with a secondary education in sector 1

(a4
b
]

labour force with a secondary education in sector 2

1K = labour force with a third~level education in sector 1

ra
=
W
1

= labour force with a third-level education in sector 2

It should be mentioned that in equation (3.6b), the te-
achers of both level of education have been included in seg-"
tor 2.

3. In equation (3) in the Tinbergen-I model, the num-
ber of newcomers to the labour force with a secondary equat-
ion was equal to the number of students one time unit earl-
ier minus the number of students now in third-level educat-
ion, Therefore it was implicity assumed that all students
enrclled at secondary schools will, one period later, either
loin the labour force with secondary education or be enroll-
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ed In the third—level education.

It is clear that such an assumption 1s far from reality
because {a) not all students enrolled in a given level of
education will necessarily graduate after six yearsl, and (b)
there is no certainty that all graduates will either join
the labour force or will continue their education towards a
higher level.

Hence, in modifying the model, equations ( 3 ) and (4)
have been reformulated as follows:

2 21 2 22 3 3
(4.3) m = wWnp g tuim g -ng
3 3.3
(4.4) my wnl g
here:

uzl = fraction of the number of studﬁnts enrclled at second-
ary schools one time-period earlier;

u22 a fraction of the third-level students who do not comp-
lete their studies and join the labour force with a second-

ary education;3

1. Some do not complete their studies; others fail their
examination and may complete their education in lenger peri-
ods than what is assumed equal 6 years.

2, This fraction has been assumed to be numerically propo-

rtional to the number of third-level students one pericd
earlier.
3and 4 this fraction has heen assumed to be numerically

properticnal to the number of third-level students one per-
iod earlier.
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43 = fraction of third-level students who finish their stu-
dies within a glven Reriod and join the labour force with th-
ird-level education.

4. Considering equations (2) and (5) of the basic model
(Tinbergen-1), we find out that the drop-outs owing 50 death -
or retirement are assumed as a proportion ( A ‘and A Yof tho-
se already (one unit of time earlier) in labour force. Since
the amount of this proportion depends on the age composition
of the stock of manpower, the assumption made in equations (2)
and (5) of the basic model is too simple and misleading because
in the case of rapid development, the age composition of the
stock of qualified manpower is bilased in favour of younger ge-
nerations. Therefore; in order to be more precise, a distin-
ction between the various age.classes of the manpower stock
is required. Furthermore, the application of retirement ra-
tes characteristic of each age class is also needed.

Since such precise treatment introduces far more time un-
its than are in the basic model which make it considerably
complicated, Tinbergen and Bos have made a simpler approach
to adapt the numerical values of the coefficients A2 and Ato
the prevailing conditions. By introducing factor T standing

for the productive life of an individual, they have .replaced
equation (2) by:

2 2 2 2

Ne Ny = We_p + 3¢
in WhiCh.m%_ represents the number of those who entered the
secondary educated labour force T time units earlier. In this

equation, it is assumed that retirement takes place only due
to old age.

Comparing equations (2) of the basic model with this re-
formulated one, it can be shown that 32 a W=l where u is
the ratio of production in year T to that T-1
in year t-1, “

5. Another possible generalization to be made in the mo-
del {is considering the education Processes more than two (sec-
ondary and third-levél). Sometimes it seems usaful to split up .
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third -level education into different fields. Supposing.
three major fields: arts, sclence and engineering as the
breakdown of the third-level education, it is possible to
replace equation (3) of the basic model with the following:

2 2

= - n? - % - ne
mt nt_l nt nt I].t
e
Where n2, n® and n, stand for the number of students in

the art, scilénce and engineering departments respectively.

6. Considering a uniform education period of six ye-
ars for both secondary and third-level education and conse-
quently appearing only one lag in equations (3) and (4) due
to that assumption, considerably simplifies the calculations
to be made and 1s misleading as well. If the education
periods are different for secondary and higher education ,
one. has to use a shorter unit period for the model, and the
various education periods have then to be expressed in mul-
tiples of the unit period. This would result in more com=-
plicated (higher order) systems of difference equations.

Tinbergen and Bos are of the opinion such refinement
in time structure " may be required, and would be desirable
(though not absolutely necessary ) if the duration of the
two stages of educatlon differs."

7. The last elaboratiom which has been made in the ba-
sic model is about the elimination of surpluses of a given
educational attainment from the labour force. The avail-
able labour force with a given level of education may sur-
pass the needs of the economy for that particular type of
MANPOWET . This may be expressed by unemployment, ineffi-
cient use of labour and /or relatively low salaries,and may
affect all graduates of a given level, (e.g. university)or
only those in specific fields (law, humanities).

Tinbergen and Bos have explained a way for Planning
the elimination of such a surplus in one time unit and two
time units.

Summary of the Modifications Made in the Basic Model

Tinbergen and Bos, as already mentioned, developed the
basic model By Introducing some changes, without altering
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the basic approach. These changes are as follows:

1. Considering a fixed proportion of '"wastage" ( e. g.
due to failure to pass or to continue study, due to seeking
educatlon for purely cultural reasons without wanting -~ to
use it).

2. The possibility of an initial surplus of some kind
of educated stock.

3. Relating manpower requirements to sectoral compon-—
ents of national income, and not to aggregated national in-
come altogether,

4, Taking a not-necessarily proportional, but _unique
relation between educated manpower and the product.

We may note for example, postulate that when output goes up 10
percent the stock of secondary educated manpower requirements
goes up by 5 percent. But while this relation is not proport-
ional, it is unique, in the sense that a 10 percent increase
in output requires a fixed amount of expansion of the educat-
ed stock, no matter what else we do in the economy. We cannot
cut down the requirement of educated stock by chooslng other
techniques of production requiring, say, less of this kind of
education.



EDUCATIONAL REQUIREMERTS OF ECONOMIC 187

PART TWO
THE CASE OF IRAN

Investigations and prognostications, undertaken during
the last few years, concerning population explosion in Iran
have guided the planners in Iran to include a population va-
riable in the development plans of the country. Hereunder,
in order to have some idea about the population probiems,th~
ere is a brief account of the composition of population and
its educational characteristics in Iran in 1971.1

Population

Iran's population has been increasing rapidly in recent
vears from 25.8 million in 1966 (second census in Iran)to 390.2
million in 1971, Thus, within the past five years, Iran' s
population has incriased by 17 per cent; and 55 per cent fr-
om the first census™ { 1565 ).

The relative population density in 1971 was more than
18 persons per square kilometer. Abgut 41 per cent of the
population resided in the urban areas™ and the rest in the
rural areas. Another characteristic of Iram's  population
in recent years has been its skewness in favour younger gro-
ups. In the census of 1966, areund 55 ner cent of the opon-
ulation was in the 20-year-old or less age group: this per-

1. The latest available formal data (Central Bank Of Iran ,
Economlic Report 1971).

2. Figures for Iran's population in 1971 have been taken fr-
om the estimates of Iran Statistical Center.

3. All centers of provinces and localities with  population
of more than 5, 000 (Iran Statistical Center}.
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centage was 57 in 1971. The youth dominated population py~
ramid has necessitated new investments in education, train-
ing, health and social welfare and has posed serious questi-
ons concerning employment which makes it imperative to incl-
ude or employmenp variable in the next plans,

Education

In 1971, considerable increagse in the number of studen-
ts as well as schools was quite noticeable. The number of
elementary schools reached 15, 000 with 3 million  students
and educational corpsl schools with a 30 per cent increase
registered 11, 000 with a total of 504,000 students . Not-
withstanding the fact that there are now 3.5 million studen-
ts in elementary schools (1l.6 per cent of total population )
and that efforts of educational corps in the fight against
illiteracy have not been successful enough, as there 1s still
a large portion of 6-12 year old group which 1s not receiving
compulsory_elementary education. According to the latest es-
timates, about 55 percert of of educationally eligible childr-
én In 1971 have had access to the country's schools.The same
ratio for 13-18 year -old age group (secondary school studen-
ts) reaches 18 per cent, Nonetheless the number of secondary-
school students registered in 1971 a cose by 13 per cent and
accounted for more than one million. In 1971, following the
trend of recent years, the number of students enrolled in te-
chnical and professiocnal schools was not sufficlent to meet
the ever-increasing needs of new industries in the context of
economic expansion. Considering the need for rapid rate of
growth of industries, the shortage of technical trainees, who
only consisted of 3 per cent of total student population, was
quite noticeable against the sharp needs of the country for
manpower with average technical abilities,

1. Literacy corps 1is one of the twelve-point of so- called
"White Revolution" initiated since 1962.

2. Iran tatistical enter.
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The number of university and higher education students
reached 75, 000 of which only 25 per cent were girls. The
increase in the number of university students 1n recent ye-
ars has been quite substantial, increasing by one and half
fold from 1968 to 1971.

Application of the Tinbergen/Bos Model to the Educational
system of Iran

In order to explain the procedures followed to apply
the Tinbergen/Bos model to the Iranian educational sysiem ,
first the genersl modified model will be exposed, and then
along with the' explanation of the equations and the measur-
ements of the coefficlents, the rationale of the steps whi-
ch have been followed will be tackled.

Finally, by using the estlmated coefficlents, we will
calculate the pattern of balanced growth for 3 time periads
accordingly.

Q) z = Wiy
Modified 2 = N2 w2 2
Model @) N Ny ~ ®gy2 ¥ ¢
2 _ 21 2 22 3
{3) my Gl + u ng_ —ng
) o} = vl
3 . .3 _ .3 3
GY N = Ny mmgtm
3 _ .3 2.2 . 33
(6) Nt Vv, + 1 n, + 1 n?
Equation(1)

Equation (1)} links requirements of secondary educated
manpower to the volume of production. This relationship
has been assumed to be numerically proportional , The para-
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meter which relates secondary educated manpower(N;) to the
volume of gross domestic product (V_} and has been. shown by
v¢ can be interpreted as the inverse of ordinary labour pro-
ductivity ratio ("labour coefficient” in input—output term-
inology), with_ the modification that it refers to educated
manpower only.

The value of vZ for the Iranian economy has been  ac~
counted for the year 1966:

2
w2 = Ng¢ = 178.3 | 4425 2
Vee 6840

The time unit (t) has been assumed of six vears. The
education period for secondary level is 6 years in Iran,
and for the sake of simplification, it has been assumed
that the average period for third-—level education is also
equal to &5 years.

1. Equatden (1) in thls sense has been treated as a pro-
duction function. Following Professor Bombach [4]},it is
possible to interpret that egquation in quite a different
way, namely as consumption rather than a production func-
tlon. When people become richer they want to be better
educated,regardless of whether they really need this educa-
tion for thelr job or fer getting higher education for the
sake of self-gatisfaction, Considering Iranian students,
especially the pupils studying iu high~schools, there is =a
high proportion of female students who receive  education
without any desire to enter a professional career . This
seems a strong reason to be much in favour of consumption
function approach rather than production.

2., In this calcluation, the unit for N2 and V one thou-
sand students and one million dollars respectively.
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Equations {2) and (5)

These equations are identity-type equatieons which equ-
ate respectively the stocks of secondary and third-level e-
ducated manpower this period with the stocks of these people
one time unit earlier, plus those who have joined them du-
ring the previous 6 years minus those already in the labour
force one period earlier have dropped out owing to death or
retirement. In these equatioms, T2 and T° stand for the
productive life of individuals with a secondary and a third-
level education respectively,

According to the measurements made for the  productive
life of manpower in Iranl, these life-~time manpowers with a
secondary and a third-level of education have been estimated

48 and 42 years respectively. Considering Ehe unit of time
equals 6 years, the values of T“ and T3 are:*
T2 = 8 T = 7

Equations (3] and (4)

According to equation (3), the number of persons join-
ing the labour force with secondary education will be equal
to a fraction (u2l) of the number of students enrolled at
secondary schools one time-period earlier, plus those third-
level students who do not complete their studiess with a

i. Social and Economic Bureau, plan Organization, Iran .

2. By using » = w — 1 where ) stands for the fractiomw alrea-
T
w=-1
dy dropped out one time unit earlier and w as the ratio
of production in the end Sf pericd t to that in the end
of period T-1, we find: A = 0.011 and A3 = 0,018.

3. Assumed to be numerically proportiomal to the number of
third~level students one period earlier.
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coefficient (p22) minus those who have completed their se-
condary educatlon and continue their studies at the third-

level.

Equation(4) expresses that the number of persons join-
ing the labour force with a third-level of education is a
fraction (p3) of the number of students enrcolled at the-
third-level one périod ‘earlter.

It is worthwhile to be mentioned that u22 < l-u3; si-
nce 1-p3 includes both the proportion of third-level stu-
dents who do not enter the labour force at all and of those
who do not complete their studies, while p22 includes only
the latter proportion.

The values of uzl, p22 and p3 in the case of Iran
have been calculated as follows 1,

UZl = 0,38

w22 = 0,011

w3 = 0.87

Equation (6)

Equation (6} is also an indentity equation which equ-
ates the manpower with a third-level education to the sum
total of those employed in production2 and of those teach-
ing at both levels of education.? In this equation, v3 is
the ratio of third-level graduates to the volume of produ-
ction ( Gross National product in the case of Iran)and its
Value has been accounted in year 1971 as

1. Refer to appendix. '

2. The number of third-level graduates employed in produc-
tion is assumed to be proportional to the volume of produ-
ction.

3. The numbers of those teaching at secondary and  third-

level studies are assumed to be proportional to the respe-
ctive student numbers.
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53.2 .
=55 = 0.008
2

m“ and w3 stand for teacher-student ratios at secondary and
third-level of education respectively. Their accounted wva-
lues for Iran are:

v3 =

m = 0.03

n3 = 0,07

these last two coefficients , imply 35 and 15 students per
teacher respectively.

The model with estimated coefficients, therefore, is:
2

(L) N = 0.025V,

2 _ 2 _ .2 2
(2.a) Nt Nt—l mt—B +m

2 2 3 3
(3.2) m, = 0.38n , + 0.0llny_, - ny
(4.a) mi = 0.8703

3 3 _ 3 3
(5.a) Nt = Nt-l M7 + m¢

3
(6.2) N = 0,008V + o.osni + 0.07ni

For the sake of simplification, it seems permissible ,
instead of using equations (2.a) and (5.a) to apply the fo-
llowing equations:

2 2

(2.6) N (A-2%) N_ )+ m
5.b) N = -2 N +a

in which the values of 32 and AB, as already calculated,l
are:

A% = 0,011 and A3 = 0.018

1. See p.25 of this paper.
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Therefore the model is:
2 =
(1.b) Nt 0.025Vt

(2.b) N2 = 0.989¥2_, + m?

£ 1
(3.b) m2 = 0.3802 + 0.011n3_, - 3
(4.b) md = 0.8703_,
(5.b) N = 0.9828)_ ) + m3
(6.b) N} = o.008v, + O.ani + 0.07n3

Pattern of Balanced Growth

Assuming that economic variables develop with - cons-
tant rate of growth, it is possible to find a path of de-
velopment of educational variables showing the same rate-
of growth. Thisg pattern of development, as already menti-
oned, is called " Balanced Growth." For a system to move
along such lines, the initial circumstance (to be indicat-
ed a suffix t = o) have to satisfy certain conditions.,.

In order to establish the above-mentioned conditians
for the casa of Iran, assuming the exponential pattern of
growth, i.e. V_= Vomt in which V, is the initial value of

V. and w is the rate of growth per six-year period, we ta-
ke the following steps:

Considering the formal growth rate of economic devel-
opment per year, say 9 percent, 1 the rate of growth  per
six-year period should be:

5 = (1+0.09)° = 1.48

L. This rate has been established for gross national.pro~
ducts of Iran by the Fourth Development Plap.
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, Therefore, the time path of the economic growth should
be:

- t
Vt Vo 1.68
This path of growth is characterized by an increase in gro-
ss national’ product of 68 per cent per six-year period .
Hence, the assumptions of the balanced growth are:

2 _ 2 t 3 _ 3 t
2 _ 2 t 3 _ 3 t
n. = ol 1.68 ny = n> 1,68
2> = m 1.68° m> = nd 1.68°
t o t 0

By substituting these assumptions in equations(l.b) to (6.
b} of the model, we shall find the following conditions fu-
1filled by the initial values:t

v 0.025V N 0.011V_
2 - o.089V 3 = 0,010V
I:I.o - N o no bl * o

2 3
m, = O.OlOVO m, = O.OOSVO

These equations determine the structure (i.e. the pro-
portions) of the educational system as well as its absolute
level. Supposing the year 1966 as the base, the values of
the educational factors of Iran have been calculated for
three cansecutive periods. o

1. Refer to appendix ** for calculations of the coeffici-
ents.,



BALANCED GRONTH OF THE EDUCATIONAL Sy
| . STEM OF
FOR 68 PERCENF GRONTH PART PER 6 YErme "

Production in millione of de¢llars* population in theusands,

T 1 M E P ERIOQOCD
Symbols Variables 1966 1966 196672 1972-78 1978-84
( Real) {(Estimated)
V  Volume of production 68401 6840.0 11491.2 19305.2 32432.7
zh Manpower with secondary education H:.unmv 171.0 282.3 482.6 810.8
Zu Manpower with third-level edicat- uu.MGV 75.2 126.4 212.4 356.8
opm
ﬂm Students in secondary schools umm..\.?u 608.8 1022.7 1718,2 2886.9
nu Students in third-level education um..\nuv 68.4 114.9 193.1 t324.,3
EN Manpower with secondary educatlon
and under 6 years employment - 6B.4 114.9 153.1 324,3
Eu Manpower with third-level educat-
ion and under & years employment - 34.2 57.5 96.5 162.2

Sources: (1) Ministry of Economy, Statistics Bureau
(2) and (3) Iran Statistical Center (12).
(4) and (5) Ministry of Education

* 1 Dollar = 75 Rials,

Repoart, Tehran (1968)..
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COMMENTS AND CONCLUSIGN

In the course of economic development, there seems to
be a growing tendency towards manpower and educational pla-
nning. In order to have the various kinds of qualified ,
skilled or trained labour available at the right time and
in the right numbers to ensure the society's development ,
having an education plan is inevitable. The essential pr-
oblem is thereafter how to gear education to the requireme-
nts of soclety.

Fortunately, in handling the problem, some cglebrated
approacles have been done from which, one of the most domi-
nant one l.e. that of\?rofessors Tinbergen, Correa and Bos
was examined In this paper. Their method of approach has
been considered extremely valuable, but since that method
essentially consists in assuming given rates of economic
growth and of finding a unique set of "education requireme-
nts" corresponding to each of them, it has the great virtue
of being simple and open to scome fundamental objections.

We had the occasion to discuss some of these problems
in the paper, and a chief drawback of this approach raised
by some pioneers in the field is the problem of measurement
in such an econometric approach.

It has been questioned whether it is fair to measure
educated manpower just by adding the number of individuals
with only subdivision being that of secondary and third-le-
vel education. Professor Bombach says that: “if no furth-
er subdivision 1s made between professions and occupations,
I would say: no."l

The next measurement problem is the blas in the  age
pytamid in favour of younger groups. It has been satid
that it should perhaps be attempted to' take into  account

1. Comments on the paper by Messrs Tinbergen and Bos,[4],
p.l74.
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the fact that young people just out of education Institutes
are equipped with more modern knowledge than the members of
the previous generations. There exists, here, another arg-
ument by Professor Sen [18] saying that: "the Tinbergen app-
roach concentrates completely on formal education without
any weight being placed on the process of learning while at
work. This is probably derived from an analogy with physi-
cal capital, but unlike machines, men do learn from experi-
ence. The rental of machinery tends to decline uniformly
with age, but precisely the opposite 1s_true of human beings
for quite a while after they join work.l Therefore it seems
necessary that such factors be mechanically analyzed."

Regardless of all supposed deficiencies of a model of
this kind, which is relatively easy to sum up but more dif-
ficult to replace them by improved ones, we owe a debt of
gratitude to professors Tinbergen, Correa and Bos for formu-
lating rigorous models which have cleared the ground for fu-
rther students.

1. See H.S. Houthakker, “Education and Income," [9]and G.S.
Becker [2].



EDUCATIONAL REQUIREMENTS OF ECONOMIC 199

APPENDIX

*

The values of u21 s u22 , u3 in the case of Iran have

been calculated as follows:

u21 = a252

u22 - azc

u3 - 3303
khere a2 and a3 stand for percentage of employable labour
forces with a secondary and a third-level of educatiom res:
pectively. The values of these percentages in Iran are :

a® = 0. 80

o3 = 0. 90

52 and 03 stand for the ratios between the number of grad-

uates during a period of time and the number of students en-
rolling at the educational institutions (high-school and th-

ird-level respectively). These ratios for Iran are estima-
ted:

82 = 0.47

83 = 0.97

¢ stands for the percentage of the students who do not con-
tinue their third-level of education during a period of 6
years with respect to the total number of students enrolling
at a third-~level of education at the beginning of that per-
iod. In order to calculate o, the following formula has
been used:

1. Economic Bureaw, plan Organization, Iram.
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3
¢ = 1-6 4+ (v-1) %t
3
nt-l

Where y stands for the ratio of new enrollment at third-level
institutes during a 6 year-period to the number of graduates
from them in the end of that period. The valge of ¥y has
been calculated for Iranian educaticnal system: y = 1.14

Putting the equivalent values of parameters to the for=-
mula we will find the value of g = 0.014.

Finally, we find:

Wloe o2 82 = 0.80 . 0.47 = 0.38
w2 - 426 -0.80 . 0.04 = Q.Q11
o= 636 <0.90. 0.97 = 0.87

Coefficients of the condition equations which make the
structural relations (i.e. the proportions) of the educatio-
nal system have been calculated as follows:

Supposing t = ], from equation(l.h)} we have:

2
Nl = 0.025Vl

By substituting the assumptions of the time path of gro-
.wth:

(1.5)° Ng .1.68 = 0.025V_ .1.68
or N2
O

= (0.025V
o

From equation (2.b):

2 2 - 2
Nl = 0.989N£. + m-l
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Pr
(2.5)" Ni . 1.68 = 0.989ui +ml. 1.68

Or

m2 = 0.010v
) o

————

From equation (3.b):

w2 . 0.38a> +0.0lln> - od
o 0 1
Or
1.688° = 0.3802 + 0.01ln> - 1.68n>
Q [») 5] 8]

Substituting the value of mg in terms of Vo into (3.b):

0.017V. = 0.38n% - 1.67n°
[s] (] 2

Or

a2
(3.b) n_

= 0.045V + 4.4n>
0 Mo

From equation {(4.b):

3, 3

m3 0.8752
Or

m31.68 = 0.878]
or

<3 . 3
(4.8} m: 0.518n7

From equation(5.b):

- 3
N 0.982_N; +u?
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) o
1.68N° = 0.982N° + 1.68m°
o _© 2
Or
- 3 _ 3
(Sob) mo - 0-41.520—

From equation (6.b):
3

2 3
N = 0.008V, + 0.03n] + 0.07n]
Or
1.68N2 = 0.008(1.68V ) + 0.03(1.68m§) + 0.07 (
1.68n3 )
9
A3 L 3
Or (6.b) Ny = 0.008V_ + 0.0722

By substituting the equivalent values of né and ng from

previous equations into equation (6.b)" we find:

3

N = 0.011v
o o

Hence, the values of the other varilables in terms of V,

could be found easily. Substituting the value of Ng into
equation (5.b)" : —

L2

= 0.415(0.011V,)

m = 0.005V,

By substituting the value of mg into equation (4.b)”" :



Or

And finally by substituting the value of n
{3.B)° : —

2
n
=2

I =) <
orn H
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0.005V_ = 0.518n)

—_—

nd = 0.010V,

O w

= 0.045V, + 4.4(0.010Vo)

0.089V,

into

203

equation
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(11)

(12)

(13)
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