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PREFACE

N

This essay had its origin when as a middle-course graduate student,
the possibility presented itself for me to return to the West Indies to
undertake research‘in manpower planning, an activity thaf the is]ands‘were
beginning to look to with greater earnestness in fheiﬁ effort at comprepen-
~sive economic planning. Whijé 1 did not avail myself of‘the opporéunity
at thé;-time to delve into the aﬁtua] business of designing manpower plans
for these newly independent countries, I nonetheless retained the concefn

that was generated through that brief encounter, at the same time as I

grew more aware of the exceedingly complex nature o%gi;;m;rocess of economic
development. The choice of Tanzania for eventual empirical imb]ementation -
of my broader concern might be accidental, but the broader concern itself,
certainly was not. |

I accumulated large debts in the course of this dissertation, I would
like first to thank the members of my dissertation committee for all their
constructive criticism and comments. They are Dr. Felicia Deyrup, from
whom I Tearned a great deal in economié development; Dr. Robert Heilbroner,
who gave needed encouragement at a critical stage in the writing of this ‘
thesis; and Dr. Thomas Vietorisz, chairman, whose eye for precision helped
to steer me clear of otherwiﬁe serious errors.

I would also like to thank Professor Charles Frank, Jdr., of Princeton

University for making available to me Segal's unpublished dissertation East

African Common Market Inequities of the 1960's: An Arbitration Scheme, K
presentedlto Yale University in_ 1969, from which the twelve sector inputZ
output model of Tanzania used in this thesis was derived; to Professor

. Larry Westphal also of Princeton, for providing the MFOR-éGO Tinear
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programming code used to salve the Tanzania planning model; to Mr. Michael
Klein, computer scientist at The University of Akron's computer center, for
his invaluable programming assistance; to The University of Akron for making
computer time avéi]ab]e. B

1 wou]ﬁ Tike finally to thank my family, both here and in other
places for continued encouragement and help throughout what has been a
rather long process. I must, however, single out my wife, Joan, (who is
already. celebrating the conclusion of this thesis), for, in almost every

way, this work is as much hers as it is mine.»
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Chapter I .
INTRODUCTION
' If has increasingly been recognized that the growth process, to the

extent that it involves not only an amount of tangible capital, but also a
growing sophistication of all prgguctive factors, is essentially a multi-
dimensional process, aﬁd to that extent, requires the continued upgrading of
the capééity of the work-force to adjﬁst té, and.to fostet, technological
change. This appreciation has pointed quite strongly to the need for a
more direct récognition of the fuﬁction of human capital in the growth
process, and for a more inclusive theoretical as well as practical treatment
of the capital formation, now redefined to include human as well as non-

human e]eménts.(j)

Perhaps the single most important landmark in this development has

-been the evidence from the work on aggregate production functions, that a

significaﬁt part of the growth process of already industrialized nations
over time, was not explained by the factors capital and ]abor»defined in the
conventional sense, and that it became necessary to augment the tangib]é
factors of production with the intangible element-technical change, in

order that theoreticaJJproduction/?ﬂ%ctions could be used to explain the
growth process. Robert Solow estimated that only about 12% of growth
measured could be accounted.for by physical resources and pppu]ation growth,
leaving substantially greater part of the total amount of observable ‘

increment to the explained by technological progress identified as a
ot

v .

(])For an evaluation of the analytic significange of the concept of
human capital in economic theory and policy, see, Harry Johnson,
""The Economic -Approach to“Social Questions," - Economica, Vol.XXXV
(Feb. 1968), pp. 6-8.
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residual. (2) Despite the fact, as Solow later indicated, (3) th;
technological change is not independent of the process of capital accum-
ulation, the relevant effect was not discovered to be as great as to
invalidate the previously derived result indicating the importance nf snme
"residual fn;tok" in the grnnth process. Several other authors, working
with different daté; but asking essentia]iy thé'same-question, obta{ned
results which werg striking1y similar. Thus Aukrust, studying Norwegian
data for the period 1900-1955 came to the same conclusions as did Solow
regarding the importance of hitherto unexplained factors,(4) while B.
Massei was able to document the significance of the residual factor using
data for U.S. manufacturing industry.(s) The work of Denison(6) among
others, was to carry this development further by imputing to level of skill
and ediication a large share of the source of-measured technological change
observed. The implication fnr planning in underdeveloped countries of

this development was unmistakab]e. The development process could now be

(2) R. Solow, "Technical Change and fng‘Aggregate Production Function,"
Review of Economics & Stat1st1cs,/V01 XXIX, No. 3, (August 1957).

(3) | “Techn1ca] Progress, Capital Formation and Economic Growth,"
Amer1can Economic Review, Vol.Lli, (May 1962).

(4) 0. Aukrust, "Investment and Economic Growth," Productivity Measurement
Review, No. 16, 1959, pp. 35-50 (Paris, OECD).

(5) B. Massel, "Cap1ta4“fbrmat1on Technological Change in U.S. Manufacturing,”
Review of Economics & Statistics, Vol. XLII, No. 2 (August 1960).

(6) E. Denison, The Sources of Economic Growth in the United States and the
Alternatives Before Us. Committee for Economic Development,
Supplementary Paper No. 13, (1962).
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looked at, not as hitherto in terms of a purely tangible capital accumulation
process, in the tradition of the Harrod-Domar growth model, but now, in the
richer and more expanded view of a system, in which absorptive capacity as
well as tangible capital accumulation play significant roles. H. Correa
has been able to document a not insignificént degree of complementarity of
capital 1ntensity and education of the 1aB§r fdrce, using United States
data.(7) A number of important conc1u§ions follow from this result.

In the fir;t p1éce, results relating to economic growth using the
Harrod-Domar model have to be modified in the direction of indicating the
pattern of educational capital accumulation that is_relevant for a particular
- rate of tangibie capital formation. Secondly, observing that the already
industrialized nations achieved their levels of wealth” and economic growth
on the basis of a cruder capital stock, it immediately becomes evident that
historic patterns of education of the labor force in relation to tangible
capital stock, and the resultant productivity parameters must necessarily
understate the Tevel of educational investment required to maintain a
specific Tevel of economic growth forifﬁ5 now deve]oping countries, due to
the fact of a more modern-and sophisticated capital structuré in use today.
This would be true even if it were assumed that underdeve]oped'economies
could easiﬁy use gqg%}a] which is not of the very latest vintage, since this
could only be a tembﬁrary situation. Eventué]]y, the developing country .
would be compelled to Egggte its capital stock, given the many and forceful

reasons for being competitive.

{7) H. Correa, The Economics. of Human Resources, (North-Holland Publishing
Company, Amsterdam: 1963), Chap. XIII. 1In this regard, see also E.S.
Phelps, "Investment in Humans, Technological Diffusion, and The Golden

- Rule of Education." Golden Rules of Economic Growth, (New York 1966),
pp. 158-165. ' . .
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To the extent that this issue became recognized at the level of
planning for g}owth, the problem assumed some very real dimensions, for the
planning of education along with planning in the non-educational sectors had
to draw on the same résources;' The allocation problem loomed large, since
on the one hand, not unlike non-educational allocations, capital investment
- in education'haé a 16ng maturation period,ibut on the ﬁther, educational
investment has a consumptioh as well as a productive dimension.

There is ano;her sense, however, in which the importance of education
in the growth process has forced explicit attention in the exercise of
economic planning, and that is in the relation of education and the
educational system to the level of integration of the emergent society.‘
Education may provide skills, but the capacity of the economy to absorb
those skf]]s, and the climate of acceptance that newly educated citizens
face determine very much whether the educational system will be functional
or dysfunctiona]gfor societal integration. This issue has great
significance in the quality aspect of educational planning (about which
this paper is not concerned), but it isljfgevant for purely quantitative
considerations. ... J /

The relevance of all this for developing countries is obvious, for
here the supply of skilled labor, emerges in most cases as one of the most
- serious of 1jmiting gonstraints ontthe rate of economic growth. Rolf
Vente puts ‘the matter this way:

e

In order to reach certain economic goals a,sufficiently large

and sufficiently qualified labor force must be available. Or
expressed the other way round: The manpower resources represent

a constraint on economic growth. In this respect the magnitude
and nature of manpower corresponds to that of other factors, e.g.
of capital. Simply to determine an optimal allocation of resources
with a given target such as that of the maximizing of national
product, investments in the "manpower sector" are thus to be
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included in the calculations from the onset and to be brought into

relationship with the investments in other sectors - such as

industry and agriculture. Education and training in this way
represents a process of production which 1ike production in other
sectors exhibits costs and returns and necessitates investments....

In other words: decisions concerning questions of education and

training cannot be taken without consideration of the decisions

concerning "purely economic" questions and vice versa. An
1ntricape network of mutual independence exists.

For Tanzania éfter independence, the question of the scarcity of
high-level manpower became a serious one. The answer to this question took
~ the form of a policy decision to be fully self-sufficient, by 1980, in all
types of high-level labor. This policy in turn had implications for the
educational system since it was now going to be necessary to alter the
shape of that system so as to allow it to meet manpower targets, and it
also had implications for broad development policy since it placed a

‘priority on developing a sufficient supply of highly skilled labor en-
tirely domestically. If the view exbounded by Vente is taken, then man-
bower policy must be viewed as interdependent with broader economic
policy in all aspects, and the test of that manpower policy should be how
well it works within the framework of b:iff;r development policy. This
thesis is an attempt to 1ookuaf the impTications of different levels of
available high-level manpower for Tanzania‘é economic development and to
relate priorities identified in one part of the' development program with
‘priorities identified in another.

In Chapter 2, an qgilysis of the issues raised by considering the

effects of education on economic growth will be pursued, to be followed in

Chapter 3 by a review of the ihportant programming models which have been

&5

(3) Rolf E. Vente, Planning Processes: The East African Case, (Weltforum
; Ver]ag, Munchen, 1970), pp. 74-75.
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used to investigate the interconnections between educated or skilled labor
and economic growth. Chapter 4 is a brief review of Tanzanian planning
experience with specific reference to manpower planning, and in Chapter 5,
a programming model is constructed to investigate the implications for a
country at Tan;ania's level of development, of variatioqs in the avail-
ability of ski11ed 1abér on consumption maxiﬁizatfﬁn as an indicator of
societal welfare. Chgpter_G inc}udes an analysis-of the solutions to the
model together with suggestions for further work. The data of the model

are presented in two appendices.

'
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Chapter II 7
ECONOMIC GROWTH AND EDUCATION

In the course of this chapter, the several methods which have been
used to identify the role of education in economic growth, will be
reviewed and a critical evaluation made of them. These involve, broadly,

~the rate-of-réﬁurn approach, the manpower piénnihé apprﬁach, the approach
using the production function, and various methods which can be grouped
under the general ti%le of the correlation approach. The Titerature is
extensive in each case, and the attempt is made to deal only with those
parts of it which have direct relevance for the main thrust of this essay.
This means that I will survey the central theoretical issues which under-
score the various approaches,, and these will be eva]ﬁated in terms of how
well fhey are able to specify the relationships between education and
eéonomic‘growth.(]z

Rate-of-Return Approach

It was SoTow in his DeVries 1ectures,(2) who gave the rate of return
on investment in relation to capital theory, its most thorough and sub-
stantial support. But while the Solow approach allowed capital theory to
dodge several of the theory-index-number problems with which that theory
had Seen beset, it failed to be inclusive enough, and to the extent that
human capital increases in importance in its effect on growth and develop-

ment, the Solow approéch while elegant, is nonetheless incomplete.
PR

(1) The Titerature:here is very large, and still growing. The latest
b1b11og phy on the economics of education will contain almost 1000
jtems. Blgee Mark Blaug, The Economics of Education: A Selected Anno--
tated Bibliography, Pergamon Press, (1969).

(2) Robert Solow, Capital Theory and the Rate of Return, (Rand McNa]]y
.and Company, Ch1cago, 1965) ,
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The rate of return approach is essentially meant to answer the
question: how muéh does investment in educafion pay-off, and to whom?
Essentially, one can separate the private rate of return from the social
rate and this dist%nction will in fact be made Tater in answering some
delicate quest1ons affecting the efficacy of the method

Being essent1a11y a cost-benefit kind of concept the rate of
return, as it relates to education; necessitates the calculations of returns
to investment in educ;tién, as well as the incurred costs. The usual
approach is to regard incomes earned as some function of the Tevel of
education. Hence for a system in which there are several educational
levels, the approdch calculates the incremental Tifetime income that is
related to-the extré schooling (as a proxy for education) that has been
bought. If_PVE%Arepresents'the present value of a stream of lifetime
(t periods) incpme related to educational level "i" , and A represents the
additional annu;1 income generated by the additional amount of education,
then

t v
PV = 3 A/z (T+ )5 v=1,2, ..., t (1)

E; t V=1 /)

Th1s 1nd1cates that, in the benef1t cost calculus, PVE represents the
i

d1scounted stream of lifetime benefits which accrue to a particular Tevel

-

of educational investment, discounted by an external rate "r".* Costs are

usually defined to include actual, as well as opportunity costs or fore-
J

‘gone earnings. ~

1

- % An a]tefnat1ve method is to find by iteration the d1scounf rate that

will cause the present value of income in the future derived from
education to be exactly equal to the cost of obtaining the education.
This is the so-called internal rate of return.
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Despite the substantial amount of work which has been done in
refining the technique of rate of return, there remain many problems with
the approach, which raise significant doubts as to its efficacy in treating
the education-growth problem. In the first place, the educational system
should be Tooked at as a series of interrelated steps, the successful com-
b]etion of one step having some effect on the income related to the com-
pletion of the following step. But the rate of return approach does not
yet incorporate this exceedingly important "neighborhood effect" or
externality. Typically, the measures that one derived are avérage
productivity measures for each new level of edﬁcationa] attainment, but
theserdo not include the effect of thg)ggmp1etion of one particular stage
on the earnings prospects related to fhe completion of the following stage.
Hence, the typical measure tends to understate the rate of return related
to investment ingeducation particularly at the Tower stages. Burton
'ﬁeisbrod(a} in recognizing the value of the option to receive further
education;faccording1y raised his estimate of the grade school rate of
return in 1939 from 35% to 52%,(3) a notiiégubstantia1 amount.

The function for education, re]at{ng gducation to income is usually
written:

viosr (sd) | (2)
Whe;é Yi is income for individual i, and Sj is schooling related to grade j
completed. More prdper]yx,it would be stated as

vio-ossd, 9 0 (3)

(3) Burtoﬁ A. Weisbrod, "Education and Investment in Human Capital,*
Journal of Political Economy, (October, 1962), pp. 106-123.
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to reflect the fact that it is the additional income that is related to
additional schooling that is important. Here the S measures the additional
cost of the extra education. However, the function omits important
explanatory variables. Schooling is by no means the only factor which is
responsible for income. Agé, training, wealth or privi]ege and intelligence
being among the more sfgniffcant excluded variables. Properly specified,'
the function should include these other factors, thus:-

| Y= £ (sd, A, T, W, 1Q) | (4)
where A identifies age, T measures training construed broadly, W as an
indicator of wealth, and IQ to represent inte]figence. The argument is

that an indjvidual éttains a certain grade and hence income, not only
because of.schooling, but also bécause of wealth (or privilege) and
inte]ligence. Hence measures of rate of return to education should oroperly
be revised downward if the effects of these factors were computed. Hence °
Beéker(4) has adjusted for the existence of other explanatory variables,

(5)

and Chipman has devised a method whereby the effect of wealth and
intelligence, approximated by drop-out raii?%)can be brought into the
analysis. Giora Hanoch(G) has- Tumped togé&her various of these additional
factors info one variab]e(7) Z in the estimat%ng equation for the marginal

internal rate of return to the Sth school year:-

(4)'Guny Becker, "Underinvg;;ment in College Education,” American Economic
Review, (May, 1960), pp. 346-354. .

(5) Cited by Higgins, in Economic Development, (Revised edition, 1968).

(6) Giora Hanoch, "An Economic Analysis of Earnings and Schooling,"
Journal of Human Resources, Vol. II, No. 3, pp. 310-329.

(7) This variable is common for a homogeneous group.
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(1 + R) ‘tnt (s, Z) = 0 | (5)

o Z

where "s" refers to schooling, ﬁt" age, D(s, Z) = Vi ts, Z) - Yi (s = 1,2)
where Yt is flow of net earnings that an individual expects to receive at
some specific time, and assumedﬂto be a function of age. D (s, Z) thus
measures the margihé]'effett of the sf?h school yéar on earnings at age t.
It is then used in equation (5) to determine the marginal internal rate of
return to the same sth schoo] year. The earnings function is:-

y(t, s5 Z) : (6)
and is estimated within a group that is homogeneous with respect to the Z
variable, but in which there are variations in actual schooling, s, owing
tO'Var&ing tasfes, énd other condftions. Since the internal rate can be
defined as the rate‘of_discount that makes the present worth or value of
streéms of income exactly equal to zero, R in equatioﬁ (5)415 defined as
that rate.

B The inclusion of hitherto excluded explanatory variables is an
impé?tant step in the right direction, but empi. ical evidence is still small
as to the natute of the effect of social priyiTege and intelligence. on
education received. Should the new variable_ exert substantial influence on
fhe demand for schooling, then an important revision of rate of return
estimates would be necessary. Some indication of the magnitude invoived
can’ be had'from the important work by Carnoy on rates of return in Latin
America.(B) Carnoy's study, &g?;g cross-sectional sample data for 4000
" male urban wage-earners taken in 1963, demonstrates the significance of

non-schooling variables in explaining the variance of income. By

(ﬁ) Martin Carnoy, tRates of Return of Schooling in Latin America,"
Journal of Human Resources, Vol. II, No. 3, (Summer 1967).
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including age,” occupation, numbers of,years of formal schooling, and
father's occupation, Carnoy shows that while education still explains a
significant part of the income differences among Mexican wage-earners;
when other variab]es are included, the total variance must be severely °
reduced. When schooling alone is used, 43% of income variance is explained
by-it. However, when agé is added schooling aécountﬁ for only 36% of
income variance, and th1s drops to 29% when age, city, father's occupation,
industry and attendance are included as explanatory variables. ( ) Schooling
remains however the single largest determinant of income differences.

With these refinements Carnoy was able to conclude that it might be
the case ?hat profitabi]ity of educational investment and the rate of
growth of the economy are closely related. Specifically, rates of economic '
growth appear most closely related to rate of return to primary and uni-
versity education. Carnoy's explanation runs in the direction of suggesting
that these educational levels are least responsive to the structure and
pattern of skill demand.A He then suggests that economies planning growth
shou]d\concentrate on these two skill classes. While however the analysis
is careful and more complete, it would be optimistic to expéct governments
planning economic growth to 1imit investment in human resources through
education in the manner suggested.

-An important assumption in deriving rate of return estimates is

that earnings or income are a good proxy for productivity.* However,
ot

9) 1pid.

* This is the nedclassical argument which supports the production
function approach to income distribution.
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(10) or to the

earnings may not measure productivity due to "market failures,"
tendency for higher education to lead to preferred jobs, hence creating a
divergence between income and productivity, and social returns to education
may be and perhaps are substantially greater than private returns, hence
making personal income a poor measure of the value added due to increased
edﬁcation. Finally, "tradition-bound" and "conspicuous production" wage
structures,(]l) in which earnings bear no specific or necessary relation to
productivity, may exist to create discrepancies between income and -
productivity. (12)

It is clear then that despite the thrust:éf much of recent research,
the measure "return” leaves several important questions still uqanswered.
.This does not mean that the estimates are entirely without value, but that .
some caution must be employed in the use of these estimates of return. If
this is true for more deve1oped economies, it is particularly true in the
case of developing countries where the primary objecti&e and movement is in
the direction of broad structural change.

As indicated earlier, costs of edUE%E}on have to be derjved for any
comparison to take p]ace._ The Costs of eéucation include, besides the

actual costs involved, the opportunity costs, or earnings foregone during

the educational process. Here again, we are not clear as to whether costs

(10). See Francis Bator, "The.Aratomy of Market Failure," The Quarterly
Journal of Economics (August 1958) pp. 351-379.

(]1) W111;am G. Bowen Ec0n0m1c Aspects of Education (Pr1ncet0n University
1964),

(12) In the same view, monopoly elements will similarTy result in wages
exceed1ng value marg1na1 productivity.
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which are identified with lost opportunities for earning income are entirely
relevant, and secondly whether, what are called "consumption costs" should
be excluded or included, and how.

Education can be looked at, not only as an investment good but also
as a consumption jtem. In that case the concern 1s not on]y for future in-
come streams, But also fo; present satisfaction; Typ}ca11y, then, in order
 to relate returns to ideptifiab]j relevant costs, consumption costs should
be excluded in deriving the relevant cost estimates if the concern is with

education as an investment, not consumption good. Schu]tz(]3)

supports the
view that these costs should be excluded from the costs of education and the
rate of return calculated on the basis of the revised figures. Hence if

the cost of the-consumption component in the total cost of education is of
the order of 50%, the rate of return would double on the basis of the re-

(14)

vised estimates. But Bowen, reasons otherwise, indicating that the
return should be increased by adding the return related to consumption
since education has an undeniably consumption aspect. Thus, while there is
some agreement concerning the need to account, for this consumption com-
ponent in sohe way, there is no-consensus 6n how this should be done.

The issue can be shown by use of a simp]é formula. Let V be the
value to be received from additional education, conceived as an investment,

and-C, be the cost of that benefit. Then the decision rule involved here

can be stated:
PR

(13) Theodore W. Schultz, "Investment in Human Capital,” American Economic
Review, (March 1961).

(14) Bowen, op. cit., p. 26.
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I=f(V-C),f >0 . )
Equation (7) states'théf investment in education varies directly with its
profitability, identified by the excess of returns over cost. If V includes
only the rewards identified with investment in education, namely earnings,
and if in addition to those earnings, satisfaction or utility is derived
simply from having-é h{ghér level of education,.éay uﬁiversity training in
" the arts as opposed to primary education, then the V.should be increased.
On the other hand, if it\is nécessary to clearly separate the income stream
directly associated with the educational level from all other benefits
associated with that level, then the V would in this case be smaller than
in the prevjous case. If we should designate the V for the former case
V*, then
Ve > Y (8)
But this discussion has served to highlight another, perhaps more
signfficant issue, and that is that the investment and consumption com-
ponents may be inseparable, hehce it would be impossible to derive separate
estimates for purposes of policy. It may alsp be the case that society
does not value the consumptionﬁcgmponent oﬁ/ézucation as highly as it does
other consumables. If this is the case, aﬁd there is no way yet to make
that comparison, then fhe'force of the argument in favor of separating the
. consumption componént from the more directly investment aspect of education,

<
is severely weakened.

>

Smythe and Bennett estimated rates of return on education for
Uganda. Their method was to determine earnings in a future period, dis-
count those earniﬁgs to get a present value, determine net benefits from

: educatfcn as approximated by differentials between different levels or
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grades of education, and then related costs to these benefits to form cost/
benefit ratios. The costs include earnings foregone, cabita] repayment,
recurrent costs and these were summed over the length of the relevant
schooling. These benefit/cost ratios were in turn used to generate interna1‘
rates of return for eéch level of education. Their_fesu1ts indicate low
rates to university educatidn and to Tower secondary training,much higher
reiurns to primary education and highest results for higher secondary
schoo]s.(]s) The question that should be asked is whether or not the
ratios and return calculated repfesent real scarcity va1qgs, or whether the
figures are biased in one direction or the other. Sﬁythe and Bennett only
touch on some of the issues. They rightly question the differentials in
rates of return, suggesting that returns for university training should be
raised and those for primary education be lowered to reflect the positive
effect that highly skilled workers have on the productivity of lower
skilled Qorkers. But these adjustments are un]%ke]y to account for the
5 to 1 ratio of primary rates of return to university rates of return.
Their results suggest at Teast short run conééﬁ;ration on primary and
higher school education and deemphasis of un{veristy training in particular.

Where(*) however rates of return reflect pre-independence govern-
mental wage -scales and structures, they do not necessarily reflect post-

independehée productivity co-efficients and this long-term and even short

L]
A

(15) John" A. Smythe and Nicholas L. Bennett, "Rates of Return on Investment

' in Education: A Tool for Short-Term Educational Planning, Illustrated
with Ugandan Data," in George Z. F. Bereday and Joseph A. Lauwerys,
(Eds.), Educational Planning, (1967), pp. 299-322.

* g
(*) for established colonial territories.
5 :
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term policy cannot be que to depend for support on these calculated rates.
What then are the fundamental limitations of the method which make it
highly suspect as a method for aiding in the formulation of economic policy
in underdeveloped economies? First, present earnings may not measure
_ productivity, hence thg.usg of earnings data for purpbses of resource
allocation would lead 1n‘sevééa1 cases to resourceﬁﬁis-a]iocation. Secondly,
present earnings may not measure ]ifefime earnings, earnings profiles may

differ'markedly,(]s)

and changes and differentials in earnings measure
scarcity value (defined here to include scarcity determined by monopoly
elements, etc.), and not only productivity equivalent. Third, the existence
of strong éxtetna]ities 1éaves'the approach in doubt since market data in
the face of externalities would cause a misallocation of resources,
(specifically under-utilization for the case of external economies).
Finally, the discount rate used to derive the present value of a future
stream of earnings is a crucial variable, and rates of return are ex-
ceedingly sensitive to parametric variation of these rates.®

Essentially, then, despite ;hesfmprovements which have been

\_achieved in the measurement of rates-{of return to educational investment,
he method is still very far from satfsfactory for burposes of educational
p1anﬁing in the broader context of planning for economic deve]onment and
growth. - '

Manpower Planning

e
Economic development has been defined in several ways. One way of

looking at it is in the differentiation of the industrial structure of the

(]6)'This is. precisely the issue that invalidates the pay-back period
as -a- tri® measure of ranking investment alternatives.
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economy of our time. In short, economic development can be described by the
increasing inter-connectedness of the industrial relationships char;cterizing
an economy, as a process by which the cells of an inter-industry table get
filled in with positive entries. This increasing inter-connecfedness of the
inter-industry structure must essentially be associated with and require an
.increas?ng variety of ski11§."Deve1opment planning ﬁés séught to relate
this need for skills to fit a prescribed industrial structure through varied
kinds of skill projection, or what is otherwise called manpower planning.

On the face of it, manpower planning might appear to be somewhat unrelated
to the issue of the effect of education or economic dévelopment, but on
closer: View, it‘becomes clear that education contributes to the development
process by providing skills as well as the aptitude to acquire skills.

It is obvious that education construed as manpower planning is not
to be narrowly défined as classroom 1nstruction; but should be construed
more broadly to include vocational and on-the-job training.
Manpoweé planning is one of the most direct methods of relating

“education to development and érowth, in that explicit recognition is made
of the contribution of education, broadly conceived, to the increase of
knowledge and skills acquired by the labor force. It asks the simple
| question: what is the proportion of various skills necessary to sustain
economic- growth at a certain level X years in the future? 1t typically
includes (a) an analysis of the ptszfnt situation (the initial conditions);
(b) a general appraisal of the educational system; (c) a survey of pro-
grammes for on-the-job training; (d) an analysis of the structure of in-
centives; and (e) an ihventory of job requirements over the short-term.

- Estimating futﬁfe requirements can be done by one or a combination of a

-
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number of methods, and can be direct or indirect, that is either relating
educational level to GNb in fixed proportions, or relating education to
skills and productivity in the first place, and then making the connection
with Tevel of output. Manpower planning methods are thus based on the view
of the education/economic development process as uni-directional, and rest
on the assqmption tha£>if ﬁrééent skills were deve]dbed out of an educational
system over a period of years, it should be possible, if-future skill re-
quirements can be known, to hetermine the present structure of educational
requirements. There are thus two fundamental sets of calculations to be
made: first, calculations of the occupational breakdown of the work force;
second, to relate these occupational characteristics to their educational
counterpart.

There exist severa]‘ways of going about determining the occupational
characteristics of the work force, and most of these have been used at one
time or the other in different manpower planning exercises. First, it is
possible to obtain estimates of skill demands or requirements by employer
estimgtes of those demands. This was the method followed by Tanzania in the

Tobias survey.(17)

(18)

The method was used also in manpower studies for

(19) (20)

Iran » in the Philippines , and in Jamaica. In all cases,

(17) Survey-df the high-level manpower requirements and resources in
Tanganyika, 1962-1967. Tanganyika.

(18) G. B. Baldwin, "Iran's Experierice in Manpower Planning: Concepts,
Techniques and Lessons," in F. Harbison & C.A. Myers, Manpower and
Education, (1965).

(19)»A. S. Bhalla, "Manpower and Economic Planning in the Philippines,"
International Labor Review, Vol. 94, No. 6, ?1966).

,‘(20)'From private correspondence.
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the degree of accuracy of the method was later questioned at Tleast by the
demand patterns that were forthcoming, that were different from‘the
estimates, and which neglected the largely unforseen developments in the
form of new industries and processes. This is perhaps the most serious
criticism of that methoq in that for countries that are developing most
rapidly, it can be exbectéé'that entirely new deﬁands %or labor skills will
‘always arise to confound Fhe mpstbcareful estimates made by ‘employers.

A second approach involves the extrapolation of certain trends
observed in the past, and can be of trends in individual occupations or
trends in the distribution of occupations in the Tabor force as a whole.

Examples of these are the Chile study(Z])

(22)

and the study of manpower
requirements for Hungary. Here again, sharp changes in the trends
identified are part of the procesé of development, thus it stands to reason
that past trends are not going to be good guides to the future demand for
qua]ified manéBwer.

A further serious problem associated with extrapolating trends is
the assumption of equilibrium in labor market. If trends observed in the
past are used for projections, then it must be that it is assumed that the
observed proportions, whether they be 1abor—outpht ratios or occupation-
sector ratios, are somehow optimal in some sense. Otherwise, the existing

~.

disequiTibria‘are being projected into the future. But the process of

\s

(21) R. C. Blitz, "The Role of High-Level Manpower in the Economic
Development of Chile," in F. Harbison and C.A. Myers, op. cit.

——

(22) J. Timar, "High-Level Manpower Planning in Hungary and Its Relation
to Educational Development," International Labor Review, Vol. 86,
No. 4, (1967).
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development is usually ;onceived of as a movement from disequilibrium to
equilibrium in several markets as structural rigidities of one kin& and
another get displaced through properly functioning markets. Otherwise there
would be no need for manpower policy in developing countries. Hence pro-

jections into the future of observed patterns must bglregarded as some-
| what suspect, since in a]i ]fﬁé]ihoodAdisequi]ibriuﬁ patférns are being
used to determine future staFes. It is therefore anomolous to conceive of
extrapolation as an important part of thgﬂzgéhnique of manpower planning
since manpower planning makes sense only if the market cannot be allowed to
allocate resources, in the future, as it did in the past, or does in the
present. . |
By far the most elaborate of all manpower requirements stydies

attempted was'the MRP or Mediteganean Regional Project.(23)

The project,
carried out by the OECD <in cooperation with each of the countries, Greece,
Italy, Pdrtuga], Spain, Turkey and Yugoslavia used one method of com-
putation which was common to all the countries in deriving required man-
power. There are at least four steps involved. On the basis of a
development plan, output targets for each of the relevant sectors were
estab]fshed.. These targets were then used to deterﬁine'sectoral employment
levels by the application of Tabor/output ratios to the previously
determined output targets.‘ These employment estimates by sectors were then

broken down into occupational ca#iggries, and finally these occupational

requirements were translated into~the educational needs necessary for their

-

(?3) OECD, The Meditesanean Regional Project (1965). Specific Reports
- on Greece, Italy, Portugal, Spain, Turkey and Yugoslavia.

- »
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attainment. A simple formula can be used to demonstrate the logic of the
" MRP approach: | .
Y%’—%}—%‘P%ﬁé = L® (9)
where Y represents gross domestic product, Yi represents product in sector
or industry i, Ni the labor force in sector or industry i, Nji the occu-
pation i/%ndustry or sector i.1ébor distribution, Nje the.labor force with

education e in occupation j. \Lje

jg therefore the numbers of workers with
education e in occupation j in sector or industry i. Total labor is thus
defined to be at least as great as the sum of all Tlabor with education e,
in occupations j in all sectors or industries i in thé‘economy.

The method just outiined has been used in various planning exercises,
and it is interesting to see how sensitive the results can be expected

(24) using

to be, given the format used in their determination. Hollister
what he calls "sensitivity analysis" and "source of change analysis" has
shown thaf (1) manpower requirements have a significant impact on
educational output, as over relevant periods, more than 50% of the change
in required educationa]toutput was determined by manpower requirements over
and above the need to maintain a constaﬁt education/labor force intensity;
(ii) substitution possibilities appear important in Qiew of the diversity
‘of occupation/output ratios; (iii) planning of output shou]d take into

consideration the possibility of a variety of skill mixes in output, and

should estimate the costs of these alternatives; (iv) the "most serious"

(24) Robinson G. Hollister, A Technical Evaluation of the First Stage
of the Mediteganean Regional Project, (Paris: OECD, 1966).
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problem which the evaluation has shown was that estimates of educational
outputs were extremely sensitive to the assumed occubation[education
re]ationships.(zs) As Blaug has shown this is most probably due to the
concepf of educational attainment used. Here the numbers of years of
schooling, as an average_is used to express the educational requirements.
But it seems highly un]ikefyAthat educational requireﬁénts Ean be repre-

sented so easily as in a single number. Rather a vector of types of
" (26)

(27)

education seem appropriate. Indeed, the work of Blandy in showing the

need for occupational classification and that of Eckaus in deriving
educational requirements for different sectors in the economy have confirmed
the long-run upgrading of Both.education and skill requirements, while
Scoville, working With occupétiona] rather than industry bases, found that
the rate of increase in educational levels had itself increased since 1950.
The 1ﬁstabi1ity in. important parameters used in the MRP approach therefore
weakens its viability.

Educational planning is essentially a long-term exercise. The
maturation period of educational capital lasts anywhere from ten to twenty

years, hence must be undertaken with a great deal of uncertainty, yet man-

power planning forecasts appear to be capable of beihg made only for short

(28) 1iq.
. ——
(26) Richard Blandy, "Some Questions Concerning Education and Training in
the Developing Countries," International Labor Review (December 1965),
pp. 476-489,

(27) R. S. Eckaus, "Economic Criteria for Education and Training," Review
-+ of Economics and Statistics, May 1964, pp. 181-190.
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periods.(zg) While it is possible to influence the "working capital”
already in process of formation into final output (students already in
school) in the short-term, this constitutes only a small part of the total
need. Manpower planning therefore fails precisely at the point at which it
is most needed, that is in not being able to be used for the truly long-
tefm forecasts which are esséﬁfié] for educational p]anﬁfng aé part of
long-term perspective planning. |

The development process c;nnot be assumed not to involve the effect
of technical progress on factor productivity, yet manpower forecasts have
not usually included estimates of technical progress and “the effect of
this on the demandifor education. Despite the importance of this factor
manpower planning exercises have not been able to quantify the essential
relationship. A modest attempt at theoretical formulation of the problem
has been made by Von Weizsacker, but full empirical implementation of his
model will pérhaps take some time. Von Weizsacker applies the concept of
embodied technical progress to human capital in an optimization framework
where the decision is between work and education. He finds that, given the
sensitivity of earnings to education and training and the assumption that
knowledge depreciates through time, under certain conditions: it is
optimal to undertake education exclusively in one period and then work
exclusively-in the next (if we divide Tife after combu]sory education into

full-time education, part-time education and full-time emp]oymenf), under
i

(28) Mark Blaug, "Approaches to Educational Planning," Economic Journal
(June 1967), p. 278, puts thexmﬁfgér this way: "A11 the evidence
shows that we do not yet know how to forecast beyond three or four
years with anything remotely resembling the 10% margins of error
that are regarded as just tolerable in general economic forecasting."
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other conditions it is optimal to undertake education, then part-time
employment and then full-time employment. This is an interesting result,
but the model is too abstract, (using results from control theory and the
calculus of variations) to solve the problem in specific terms.(zg)

The issue of externalities generated by educational investment has
-already been raised. In thgt'context, it was indicaféd tﬁét there was an
important consumption aspect to edqcatﬁon which should be-recognized’in
any attempt to use market data to determine true rates of return on
educational investment. It was also indicated that the effect of the -
completion of one grade in school on the possibility of completing the
succeeding grade\shou1d théoretica]]y be recognized, and in computing rates
of return this exferna]ity identified in getting true fates of return.
These issues arise a %jn in manpower planning, and their non-recognition
by this method const{tutes serious shortcomings.

Skill acquisition is not costless. Educational p]annihg'shou1d
therefore explicitly recognize the bﬁdget Timitations inherent in any
planning situation. But manpower planning specifically in the MRP tra-
dition tadf%]y assumes that the acquisition of skills is justifiable at
any price, since, as has been shown, it is the skill structure that is
being forced to édjust to the industrial structure. The fact that labor
skills are assumed to be the adaptive variable indicates that the

acquisition cost of these skills is assumed not to vary that much so as
JRo—g

_Szg) C. C. Von Weizsacker, "Training Policies Under Conditions of Technical
Progress,” Mathematical Models in Educational Planning, op. cit.,
v pp. 245-257, See also in this regard, the note by Sheshenski, Eytan
Sheshenski, "On the Individual's Lifetime Allocation Between
Education and Work," Metroeconomica, (1968), pp. 42-49.

A%
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to alter the profitability of any alternative pattern of a]]ocation.(30)
Yet this is an extremely heroic assumption particularly in a setting of
scarce resources. It effectively high]ights the absence of optimization

as an allocative mechanism in manpower planning, and this robs the exercise
6f an essential economic rationa1ity.(31)

| Finally, the manpowef épproach to educational piénniné assumes the

(32)

absence of skill substitution ex ante. To the extent that skills can

be substituted, the manpower pr;jection becomes less crucial. As the
economic structure becomes more differentiated, there may be an a priori
argument for a decreasing substitutability among skills, but it cannot be
easily defended that skill substitution is zero even in the economic
structure of advanceq economies.(33)
Essentially then, the manpower approach to educational planning may .
be possible or even desirable in the short-run, during which structural
changes will be slight, but when the necessity is for the long-term either
because economic planning involves long-term planning, or when fundamental
structural changes can be envisaged, the rigid assumptions which underscore

the method tend to weaken the justification for the projections. It is

however not indicated that the use of some kind of parémeter is entirely

(30) Henry -J. Bruton, Prinéip]es of Development Economics

(31) Mark Blaug, op. cit., pp. 262-287.
. el

(32) C. Arnold Anderson and Mary Jean Bdwman, “Theoretical Considerations
in Educational Planning," in Don Adams (ed.), Educational Planning
(Syracuse 1964).

- (33) Mi Blaug, M.H} Peston, A. Ziderman, The Utilization of Educated
* -Manpower in Industry, (London: Oliver & Boyd, 1967).
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inadmissabie,(34) but that in setting of planned and unplanned change,

rigid relationships as those employed in manpower planning have somewhat
(35)

less economic justification.

Production Function Approach

The third method which has been systematically appiied in educational
pianning utilizes the neoc1a551ca1 production function in thCh the con-
tribution of the factors labor apd capita1 to the total change in output is
subtracted from that change, and the residual identification as in a
certain sense, the contribution to "total factor productivity" of technical
change of a "disembodied" variety. While the insights that this approach
allowed were significant; thé method can be demonstrated to yield either
over-estimatgs or under-éstimates of the contribution of education, broadly
conceived, to the increase in total factor productivity. f

John Kendrick(36) proceeded along the lines of subtracting a con-
stént price Weightéd input series from a constant price aggregate output

series, and then identifying the residual, also called a "third factor." E

On the basis of his research, Kendrick was able to state that between 1889
and 1957, almost half of the increase in total output could be ascribed to
this residual, as the combined (weighted) index of input factors increased

at a rate of 1.9% per year, out of a total output growth of 3.5% per year.

(34) Richard S. Eckaus, "The Factor Proportions Problem in Underdeveloped
Areas,” American Economic Review3(September 1955), pp. 539-565.

X-”‘i§§) Eckaus, op. Eig.

(36) John W. Kendrick, "Productivity Trends in the United States,"
Princeton University Press for the N.B.E.R., 1960.

v
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Alternatively the‘contribution of the residual to the growth in labor
productivity can be appro*imated by the ratio of the size of the residual
to the growth of output per unit of labor. Here again, by far the greatest
portion of labor productivity growth was explained by this “third factor."

This general conclusion was amply substantiated by the work of
Solow(37)~and Masse11(23) déﬁpite the use of a somewhéf different analytic
technique. Using a linear and homogeneous production function of the Cobb-
Douglas variety, and assuming ;eutré1ity of technical change in the sense
that output changes, do not affect factor proportions, the contribution of
the residual still accounted for over 80% of the growth in Tabor
productivity.(sg) The size of the residual calculated by Denison(ag) was
substantially reduced, but only after direct estimates of the contribution
of several other factors to growth in labor productivity, including edu-
cation, and adjustments for economics of scale, had been made. Focusing
on education as a factor in economic growth, Denison was able to estimate
the contribution of education to U.S. economic growth during the 1929-57
period of 23%. Actually, if specified for employed persons, the contri-

bution of education to economic growth is even more impressive.(ao)

(37) See footnotes in Chapter I.
(38) See Evsey Domar, "On the Measurement of Technical Change," Economic
Journal (December 1961), pp. 709-729, for a discussion of .Solow's model.

(39) Edward Denison, The Sources of-Economic Growth in the United States and

the Alternatives Before Us, Supplementary Paper No. 13, (CED, 1962).

(40) Ibid., p. 73. Note also that David Schwartzman, “The Contribution of
Education to the Quality of Labor: 1929-1963," American E¢onoriic
Review (June 1968), pp. 508-514, derives estimates of the contribution
of education to increases in labor productivity which are much below
those of Denison, due largely to measurement: Denison used annual data

while Schwartzman used hourly earnings. T
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But the analysis thu; far, in a certain sense, proves too much for
the efficacy of education in the productive process. For as Nelson has
shown(4]) if it is assumed that all technological change was of the "design"
variety that needed to be embodied in new capital, then capital formation
could explain a substantiq} part of the growth in total factor productivity.
Nelson calculated the residuéls using a simple Cobb-DouQ]as méde1, for the
period 1929-1960 in selected sub:peripds; He found that, assuming factor
shares do give good approximations to output elasticity, the "unexplained
residual® explained approximately 60% of the growth in output over the
period. If a more complex model, perhaps along the Solow lines with capital
improvements considered, is dsed, embodiment of technical change due to
new capital (design change) formation increases the sensitivity of the rate
of growth or total output to changes in growth rate of capital stock. If
however changes in labor quality are introduced into the modified Cobb-

Douglas proddction function, the conclusion is that the embodiment effect

of the Solow model could not be so large as to so fully explain variations

in the growth rate of potehtia] GNP over the 1929-1960 period. Since how-
ever the rate of growth of capital is so highly correlated with the rate of
growth of total factor productivity, a reasonable hypothesis is that there
may be.a number of important interaction among the variables of the Cobb-
Douglas model. - Sources of these interactions are education, technical

change and improved allocation. Thuildfhe analysis indicates the possibility

that interaction phefiomena play a great part in the production process, and

>

(41) Richard R. Nelson, "Aggregate Production Functiofis and Medium Range
Growth Projection,” American Economic Review, September 1964,
pp. 675-706. . »

b
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with specific reference to the results achieved by Denison, the assumption
of independence of the main contributors to the growth of total factor
productivity may constitute a serious theoretical weakness. There is
therefore a great need for the inclusion, in a more general model of growth,
of a production function, in_which technical change, improVed quality 6f
the labor force and a11ocative.efficiency are viewed not fﬁdepéndent1y, but
as being complementary, one to the other.(42)
Finally, there is the possibility that there are serious "errors in
measurement" problems in isolating the residual, and that if notice is
. taken of the contribution of changes in the structure of capital, the size
of the residual would be substéntia]]y reduced. Identification of the
unexplained residual with the contribution of education would grossly over-

state the effect. of knowledge and skills on economic growth.(43)

Summary

In summéry, the formulation of economic policy on the basis of any
of the methods outlined would be subjected to the introduction of large
errors. Educational-manpower policy based on the rate of return approach
can be expected to be sub-optisal from a s;cial point of view; that based
on manpower planning can be expected to result in misallocation as the

length of the planning period increases and that based on the production

(42) See Richard R. Nelson and Edmund S. Phelps, "Investment in Humans,
Technological Diffusion and Economric” Growth," A.E.R. (May 1966),
pp. 69-75, for an elegant demonstration of the effect of the pace of

<

technological change on the rate of return to increased education.

(43) 7vi Griliches and Dale W. Jorgenson, “Sources of Measured Productivity
Change," American Economic Review, (May 1966), pp. 50-61.
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function approach could be expected to be over-optimistic with respect to
the gains to be had from incfeasing education of the work-pri;e, if the
analysis is presented in a form which does not permit important interactional
phenomena.

Perhaps, more fundamentally, each approach represents a kind of
partia] equilibrium ana]ysfé.' In the first place, the pf%ces used as
allocative devices are assumed to represent equilibrium values, when the
existence of fundamental disequi]%bria-is one of the pervasive facts of the

profile of developing countries.(44)

Secondly, and no less importantly,

the partial models are solved apart from the development pattern or structure
of the economy as a whole.. This assumes, jn the case of manpower p1aﬁning,
that the pattern of#ski]]s is the adjusting variable, that there is a zero
opportunity cost in training labor, and that the elasticity of substitution
between capital and labor, and between different skill categofies approaches
zero. It also assumes, in the case of rate-of-return analysis, that the

" demand function for labor is stable and that shifts in the supply curve will
not cause the appearance of nasty "identification" problems. What is needed

therefore is a more powérfu] technique whereby interaction between the

educational and - non-educational sectors can be explicitly observed, and

(44) Indeed it is quite possible that labor markets for qualified persons
are characterized by cobweb phenomena where the length of time that
it takes to train highly qualified labor may cause the supply to. over-
reach the equilibrium demand following the recognition of inadequate
supply, and to under-reach in a period of excess supply. The time
path of the adjustment process may oscillate without ever coming to
an equilibrium position, hence the proces generated would be
disequilibrium values.
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where prices, which represent a}perfect]y competitive solution can be
generated. It is to this cfass of mathematical models of the Tinear-

programming and input-output typeé that we turn in the next chapter.

¥
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Chapter III
PROGRAMMING MODELS OF EDUCATIONAL PLANNING

The thrust of the argument in the previous chapter was this: that
while each of the approaches to educational-manpower planning does provide
some insight into the contribution of education to economic growth and
development, the approéches }éma{n'éSSentia1]y partial inlgcopé; Indeed
it was maintained that while each method was incomplete in and.of itself,
in combination, they could be usedNnot 6n1y to gain knowledge of the
economic contribution that education can make to growth, but also, they

-would constitute a superior planning framework of the kind nheeded for
purposes ofrdirectingAthe formulation of policy for developing countries
where the educational sector is important. Educational planning should
properly be done within %he framework of broad economic planning, and
this requirement forces attention to the explicit mathematical inclusion
of the educational sector or activity in a more general programming
‘formulation.

In this chapter, a series of econometric models will be surveyed, and
the contribution that they have made toward the understanding and more
complete treatment of education in economic growth and development will be

stated. In the course of the chapter, the Tinbergen-Correa model(]) will

be presented, -along with the contribution of Samuel Bow]es,(z) the Adelman

p ’
(M H. Correa, J. Tinbergen, "Quantitative Adaption of Education to
Accelerated Growth," Kyklos, Vol. XV (1962), pp. 776-786.

(2) Samuel Bowles, "The Efficient Allocation of Resources in Education,"
Quarterly Journal of Economics, (May 1967), pp. 188-219: .
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mode]s,(S) the deWolff mode],(é) and the Benard optimization mode].(s)

As will become clear, activity in the direction of formulating models
of the educational system which display characteristics of interdependence
or optimization is iﬁcreasing rapidly, although still in its infancy. As
is to be expected from this qevelgpment however, the approaéhes which tend
to be followed vary greét]y in compréhensiveness as well a§ conéérn, from
the elaborate models of Ade]man(s) Pnd Bgnafd(7) in which the educational
system is viewed as one activity among a number of activities in a

(8)

programming format, to the less ambitious Bowles mode] of Northern
‘Nigeria in which resource demand flows from the non-educational sectors are
assumed given, and to be efficiently allocated by the educational sector,

on the one hand, and from the combined manpower - rate of return model of

(3) Irma Adelman, "A Linear Programming Model of Educational Planning: A
Case Study of Argentina," The Theory and Design of Development, %ed.)
Irma Adelman, Erik Thorbecke, Johns Hopkins Press (1966), pp. 385-412;
and I. Adelman, M. Geier, F. Golloday, "Education and Economic
Development:An Optimizing Approach," a paper read at the December 1967
meeting of the American Economics Association in Washington, D.C.
This second model refers to Morocco.

(4) P. de Wolff, "Models for Manpower and Educational Planning,” a paper
read at the December 1965 meeting of the American Economic Association
in New York.

(5) Jean Benard, "General Optimization Model for the Economy and Education,”
Mathematical Models in Educational Planning, OECD (Paris, 1967),
pp. 207-244. ~ ’

. (6) Adelman, op. cit.
(7) Benard, op. cit.
(8) Bowles, op. cit.
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Benard,(g) to the simple manpower oriented Tinbergen-Correa(]o) and deWolff

(11) ‘

models, on the other. ,

Structurally, all the models use an interindustry or inpdt—output
framework in which the production of skills involves intersectoral flows or
inter-level flows, while for the Adelman approach in addition to the dis-
aggregated production of ski]is, fhe'productibn of non-educational output
uses skills of various kinds.

The main problems that are cansidéred by Tinbergen and Correa in
their Eiglgg_presentation(]z) are (a) the structure of the educational
system appropriate to different patterns of growth - the "balanced growth"
question; (b) what are the adaptations which are needed by the educational
sector if acce]erated~growth is required, first in the presence of foreign
aid, and secondly, without foreign assistanée?(]3) The model assumes that
a fixed relationship exists between national output and educationai attain-
ment of the work force, that depreciation of the labor force can be
épproximated by the formula fér radio-active decay, and that the present

(14)

input-output co-efficients .are somehow appropriate. On the basis of

Dy

(9) Benard, op. cit.
(10)

(1)
(12)

Tinbergen-Correa, op. cit.
deWo1ff, op. cit.

This basic model has appeared in several other places including

H. Correa, The Economics of Human Reseurces, North-Holland Publishing
Co. (1963) and J. Tinbergen and H.C. Bos, "A Planning Model for the
Educational Requirements of Economic Development," Econometric Models
of Education, OECD, Paris (1965), Part I. .

(13)
(14)

Tinbergen-Correa, op. cit., pp. 776-777.
This last assumption is more imp]icit_than explicit.

f
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these assumptions Tinbergen-Correa derive, with the aid of a basic six
equation mode1; the requirements of the educational system for balanced
growth at a fixed exponential rate - and for the transition from one rate of
growth to a higher one.(]s) Extensions of the basic model include a more
general demand for education production function, sectoral dié-aggregation,

and the inclusion of innovation in the'production of skills. The4mode1
(16)

[y

While it cannot be said that the authors are unaware of the weak-

has been implemented empirically.
nesses of the model, it must nevertheless be stated that these weaknesses
do Timit the usefulness of the approach. In the first place, it can
seriously be questioned whether pfoduction processes are characterized by
fixedseducation output co-efficients as are implicit in the model, and even
maf//:undamentaliy, whgther on-the-job training, and hence skills, are not

re direct apd important in this context. To argue otherwise would be to
place formal §§ueat19n’f50 squarely in the center, when it can fairly be
reésoned that formal education contributes much more to the ability to
acquire a variety of ski]]s and to the flexibility of educated work force
to adapt to changing skill requirements, particularly in the setting of
developing societies. '

As was indicated in Chapter II, it is implicit in the manpower
planning épproach that the costs of training labor are minimal in relation
to alternatives, and that the pattern of skills must be assumed to be the

™
adjusting variable. This is true also for the Tinbergen-Correa model,

(15) Tinbergen and Bos, op. cit.

(16) Econometric Models of Education, op. cit.
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for the emphasis here is rather on the appropriateness of the pattern of
education }han on whether in relation to some clearly defined welfare
function, this pattern is deemed optimal. The authors are not unaware of

this,(]7)

but the thrust of the main model is on balance, rather than on
optimization-- .

The optimizing modei by Bowles de]ows in the traditioﬁ of ﬁﬁe
Tinbergen-Correa model by not treating‘a variety of skills, but breaks
new ground by implanting a rate-of-return orientation within an optimizing
approach.(]s) Essentially, Bowles cddrassed four questions namely: (a)
what amount of resources should be devoted to the creation of education;
(b) what should be the optimal distribution of the resource made available
by society to various types of education; (c) what kinds of educational
technologies should be choseﬁ; (d) what should be the optimal level of
importation of labor f;F use in the educational system. The model's
objective function defined a discounted rate of return attributable to
various educational levels, and the model seeks to maximize this "net
benefit for education" function, subject to a number of constraints in the
form of an input-output model of the ecucational system and exogenously
specified boundary values of a number of instrument variab]es; Parametric
variation of arbitrary specification in the model determines the sensitivity
of the optimal results to these changes.

The net benefits to éducation can bg‘ggfined as

ZJ.=Yj-Y-CJ. (1)

(7) Tinbergen and Bos, op. cit., pp. 17-21.
(18) Samuel Bowles, op. cit™ -
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where Yj represents the present value of estimated stream of lifetime income

which is attributable to labor with education j, Y is the measure of dis-

counted earnings foregone during the acquisition of that education, and

J
of education level j. The objective function is then

C. is the measure of present value of direct costs sustained in the purchase

meL X | (2
where Z* is the‘sum of product of net.benefits to education j, and Xg,
the number of students admitted at level j. The superscript o identifies
the year of the planning period. This function is maximized subject to
resource constraints which are of three types: (a) those inpuég of stocks
of teachers generated by the educational system itself, (b) those student
flows within the educational system itself, and (c) those inputs from the
non-educational sector of the economy. Boundary conditions on the use of
instrument variables round out the set of constraints.
| The assumptions of the model identify how closely the model comes to
reality. For the most part these assumpfions are the typical ones for a
linear programming formula, but Bowles made a number of interesting changes
to bring the model a bit closer to reality. Constant student-teacher ratios
were assumed, but the'sﬁpp]y-price‘of two types of teachers was allowed to
rise after being constant over a range of supply. Tﬁe resulting supply
curve is thus a étep-function indicating the increased cost of acquiring
teachers of certain types-if these teachers-have to be imported from abroad.
The model uses, as co-efficients in fhe objective function, estimated
~ future earnings, discounted at an appropriate rate, of the various levels of
education.. : It has been pointed out in Chapter II, that in the setting of

developing societies, this assumption may not be very reliable as earnings
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may reflect dis-equilibrium conditions rather than equilibrium ones, and
that the aégumption of constahcy of income differentials over time is rather
heroic. It is quite possible that as the labor market conditién changes
from tightness to one of ease, that employers upgrade the quality of labor,
by using labor of a higher educational quality in a specific occupation than
was used before. This would certainly destroy the constancy of income
differentials due to education. An approach based on productivity would
perhaps be a better means of captdring‘the effect of increased education.

It was also assumed that income differentials were entirely due to .
. education, that is, that factors such as family background; wealth, ability,
did not play a significant raté in the generation of incqme differentials.
The unrea]ity of thié assumption has already been discussed, but knowledge
on ihis score that is amenable to quantification is still quite meager, and
hence thevassumption would almost certainly have to be made.

Finally, the objective function identifies only those benefits to

education which are measurable in terms of higher earnings to individuals,
-
U4

and, specified as it is, as a linear function of activity levels, the net
benefits do not enter as a function of output levels of the various
activities. In the former ease, as ha; been indicated, the total returns to
educational levels may be understated since the external effects have not
been included, nor have consumption aspects of education been accomodated in

the model and in the latter, as Bowles correctly points out,(19) the

D e
elasticity of demand for labor is asSumed infinite. While the opposite

assumption of zero elasticity implicit in manpower studies is somewhat

(19) 1p44., p. 218,

~
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strong, infinite elasticity on the other hand is no less heroic.

Initial conditions neglect the state of the economy at the.beginning
of the planning perin, but the terminal conditions must be specified so as
to force the model to provide a certain profile of post-plan conditions
Specifically, the capital structure that is bequeathed to future generat1ons
is highly sensitive to the term1na1 cond1t10ns required by the model.

Bowles stipulated that the act1v1t1es‘re1ated to teacher training and for

the production of continuiqg students be at levels, just prior to the end of -

the planning period, that will support post-plan rates of growth similar to
those attained during the plan. -

Parametric variation of somé of the important assumptions in the
model indicate that these-assumpfions are not that crucial in determining
the optimal solution. This is an interesting kind of result when the
specific assumptions are reviewed, but his result may have been true only
becaugg\fhe model runs only for 7 years. It might very well be true that
foé educ;;1ona1-cum-manpower planning done over a long term period, which
it should be, the model would prove sensitive to the particular assumptions
used. In any event, Bowles was able to (a) determine the optimal pattern
of enrollments and resource use within the educational sectof, (b) determine
the choice of educational téchno1ogy, (c) determine the optimal pattern of
importation of educated labor, and (d) determine the optimal total resource
use by education.(zo) e
While the model has been able to provide 1nformation_about the edu-

cational sector with richer detail than the Tinbergen-Correa model,(21)

(20) 1bid., pp. 203-214.

' _(2]) ...parficu]a?]y in the choice of educational techniques.
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it should not be forgotten that the educational system was considered apart
from the non-educational sector, and this necessarily raises questions about
the assumption of an éppropriate fixed pattern of demand coming from the
non-educational sector. Ideally, one should work with a model in which the
optimal allocation of investible resources is viewed over as wiae as possible
a list of alternatives. In other words fhe ideal kind of model would
consider the pattern of demand for Tabor and the production of skills

simultaneously. It is to these models that we now turn,

The Adelman Mode]s(zz)

The Adelman models identify a new point of departure for_ the pro-
gramming models involving the educafiona] sector in that unlike the previous
attempts, they explicitly invo]véﬁ’optimization simultaneously in the
education and non-education sectors. This innovation allowed the demand
for education to be generated endogenously by the development of the optimal
pattern of non-educational as well as educational growth. This approach, as

Professor Adelman has indicated,(23)

was suggested by the highly sensitive
nature of the optimal solution to a programming model of Argentina, when the
availability of technical and managerial manpower was raised. The optimal
profile of the economic structure was changed in the direction of a higher
degree of industrialization, as well as a greater concentration of manu-

facturing in heavy - rather than Tight industry.

e

(22) Adelman, op. cit., Footnote 3, page 34. For ease of reference, the
) Adelman Argentina mode1 will be called Adelman (1), and the Adelman
Morocco model will be called Adelman (II).

(23) 1pid., Adelman (I).
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The model is in the form of a dynamic linear program, covering several
time periods.(24) It represent;la compromise between the "manpower planning"
approach and the "rate of return" approach, in that fixed labor-output co-
efficients are used and the desirability of labor is a function of the
earnings which one related to the level of schooling. The significant
departure however which the app}oacﬁ takes is in determininglfhe "rate of
return” along with the production profile and the pattern of education
rather than in the use of historical &ata, as was done in Bowles. The
approach also shiftsthe emphasis from the unilateral determination of labor
requirements typical of the more conventional manpower planning approach,
and allows instead for the optima]Adetermination of supply and demand.

In the conventioﬁ-of the 1inear programming format, the model
specifies an objective function to be optimized subject to a set of con-
straints. The objective function that is maximized can assume many forms,
and three such functions were considered: (a) maximization of the dis-
counted sum of GNP; (b) maximization of the change in GNP over the plan
period; (c) minimization of the discounted sum of net foreign capital
inflows. The constraints are of several types and refer to the educational
system and the productive system. For the educational system, the con-
straints involve the usual initial conditions (supply of students and

teachers and school buildings), production function for the educational

system in which it is specified how students move through the educational
o

(24) My remarks here will refer to Adelman (I). Both models are funda-

mentally alike except for better data, greater disaggregation, more
thorough treatment of terminal conditions, and the possibility of
importing labor -(skills) in Adelman (II).
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system, and a setvof exogenously specified lower limits to enrollments in
each type of school, to prevent radfca] shifts in the pattern of school
enrollments during the program. For the productive sectors, the constraints
are embodied in an input-output model which specifies the technological con-
ditions of production and investment, and the usual programming requirement
Timiting the use of-resources, bofh 1a50r'1n the form of ski11,“énd sectoral
capacity, as well as foreién exchange and savings are specified. Behavioral
constraints and terminal conditions comp}ete‘the list of constraints.
Maximization of the objective function subject to the constraints
results in identification of optimal levels at which the various processes
should be operated in each period.of(the program. In addition to that the
.dual of the linear programming problemgenerates "efficiency prices" with
which to evaluate constrafnts in the optimal program. In short, there is
significant relation between the number of Timited resources and the number
of processes in the solution of a Tinear programming problem. Resources
which are not binding in the sense that they are not used to capacity will
have a zero shadow price ip the'dual. If the number of resources is greater
than the number of processes, some of the excess resources will have zero
shadow prices in the dual; if the number of Timited resources is exactly
equal to the number of processes, all resources will have positive, dual
values; if the number of processes is greater than the number of g'sources
in Timited supply, some proéésses will not be used in the optimal

pront
program.(zs) For the Adelman model, the dual of the program gives shadow

(25) For a full statement on the interpretation of the dual see for example,
Dorfman, Samuelson, Solow, Linear Programming and Economic Analysis,
(1958), Chap. 7; William J. Baummol, Economic Theory and Operations
Analysis, (1965), Chap. 6; Saul Gass, Linear Programming, (1958) Ch. 5.
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prices for the graduates and drop-outs of the various schools (or school
levels) used in the system for each optimization problem. These values are
used to determine social costs and benefits of education, and also to
identify the subsidies that are justifiable to encourage drop-outs to remain
in school. Other results of the gxperiments include determinatién of
investment in education, and‘the educatioﬁa] Tevel of the 1abor.force:
Perhaps the most crucial part of the modg] comprises the "labor force
change" equations which provide the 1ink between the educational and non-
educational sectors. Labor demand per class of labor ( (a) workers, (b)
managers, white collar workers, and professionals, and (c) propr{étors)(zs)
is transiated into demand for educatfon via productivity differentials for
different schooling levels wfthin each skill class. Professor Adelman
assumed that labor within each skill class was highly substitutable, but
even with equivalent education, substitution of labor between skill classes
was not possible. Prbductivity parameters which were used were merely
"questimates” of the true parameters.

Several aspects of this model, some of which were corrected in
‘Adelman (II) warrant critical comment. In the first place, as Professor
Adelman has indicated, the linearity assumptions comprise an eséentia]
limitation on the usefulness of the model, though they do not entirely
invalidate its insight.” Other perhaps more crucial issues involve the
economic reality implied by the assumptions ggxgrning the productivity
co-efficients, and the issue of substitutability of skills in.?bg Ero-

{:
duction function. While on the one hand, it may not be entirely costless

(26) In Adelman (II), there was further disaggregation.
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to convert, for example, proprietor skills into manager skills and that it
is perhaps more true that, the relevant isoquant is convex, though not
necessarily strictly convex over the relevant region, than is indicated by
the particular assumption about non-substitutability, on the other hand it
is not easily defended that productivity differentials are consfant, which
is implied by a constant mafgina1 raté of‘substitution'for dif%erentllevels
of education within a given skill c]ass.(27) Labor market conditions would
eventually be the deciding factor and perhaps earnings differentials would
have to be used as an indicator of productivity differentia]s, despite
their obvious 1imitations.(28) )

Given these issues{ Adelman found that with respect to the optimal
educational allocation, the model was quite insensitive to changes in
industrial structure and to the goals of the planners in that the alle-
viation of the high-level manpower bottleneck emerged as the policy of
highest priority.(zg)

In addition to testing the properties of the model via the use of
different objective functions, Adelman could have combined the true
objectives in.any num@gr of Qays, perhaps by giving values to each

objective in a composite prﬁference function as was done by Van Eijk and

(30)

Sandee, or.by regarding one of the three forms as the maximand, and

(27) In Adelman (II), 1a§570f skill substitutability is less severe due
to the specification of sectors in terms—6f factor intensities.

(28) see chapter I1.

(29) This result however cannot be viewed independently of the productivity
differentials assumed.

(30) C. d. Van Eijk and J. Sandee, "Quantitative Determination of an
Optimum-Economic Po]icy,"AEconometriga, (1959), pp. 1-13.
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1isting the others as among the constraints of the model. While the first
method would involve some real difficu]ties in the specification of the
parameters, the second method would lend itself exceedingly well to the
quantification of the costs of alternate levels of the "instrument"
variables on the attainment of the specified objective of the program. Other
parametric studies which could héve Beeh made, include variat{an of severa]t
groups of parameters for example, teacher/student ratios, passing rates,
duration of schooling, and the estab]i;hmenf of universal primary
education.(31) Perhaps also one could study the effect of out-migration on
the. demands to be made on the educational system. A major deoarture would
be to introduce non—éonvggities into the model so as to study the prob]emhd,,\‘,x
of scale economies. | }
The Benard Mode1(3%) . e

— -

A
In some fundamental ways, the Benard model differs from the{Ag§4ﬁan

formulations, though both share a common analytic structure. The model,
agaih, is a linear programming model in which a preference function is
maximized subject to the endogenous and exogenous constraints of the system.
Its purpose is essentially similar to that of the Adeiman formulations:

to determine the optimum allocation of resources between education and the
non—educétiona] sectors or activities in the economy over time. There are
however some important points of difference.

S~

(31) Intuitively, one feels that this is a must for developing societies
since it perhaps is true that this provides the labor force with the
" kind of flexibility required for large-scale structural change.

(32) Jean Benard, "General Optimization Model for the Economy and
Education," Mathematical Models .in Educational Planning, OECD,
Paris (1967), pp. 207-243.




N

-47-

Unlike Adelman (I), but very much. Tike Adelman (II), the objective
funct1on includes a specification of the post-plan production potential.
The function is actually "made up of numerical indices of the standard of
living of the popu]atioh throughout the years considered and of the
production potential at the end.of that period.“<33) The set 6f constraints
can be divided into thosebrelating to résources and uses of cﬁmmeréial
goods and services produced, and of ayailable 1abor (where commercial goods
are those goods which are marketed); those defining production capacity
limits; those linking training activities to the demand for skilled man-
power; and exogenously specified constraints on minimum growth for education,
and on budgetary ceilings. ‘

Benard also treats the educational sector or activity,d{fferently.
The output from this sector is regarded as entirely "intgrmediate“ in the
sense that a notional activity is defined, whose function is the training
of skilled labor, and the output of the educational system definéd in
terms of number of students, when this output is “final" (in the sense
that there are not students completing one grade and going on to the next),
is regarded as an input into this notional activity. The link then between
education and the commercial sectors is defined in terms of transition
ratios between education levels and skill levels, parameters specifying the
shift from one skill 'level to anofher based on "occupational upgradings and

1" (34)

professional experience acquired in actua]ﬂgtgctice,» and an incidence

ratio, indicating the number of students who, out of the number completing
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a certain level of education, will 1ikely join the labor force. Benard then
completely by-passes the thorny issue of productivity co-efficients which
is central to the Adelman approach.

Another important departure in the Benard approach, though it perhaps
~ is a result of the specification of the objective of the mode],{ﬁame]y
consumption, was the inclusion in the preference function (through the
addition of a constraint) of a lower Timit to the number of students who
" continue their education, this to insure what the author calls "educational

‘end use' consumption."(35)

It is recognized that the social optimum would
be reduced if this constraint became effective, but this could be regarded
as a kind of "cost of the,educationhi surplus.”

The model presented by Benard was not implemented in the richness of
detgi] contained in the theoretical model, but a smaller program was worked
out to test the characteristics of the main model. The data for the full
implementation of the model are only now being collected. It can clearly .
‘be stated however that the model does hold out much hope for empirical
1mp1ementation. It is also of a form which makes it exceptionally amenable
to the parametric variation of several sets of crucial constants.

Summation | )

The programming models which we have looked at vary greatly in the
kind of detail and in the kind of brob]em viewed, buf in severa1m[§spects,
they embody important similarities. Signifiggpt]y, they prov%de tggw“broad"

view which was lacking in the previous attempts at the quantification of

the role of education in the development process, and they indicate the

»

(35) Ibid., p. 211 (See Chapter II for justification of this).
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scope of the problems which can bg handled, when these problems are posed
in a certain fashion. Programming methods perhaps will not be able to
rigidly determine economic policy because of the well-known but nonetheless
serious departures from reality embodied in them, but they can go a long
way to indicatfng interdependencjes showing the results of action. Perhaps,
no less significantly, they can be used by planners to quantify foflthe
decision-makers the cost of a]ternativ? courses of action. In this way they

perform a useful purpose.
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Appendix to Chapter III

Market Failure, Non-convexities and

Research Allocation in Education

In this chapter, an analysis of the more important programming models
was uhdertaken. It was observed that programming techniques have vastly
expanded the scope of analysis re]éted‘to‘the general problem of”eduéétion,
training, and economic growth. Despite their obvious advantages, some im-
portant aspects of economic reality as tﬁey relate to the issue of
educational allocation were not taken into consideration, and hence the use-
fulness of these models is somewhat called into question. It is ﬁot_ﬁere
‘maintained that a model is useless if it does not take into view all ;e1evant
aspects of the reality in qhestion (the revival of interest in questions of
economic methodology has indicated the deep philosophical problems which
beset this attempt at a total catalogue). What is, however, maintained is
that policy conclusions drawn from models which push aside pervasive elements
of economic reality must be regarded as eminently suspect.(1) In this
appendix, we will note some of these elements, and indicate the problems

introduced by their non-recognition.

(1)

The Titerature on methodology is quite extensive. A good flavor of
the whole can be gleaned from S. R. Krupp (ed.), The Structure of
Economic Science, Prentice Hall (1966). See also, Adolph Lowe,
On_Economic Knowledge, and Tonu Puu, "Some Reflections on the Relation
Between Economic Theory and Empirical Reality," Swedish Journal of
Economics, (1967), pp. 85-114. It should be remarked however, that
virtually all of the methodological discussion is confined to the
sphere of private goods; the public goods question is still to be
addressed.

1
1
1
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I't may be worthwhile to recapitulate, in capsule form, the

conclusions of Chapter Il of this study. With respect to the rate of return

approach and manpower planning approach to educational allocations, it was

concluded that:

(a)

(b)

(c)

(d)

(e)

(f)

because of disequi]ibrium, prices do not necessarily rgf]ect
productivity at thé margin, andAprice signals thus cannot |
be trusted; . |

since the production function reflected a static orientation,
dynamic considerations are left out, and to the extent that
growth is a dynamic phenomenon, the production function
approach mis-states the reaiity;....

To the extent that distributive shares are not necessarily
determined by marginal productivity of the féctors alone, the
use of earnings data introduces a bias into the estimates of
productivity. In econometric terminology, this becomes the
"excluded variables" question.....

Traditional methods assume separability of factor returns, but
the question of complementarity of factors in the production
pﬁocess serves to cast serious doubt on this assumptidn....
whexher technical change is embodied or is disembodied .is an
importanf~issue, which cannot be decided only at the level of
measurement. o

The identification of total factor productivity with the
residual is perhaps more a measure of our ignorance than a

measure of the contribution of a "third factor." Put in

another way, could not the residual be substantially reduced
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if we were better able to provide more representative measures
of capital input and labor input, and is not this residual
dependent on the specification of the production function?

(g) The narrow definition of education used, quite despite the
efforts of Mincer and Becker to include on-the-job traipfng in
that definition, presents an over1y optimistic view of skill
creation through fprma] education.

(h) The possibi1ity of cobweb phenomena in labor markets over time
leads to the very real danger of using disequilibrium values
to represent equilibrium ones, with consequent misallocation of
resources.

These issues have served to highlight important cases of "market failure,"
and in so doing can help to demonstrate the weakness of the linear pro-
gramming techniques as used in the models considered in Chapter 111,

It has been very well demonstrated that in order to be able to work

Vback, in a constrained maximization problem, from the position of “con-
strained bliss" to determinate prices, wages and rent, convexity is a
necessary requirement in both the consumption and production spheres.(z)
Linear programming solutions depend crucially on the notion of conVex sets
and the fundamental theorems do not hold in cases where non-convexities are |
present. Increasing returns to scale constitute an important kind of non-
convexity, in the face of which, the duality theorem does not|ho1d. Length

of schooling probably does exhibit increasing returns to scale. The

(2) Francis Bator, “Simple Analytics of Welfare Maximization," American
Economic Review, (March 1957), pp. 22-59; and Koopmans, Essay I, in
Three Essays. on the State of Economic Science, (1957).
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crucial dependence of ease of adjustment for a community facing a new
technology indicates_that the greafer the edugation at least for thg primary
‘and secondary levels, the greater the gain per unit of expenditure for the
acquisition of the new technology. This has been well demonstrated in the
case of agriculture where it has been observed that the better educated
farmers tend to .adapt to, and toladopf, more up-to-date technidﬁes of
production than their less educated peers, and this no doubt could be true

(3) ‘

also for industry. Hence, since the production function for linear pro-
gramming necessarily assumes constant returns to scale, allocations which
are dindicated by the solution to a 1inear programming problem will be sub-
optimal in an area characterized by pervasive eqonomies of scale.
programming allocation methods no less significant than the existence of
scale economies. These arise frequegt]y in location prob]ems(4) for
example, and in areas where the solution to the programming problem cannot
be allowed to vary continuously and retain meaning. Examples of this in
the field of economic development can be cited quite easily. The extension
to the field of education is fairly obvious, particularly with respect to
higher education. Linear programming methods have obvious limitations when

lities occur and the more powerful technique of integer pro-

gramming becomes necessary.

. ’_y_/
(3) It perhaps would be harder to demonstrate for industry due to
particular institutional set-up.

(4) T. C. Koopman and M. Beck&ann, "Assignment Problems and Location,"
Econometrica, XXV, No. 1 (January 1957). See also the full analysis
in Charles R. Frank, Jr., Production Theory and Indivisible
Commodities, Princeton University Press.
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Traditional programming techniques have all assumed constancy of
technical co-efficients. This device has appealing support in terms. of
ease of manipulation. However, the development process itself is nothing
if it does not somehow provide for the evolution of improved technologies
over time. This necessitates the recognition not only of the pqésibi]ity
of, say, lower capital/output ratios ovef the span of a perspective é]an,
but also, significantly, an increased labor productivity over time, if the
emphasis of policy lies in the direction of improving éhe stock of human
capital through education and training. VYet despite this, all the models
have' continued to use constant ratios over time. A fairly frank admission
would, no doubt, lead to the writing of stochastic programming models.
Short of that, if the time trend of improvement of technical co-efficients
is known, this could simply be programmed. However, this is not Tikely to
be the case. Nonetheless an attempt could be made to include some
estimates of these changes in programming allocation models. The improve-
ment in technology over time, quite apart from the existence of newer

(5)

capifa] has been recognized and treated analytically, but remains to be
included in actual planning models. This could be done again using integer
programming methods to solve the sequencing problem. |

An issue bearing on the question of economies of scale, but sepafate
from it, and which when operative, causes a divergence between private and

social costs and benefits, is the existence.gj;externalities of a

() Ingvar Svennilson, "Economic Growth and Technical Progress: An Essay
in Sequence Analysis," The Residual Factor and Economic Growth, OECD,
Paris (1964), pp. 103-131. —
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technological nature.(s) The presence of external economies of aMEEEh-
nological nature leads to extremely nasty pricing problems, as in the case
of non-corner optima or even worse, in the case of interior optima, and
clearly under conditions like these, the price system becomes highly
inefficient as a resource allocation device. 4

It was demonstrated earlier that in the area of edupation and
training externalities are almost always present: in_the increasedlpro-
bability to succeed at a higher grade if success was achieved at the lower
grade; or, the improved productivity in the non-educational sectors due to
achievement of some level of activity in the educational sector. Given
these pervasive externalities, the "effid{enby"'prices generated by the
dual of the programming problem will in all probability provide the wrong
kinds of signals, whether they are used to determine rates of return to
educational investment alone, or whether they are used by individuals or
by the planning agency as allocating devices (shadow prices).

In the face of this "non-classical" kind of environment in which
indivisibilities are present and where there are external effects,
decentralization of decision-making is not guaranteed to give efficient
résu1ts and some other method of a]]ocatihg resources has to be found. It
should be noted however that a particular kind of decentralization is
appropriate only to its related partitioning ru]es,.and in the same way
that mergers or other types of business combinafiggg,cou]d conceivably
internalize the previously existing externalities, different types of

socio-economic partitioning which are in a sense coarser would probably

(6) See Bator, “The Anatomy of Market Failure," Quarterly Journal of
Economics (August 1958{ pp. 351-379.
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succeed in eliminating these troubTesome external effects at the macro

1eve1.(7)

This consideration becomes extremely relevant in cases where
government participation, through the use of tax funds, is necessary to
augment purely private efforts at upgrading education and training so as to
achieve a higher rate of income growth. In this case the use of tax funds
to finance at least a part of the eost 6f training represents anbéttembt to
spread the appropriate cost over the entire range of beneficiaries of-higher
grade skills in the community and not on]& over those whose skill levels are
directly affected by the new education and training.

- It has been stated that in those cases where economies of scale or

(8)

'1ndivisibi11ties or externalities exist and are relevant, the market
mechanism misallocated resources. When our concern is with planning, it
becomes necessary to move somewhat away from the traditional and much the
simpler technique of continuous linear programming, and to employ the more
dffficu]t, but much more realistic device of integer programming. This
matter will now be taken up.

It was stated earlier that the allocation problem concerning edu-
cation and training finds almost everywhere present cases of technical
externalities and economies of scale, and these non-convexities place added
burden on the computation of correct values to be used for resource allo-

cation if the computational device assumes perfect competitive conditions.

In this situation, it becomes necessary to move to integer programming as
v

(7) Leonid Hurwicz, "Efficiency of Decentralized Structures," Value and
Plan, Gregory Grossman, (ed.) (1960, pp. 162-175.

(8) James M. Buchanan and Will Craig Stubblebine, "Externality,"
Economica, (November 1962), p. 371, for a definition of relevance
with respect to externalities.
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the most feasible alternative. An'Ettehpt will now be made to restate

some of the already mentioned problems, using, this time, integer

programming. These models are not intended to be exhaustive, but are

meant to indicate some of the problems which the technique is capable of
(9) '

addressing.

The general Tlinear programming mode]lcan be written:

Maximize: Z = cX
Subject to: Ax < b
x>0 (1)

This problem in matrix form states that the objective is to maximize the
finear functional subject to/a set of linear constraints and non-negativity
reqhirements on the values of thé X's in the solution. The columns of the
matrix can be regarded as activities or processes and the objective is to
find Tevels of activity operation which maximize the value of the objective
function. Here, if some specific x is used (is >0) in the solution, the

7 .corresponding activity is used. In continuous programming, the activities
may be used at any non-negative level; in integer programming, the activity

Tevels are further constrained to be integer valued, being 0 or 1. The

(9) Integer programming methods are well explained in George Dantzig,
Linear Programming and Extensions, Princeton (1963); G. Hadley,
Nonlinear and Dynamic Programming, Addison-Wesley (1964); and Michael
Sbmonnard, Linear Programming, Prentice Hall (1966). A thorough survey
of the subject was made by M. L. Balinsky, "Integer Programming:
Methods, Uses, Computation," Management Science, Vol. 12, No. 3,
(November 1965), pp. 253-313. For the application of the method to
investment planning, see D. Kendrick, Programming Investment in the
Process Industries, M.I.T. Press (1967) and 1. Vietorisz, "Industrial

Development Planning Models with Economies of Scale and Indivisibilities,"
Regional Science Association; Papers XII (1964), pp. 157-192.
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specification of the optimization prégiém in this latter form is necessary
economies of scale. Integer programming problems may be mixed, in which
some not all, of the variables must take on integer values, or they may
be full integer problems where the entire solution set must satisfy the
integer requirement.(]o)
The solution to integer programs entails great difficulties which
have not yet been fully overcome. In several articles, Ralph Gomory out-
1ined a method for the solution, first of full integer programs, then mixed
integer brograms. The computational expgrience has not been too favorable
however due to the slow -convergence Fharacteristic of the method of integer
forms which uses the theory of fractional part operators to integerise the
variables after a non-integer optimum solution had already been formed. The
method is thus practical only for very small programs and very soon becomes

(1)

‘very costly in terms of computational effort. In this chapter, no
attempt will be made to get solutions to any model. The examples given
serve only to indicate possibilities in respect of education and training
allocations.

Possibility 1: Time sequence of improved technology through learning

curve phenomena:

Earlier in the paper it was iqdicated that models which use constant

N\ . N
technical co-efficients, particularly in a setting-in which learning will

5
(10) A full list of the problems which can be set up as integer programming
problems is given in Dantzig, op. cit.

(1) See for example, Ralph Gomory, "Outline of an Algorithm for Integer
Solutions to Linear Programs," Bulletin of the American Mathematical
Society, LXIV (1958), pp. 275-278.
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materialize at an accelerated rate,AEfand to distort the real time path of
the economy in question, and should important allocative issues rest on the
solutions of those models, decision makers may be misquided. Hence, the
question of changing co-efficients over time becomes an important question.
Whereas this issue however may assume only marginal proportions fqr>modgis
of short horizon, as the time lengthens, more explicit recognition should
be made of these important changes. It is‘however noted, that data pro-
blems will likely restrict any effort at a closer representation of this
aspect of the development process, particularly in the setting of developing
ngtions:

In order to express the fact thaf the growth process involves
“Learning curve" phenomena which make resource allocation based on fixed
ratios very suspect, we can explicitly include in an activity analysis model
changes in technical co-efficients over time which express the fact that in
period t + 1, a certain technological level is achieved which was not avail-
~able in period t, entirely without new investment.

Let a$j be the amount of input i used to make one unit of j, or to

t

do job j in period t. Assume also that B is the availability of input i

in that period. Let a$j+ 1 and B? t represent the factor requirements
and availabilities in the following period. xF represents activity level j

J
in period t. There are j activities'1, 2, ..., J and t periods 1, 2,...,T.

Requirements that factors used be restrained by availabilities can be

represented: _
tooxd t (2)

x? < 0 _ (3)
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This is true for period t. If it is~also required that one achieves a
"more favorable" technical co-efficient in the following period as a result

of Tearning, then this requirement can be stated:

t t+1
a,ij > a,ij (4)
We wish to restrain the use of technology represented by a$j+ 1, to a
period subsequent to the one in which the téthno]ogy represented by
a$j obtained. This could be done by saying that a$j+ L 0 unless -
“?j > 0. Integer programming methods can be used to express this kind of

zero - one, either - or constraint pattern.
‘Let us define a new variable &, such that
0<é6< 1,58 aniinteger.

Note that if technology represented by a?& is used, then:

«f; >0 (5)
Remembering that.aij is appropriate to x§, a$j¥~] to x§ 1
and so on, then the condition that “?j+ T, 0 if “?j + 0 can be represented:
SR | (6)
SR | )

Pl

If then Gij = 1 then a$j >1or a§j = 1 in (7) and equation (5) is also

-
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satisfied, and a$j+ 1 is required to BE#} 1 in equation (6); If however,
B
- . . t+1 t+ 1 _ t oo
Gij 0, then in equation (6) o5 <0or o5 = 0 and o5 = 0 is a

t+1

possibility from (7). Hence the only way to ensure that o5 >0 or

t+1

o5 =0 is if a?- > 0. The integer restraints can thus be stated for’

J
any
S

[\
j :

1]

0 < & < 1,8 an integer.
Capacity constraints would be as indicated in (2), and maximization would be

carried out with respect to = At x? s At being weights in the function.

J
t
Notice however that the problem would become quite complicated for a large
program, and this effectively 1imits the applicability of this type
technique. . f

Possibility 2: Education and training allocations in an urban economy:

One of the problems in urban areas is the high incidence of unem-
ployment. ATong with this, the existgnée of ghetto structures imposesa low
potential for any individual to-break out of this pattern once in it. There
tends to be then high unemployment along with low potential for growth. The

problem is not unlike that observed in low income countries where only

e
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massive attacks will serve to breakﬁfﬁé lTow level equilibrium trap. It has
therefore been suggested, (and several government programs of one type or
the other have been designed to meet it), that only massive efforts will
ever succeed in changing the situation due to the several self-reenforcing
tendencies of a poverty structure. The nature of that attack can be
formulated as a programming problem in which.the decision-maker is assuﬁed
to have a clear idea of what it is he intequ to seek.

Assume that: (a) Government is concerned about the existence of high
unemployment in its constituency; (b) it can get funds to finance training

programs; (c) it can then set up government training programs in

'specifically designed centers to train different kinds of labor (skills);

(d) business firms can use existing facilities to train labor, but could
run into many problems in implementing this (specifically, unions may reject
labor which did not get apprenticeship through them, or the labor that firms

may train may acquire skills that are not unique to that firm but may be

"highly marketable and the training investment may not return to the firm

appropriate rewards); (e) the Government could subsidize companies which do
training, to varying degrees. Then the objective of employment policy
could be to increase the skill level of the urban population with a view
to setting 1in motion the potential for sustained productivity gain. This
can be set up as a programming problem. Let:
t . . . .
X; be type i of skilled labor 12/Bpr1od t
x° be type i of skilled labor in period zero.
.i

Then without definitive effort, the rate of growth of skilled labor i will

be of a certain level which could prevent equilibrium between demand and
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supply of other categories of ski]]éﬂfﬂabor. Let:
pj represent the discounted lifetime earnings of Tabor
of type skill j (j =1, 2, ..., n)
xj represent Tabor of type j which has been gotten by
training labor (retra1n1ng) of type i
’akj represent the amount of resource k required to produce
a unit of labor skill j
This formulation of the problem would seem to indicate the use of continuous
linear programming. However there usually will exist some zero-one
decisions which will call for a modification of the solution technique.
Certain skills will require for their inculcation the prior satisfaction of
certain other requirements (for example, high level manufacturing skills
require a certain level of general and technical education, and the creation
of administrative skills requires yet other types of education). Secondly,
assuming that the demand is forthcoming, community income would be maximized
if ceftain activities are undertaken jointly rather than if they were done
separate]y: In other words, important cases of joint maximization should

be noted. These will therefore require the use of integer programming tech-

niques, and the skill creation allocation problem can be stated:

Max: f(x) . = Px (1)
Sub.: to: Ax <c¢ (2)
X <0 (3)
< o
(0 < xypg < 1)c:xj (4)
v
X; . = integer

int
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The objective function (1) is a 1inear’?jnction of the X5 with the weights
being discounted lifetime incomes of the newly created labor skill classes.
j. (2) specifies the capacity restrictions for the resources c to be used
in the creation of these skills. (3) states the usual non-negativity
requirements, and (4) indicates that a gertqin subclass of the X musF take
.on integer values due to tied relationships or because of external effectﬁ:r
The above problem, it should be noted,‘is Qf thé mixed variety of
integer programs, and if small enough, could be solved by any of the

known techniques.
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Chaptef\fv
DEVELOPMENT PLANNING IN TANZANIA

In this chapter a brief review of Tanzanian planning experience is
made. The broad objectives of the first Five Year Plan will be specified
and the problems introduced by the need to interface the manpower and
economic deve]opment'plans touched on. In the f01lowing chapter a linear
programming model is constructed to represent what appéars‘to be the
objectives and constraints embodied in current development policy. Chapter
VI will detail the solutions to the model, together with evaluation of the
resu}ts, and suggestions for improvement of the model as well as other
indicated research will be made in a fina]lchaptér. An appendix will con-
tain the data used in the model.

Economic Planning in Tanzania

Tanzania was the result of a merger between Tanganyika's vast terri-
tory on the eastern side of Africa with the tiny island of Zanzibar. Tan-
ganyika had already become an independent state when the merger created the
United Republic of Tanganyika and Zanzibar. The total area covered is in
excess of some 360,000 square miles, and population is estimated at some
10 million. The land is extensively eroded due to the very heavy rainfall,
and despite the rainfall, water shortage is a fact of some éritica1
importance.

Germany began its rule of the country in 18§§3,and in the three
decades of German occupation, some attempt was made to establish important
items of economic infrastructure. The emphasis on sisal which persists even
until today began during fhis period.” Due to destruction and neglect,

'Tanganyika's agriculture suffered very severely during World War I, and thus
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the British inherited a country which h;EfBeen almost devastated, when in
1919 the League of Nations made Tanganyika a mandated territory.

The Twenties were years of some measure of economic growth but the
country suffered setbacks again in the Thirties due to the world economic
crisis as well as the grave uncertainties concerning a possible return of
German rule during the Hitler period. After the war, the uncerta{nties
lessened and serious effort was made to establish and foster the growth and
development of agricultural cash crop production. The early lead of sisal
was not broken, but in addition coffee and cotton began to grow in
importance. Other crops began to emerge and a small manufacturing sector
was established.

Tanzanian economic planning is perhaps best understood against the
background of economic disequilibrium which is clearly represented in its
structure of production. The economy is essentially agricultural, with
almost 60% of GDP contributed by agriculture and primary products.(s)
Primary product exports dominate the export sector and this fact has led to
the high sensitivity of the country's economic growth to the pattern of
export growth and terms of trade.(g) Though these statistics refer to the
period immediately prior to the current development plan, the existence of
structura] disequilibria has persisted for some time and has been the

fundamental motivating force behind the several attempts at economic planning.

e

(8? Tanganyika, Five Year Plan fér Economic and Social Development 1st July
1964 - 30th June 1969, Volume I, Dar es Salaam (1964), p. 107.

(9) Ibid. See in this regard also: David Walker, "Problems of Economic
Development of East Africa, "Economic Development for Africa South of
the Sahara, E.A.G. Robinson (ed.) St. Martins Press (1964), pp. 89-137.
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In 1946, a Ten Year Plan was formulated. The Plan represented more
an expenditure budget aimeé at financiﬁ% %nfrastructure. Communications and
education figured prominently in this early plan. The Plan was soon to be
revised however, due to several circumstances, not the Jeast of which we;é
the establishment of the East Africa High Commission, and the fact that
expenditure tended -to run quite high. A new‘plén was eventually drawﬁAup"
and was put into operation a full year before the 194641956'p1an was
scheduled to end. ‘

The 1955 plan was a five year plan, and involved expenditure at more
than double the old plan level despite the fact of its shorter plan period.
Incréased expenditure on educatiqn_and on medical services, as well as on
agriculture forced an increase in iotq] plan expenditures when the plan was
only a couple of years old. By ]961‘attempté were being made to give some
formal structure and sophistication toqthe planning mechanism by the
creation of a separate planning body, éﬁd a2 new plan was drawn up to span
the 1961-1964 period. Expenditures again ran quite high for social and
economic infrastructure, roads, power and education constituting the areas
of high plan expenditures.(]o)

In view of our now more sophisticated sense of economic p1annihg,

it is easy to identify the areas of weakness in the ear]y'attempts at the

formulation of development plans for Tanzania. Clark(]l) has identified

o

See Fred G. Burke, Tanganyika Preplanning, Syracuse University Press
(1965), for a good statement on early attempts at planning in Tan-
zanja. Paul G. Clark, Development Planning in East Africa, East
Africa Publishing House, (1965), gives a good comparison of early
plans of Kenya, Uganda-and Tanganyika.

(10)

(1) 1pi4.
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three basic weaknesses: (a) the p]ansﬁﬁére not centralized; (b) they repre-
sented attempts more at expenditure budgeting than at serious broad economic
planning; (c) they were not comprehensive in the sense of being based on
explicit quantitative analysis of the desired objectives of the economy as
a whole, embracing the public as well as pr1vate sectors, nor in stress1ng
plan fulfillment behavior or methods for the 1mp]ementat1on of the plan. It
is not hard therefore to recognize that the pld plans never had much effect
on the growth or structural configuration of Tanzanian economy. Real
serious comprehensive planning only began with the current plan.

The new plan is an extensive document. It represents however, only
one phase of a perspective plan to run unfi] 1980. Explicit goals were set
for the economy and the paths by which that economy is expected'to attain
the plan objectives are identified. The goals of the plan are" (a) to
raise income per capita from approximately k19.0 to k45 by 1980; (b) to
make Tanzania self-sufficient in trained manpower by 1980; (c¢) to increase
-life expectance to 50 years in 1980 from 35-40 years at the beginning of the

(12) These objectives are perspective plan objectives and the

plan period.
Five Year Plan is meant to get the economy on that path that will Tead to
those goals by 1980. The economy is divided into thirteen sectors,.and

sector targets are identified for 1970 and for 1980 the'final year of the

perspective p]an.(]3)

(12) Tanganyika, Five Year Plan for Economic and Social Development Ist

July, 1964-30th June, 1969, Vol. I (1964)¢ p. viii. (Hereafter called
Tanganyika Five Year Plan.)

(13) The plan does not include the explicit.statement of the input flows
which are crucial to the formation of consistent estimates for a
future year. .



-69-

The Five Year Plan represents a serious attempt at being
comprehensive. Due recognition is made of the inter-connection between the
public and private sectors, all major decisions are quantified, and means
for plan fulfillment are specified. One of the most crucial aspects of the
perspective plan as already identified was the stated goal of self-sufficing
in trained manpower by 1980. This is the éo-cai]ed‘"ization" prob]em-. ‘

identified by Tinbergen.(]4)

In the words of Fhe plan document, "... one of
the most serious obstacles to accelerated economic growth lies in the lack
of balance in the education and in the technical training of the people...
For this reason the Government has decided to bring about a change in the
structure of education and vocational traiﬁing so as to adapt it to the
needs of the economy and of Government for high level manpower and

auxiliary personne]."(]s) Clark, in looking at the potential constraints

on the size of development programs, identified four. Of these four,
government finance emerged as the most restraining in the period up to the
start of the new plans in East Africa (including the new Tanzania plan), but
due to the more ambitious nature of the new plans, government finance is
joined by educated manpower as the most serious 1imiting constraints.(16)
It is essentially this condition which forms an important point of debarture

for the subsequent programming evaluation, in this essay,‘of the effect of

the supply of skilled labor on the structure and pattern of Tanzanian

(14) Tinbergen, op. cit.
(15) Tanganyika, Five Year Plan

(16) pay1 6. Clark, op. cit., pp. 22-29.
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economic development during the 1964-1974 decade.(]7)
In this regard, it is perhaps a1sb instructive to observe that the.

rate of growth of gross domestic product for the period 1960-1962 to

1970 is set at 7.7% compounded yearly compared to 4.5% for the 1954-1961

period. Within this total, the growth of the monetary GDP is expected to

| quadruple that of the subsistence GDP in thé period to 1970 comparedvfo

just over a factor of two in the previous seven years.(]g) When it is
recognized that of the 102 million expenditdre budget of Central
Government, that k79.5 million represent external financing the real
dimensions of the added foreign exchange constraint on development become

revealed.

(17) For studies on the nature of the skilled 1ab9£‘pott1eneck in East
. Africa, see E.R. Rado and A.R. Jolly, "The D&mand for Manpower - An
East African Case Study," Journal of Development Studies, (April 1965),
pp. 226-250, and E.R. Rado, "Manpower Planning in East Africa,"
East Africa Economic Review, Vol. 7, (New Series), No. 1, (June 1967),
pp. 1-30. : :

(18) Tanganyika, Five Year Plan..., Vol. 1, p. 10.
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Chaptg?fv
MANPOWER AND ECONOMIC PLANNING:

THE CASE OF TANZANIA

The model developed and analyzed in this study is a fairly simple
model. One of the objectives of the formu]at1on of this type mode] was
to demonstrate how meaningful can programming mode]s be for the range of
questions which face developing countries 1p their manpower planning, and
yet remain fairly simple. The need for simplicity is demonstrated by Tow
level of complexity in countries at the stage of development as Tanzania is,
perhaps identified most dramatically by the number of cells in the input-
output model which are empty.(]) It wouid seem anamalous to use a highly
complex and sophisticated model for policy purposes for simple economies.
The use of simple models is justified therefore by their transparency, by
their ease in manipulation aﬁd by the unique characteristic that a wide
variety of solutions can be obtained from the parametrization of many
policy or otherwise key variables. Since programming models are costly to
run, this is a decided advantage for simple over highly complex ones.

In addition, since mathematical programming models can only represent
the reality that has been built into them, the simplicity of a modél of the
type used in this study facilitates the ready ana]ysis'of the effect of the
inclusion of the variety of assumptions made.

Within the constraints of these simpler mgggls, what appears needed is
a search for other hypotheses which would capture the essence of decision-

making in matters affecting the interfacing of manpower policy and broad

(1) See the input-output model in Appendix A, and Alan T. Peacock and
Douglas G.M. Dosser, The National Income of Tangany1ka 1952-1954,
Colonial Research Stud1es, No. 26, Her MaJesty S Stat1onary Off1ce,
(1958}, Chapter 2. -
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economic planning, at the same time thé;fgome more fundamental issues of
economic growth are being addressed.

Some years ago, Branko Horvat, in an important article, addressed a
question which to that time had not had the treatment it deserved in terms
of its importance to the development process,(z? The concept of "absorptive
capacity," its effect on growth and its determining components werg studied.
While, however, the theoretical significance of absorptive capacity was
established, the measurement problem was not addressed in full. The
question was: how do we get a measure of a country's absorptive capacity?
Through a number of publications, notably ;he work of Ad]er(3) and the work
of the OECD,(3) the foundation for a start in the direction of measurement
was made. Absorptive capacity could be viewed as setting‘some Timit fo the
amount of development assistance tha% a country could efficiently utilize at
any moment, or over some speci;ic period. If this is so, then it is possible
to record the different levels of usable aid for any country, and this could
constitute some measure of the under]yihg concept.(4) While there are
difficulties with this, it at least ieads to the identification of skill
limitations as constituting an important barrier to rapid economic growth.

Specifically, if Tabor availability is identified through skill units,

and if these skill units grow non-linearly as a function of educational

(2) Branko Horvat, "The Optimum Rate of Investmeht,i_Economié Journat
(December 1958), pp. 747-767.

(3) J. H. Ad]ef, Absorptive Capacity - The Concept and Its Determinants,
Brookings Institution (1965), and Quantitative Models as an Aid to
Development Assistance Policy, OECD, Paris {1967).

(4);H. B. Chenery and Alan M. Strout, "Foreign Assistance and Economic
Development," American Economic Review, (September 1966), pp. 679-732.
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expenditures and time, then the limits ta\Thvestment in productive sectors
would expand, and we could identify the expansion of these 1imits with edu-
cational expenditures and time. Since we do explicitly include time, we
also include "learning" phenomena, the effect of educational expenditures
could thus be viewed as expanding absorptive qapacity by raising 1imits_to
investment in specific sectors. It now becomes bossib]e to incorporété
questions of scale economie§ in a highly aggreggtive model in which edu-
cation and learning effects are incorporated. It is significant, in this

respect, that, as David Granick(s)

argues, the view that development results
from a;cumu]ation of real capital and in big lumps can be called into
question by the kinds of inefficienciés which arise when "best level"
technology imported into developing countries result, not in the achieve-
ment of optimal allocations, but in inefficiencies due to supply bottle-
necks inhibiting the most efficient operation of large scale plants, and
managerial inefficiencies due to the absence of high-~level manpower. Some
of the flavor of this emerged from the literature on the question of "choice
of techniques" where capital intensive methods of production were shown to
lead in important cases to an increase in demand for high-level manpower

" rather than substituting for it. In view of this, and in view also of.the
possibility of transporting best-level technology to deve]dping countries,
it appears even more strongly that the key to growth may very well be in

creating the appropriate kind and amount of labor sgills so as to push the

economy's absorptive capacity outwards.

(5) David Granick, Metal Fabricating and Economic Development: Practice
vs Policy, University of Wisconsin Press.
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A second issue which has emerged frem our study of the optimizing

techniques used so far in planning mode]s‘where education is included, re-
lates to the structure of these models. These models assume implicitly that
economic policy runs in a direction which establishes a priority to edu-
cational planning. In other words, the question of centralization vs
decentralization in economic policy is aQoidéd by the implicit assumpf{on
that decentralization decisions somehow coincide with decisions at the
center, and that what emerges as optimal for tﬁe educational sector is also
optimal for the economy as a whole. This need not be, and most 1ikely is
not, the case. A more appropriate model might show educational policy to be
"instfumenta]" in the sense that once broad macro policy is decided on, the
implication for educational policy gets determined. The importance of this
second viewpoint is that it leads to the formulation of a different kind of
model, a model in which an assumed welfare functioﬁ is optimized given a
list of constraints, but significance lies not in the single optimal result,
but in transformation surfaces which help the decision-makers to determine
trade-offs in the attainment of multiple objectives. Once decision-makers
have selected a particular optimal solution micro-decisions become somewhat
clearer.

" The essence of the approach outlined can be stated brief]y: ,

Max.: : f(x) .
S.T. g(x) < b (1)
e

This linear program states the planning framework. If supp]y'of skilled
labor is exogenously spec%fied, it then becomes possible to vary this

restraint and observe the effect on the welfare maximum. For any optimal

solution vector x*, there corresponds a skilled labor supply, 1*. This may
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then be used to find the appropriate oafﬁht of skilled labor total output
which is necessary for the provision of this "final demand" specification.
Assume that x*, is one solution from (1) then appropriate to x*, will be
11*, the exogenously specified amount of skilled Tlabor used in that run of
~the model. But the exogenously specified level of high-level manpower con-
tains certain implications for the educational system. If a system of flows
can be identified relating requirements of one type of labor per unit out-
put of another type, then it becomes possible to determine the output of the
educational system given the original policy determined welfare maximum.
This can be written:
L= h (1) | (2)
where h could have the form of the inverse of the Leontieff matrix, or
L% = (1= A7 1 (3)
where L]* is the total output of the educational system with respect to the
optimum solution x1*. Since significance attaches to the schedule of wel-
fare optima, we woﬁ]d then have a schedule of optimal Li*'

The method permits important interaction between the center and the
educational sector in a manner it is believed planning takes place in the
real world, for if a certain Li* is too expensive or requjres too dréstic a
reshaping of the educational sector,vthis informa;ion could be transmitted
to the responsible decision-méké;é and a new solution tried. This new
solution may be a new x%*, but it may also represent a change in certain

strategic variables in the educational system, such as teacher-student
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(6)

—~—
It also embodies what Lowe calls "instrumental in-

(7)

ratios for example.
ference" in economic policy, and its ensuing benefits. Finally, it per-
mits a certain degree of learning since the final solution is not
necessarily the solution with which the process began. In this sense, it
does achieve a certain amount of relevance, if compared to actual planning
practice.

In the sequel, a single period model 1is, used to study some of the
macro-economic policy results to be derived from consideration of supply of
high-Tlevel (skilled) manpower in the production function. At least two
questions abpear significant in terms of the broad issue of economic
development: (a) the effect of the variaﬁion in supply of skilled Tabor on
the welfare maximum; and (b) the effect of policy-determined rates of
Tocalization of the labor force, given patterns of foreign exchange avail-
ability. No attempt will be made to relate these macro results to the
characteristics of the school system that would be consistent with them.

A model of this type gives recognition to the seriousness of the
limitational constraint that high-level manpower can constitute for newly
developing countries especially, as in the case of Tanzania, where the
development program is quite ambitious, not only in terms of rate of growth,
but also in terms of the broad structural transformation that is built into
the development plan.

et

(6) For a recent attempt at modelling the interaction process in manpower,
education and economic planning, see Paul M. LeVasseur, "A Study of
Inter-relationships Between Education, Manpower, and Economy," Socio-
Economic Planning Sciences, Vol. 2 (1969), pp. 269-295.

(7) Adolph Lowe, On Economic Knowledge, Harper & Row, Chapters 5 and 10.
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A Programming Model of Tanzania 1964-1974.

General Description:

The model to be presented here traces lineage to the programming
mode]s‘ofﬁManne,(1) and to the model by Chenery and Kretschmer for Southern
Ita]y.(z) It is addressed to the following proglem: given the objective of

“the economic development plan and the cbnstfainfs within which the de&eTobi
ment effort must work, find those activities which when operated at their .
appropriate levels would lead the economy to én optimum state in terms of
that stated objective in the final year of the plan.

In the model, skill constraints are operative. Skilled labor is
specified exogenously. The model is then used to trace out transformation
surfaces through parametric varigtion of strategic exdgenous and policy
variables, identifying, crucial macro-economic policy trade-offs.

The model exhibits the following broad structure: a linear objective
function is optimized subject to a set of linear constraints; since the
mode] is finite horizon, realistic behavior is forced onto the model
soiution. Since the objective in this study is to look at the training-
education-growth relationship the model is constructed to exhibit the effect

on the assumed welfare function of the operation of skill constraints.

(1) Alan S. Manne, "Key Sectors of the Mexican Economy, 1960-1970." Studies
in Process Analysis, Alan S. Manne and Harry M. Markow1tz (eds.),
John Wiley & Sons (1963) pp. 379-400 and
, "Key Sectors of the Mexican Economy, 1&526]972," The Theory and
Design of Economic Development, Irma Adelman and Erik Thorbecke (eds.),
Johns Hopkins Press (1966), pp. 263-286.

(2) Hollis B. Chenery and Kenneth S. Kretschmer, "Resource Allocation for
Economic Development," Econometrica, Vol. 24, No. 4, (Oct. 1956),
pp. 365-399.
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Exports are specified exogenously, but ifiports are considered endogenously.
The model is confined to a single period rather than being fully inter-
temporal. Strictly, then, consistency is obtained only in the final year
results, and nothing is said, in the model, of results for the intervening
years. Since the model addresses itself to a single target year, it is
hecessary to define appropriate stock-flow cénvérsion factors to idenf%fy B
the part of the total increment in capital stock between the beginning and-
terminal years that would fall in the terminal‘year itself. This endogenous
determination of demand for capital is used to avoid the so-called "edge
effects" common in finite horizon models where due to the fact that capital
is noi desired for itself but on]y for its contribution to the creation of
goods and services for consumption, there is a tendency for these models to
"eat up" capital tbwards the horizon.(B)
A feature of this model that was dictated by the circumstances
peculiar to Tanzanian exports is the explicit recognition on non-linearities
in export activities. Tanzania can export to its East African neighbors,
and can also export to territories overseas. Since there are realistic
Timits to export potential, the model is constructed to allocate exports,
within the 1imits of those export bounds. This does not appear an unreason-
able procedure since Tanzania is a primary produce exporter. A more
ambitious endogenous determination was not carried out due to the data
requirements on export elasticities.
e

Skill requirements are operative in the model, but only with respect

to high level manpower. Apart from making computations easier the

H(3)'See_Manne, 1963, op. cit.
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concentration on high level manpower appéE?S not to violate the condition
which is observed in a wide variéty of developing countries, namely the
abundance of unskilled labor. Unskilled labor is thus not regarded in the
model as a scarce resource, and consistent with the duality theorem of
mqthematica] programming, enters the mode] effective1y only with a zero
shadow-price. ’ )
0f some signjficance in this model is thg structural transformation
of the observed economy, since it is this aspect which will most 1ikely make
an important demand for skilled manpower and foreign exchange. As is clear
from the First Five Year Plan itself, the fastest rates of growth of all
sectors for both periods up to the end of-thé perspective plan are expected
from the processing and manufacturing sector.(4) The main thrust of the
model accordingly will be in those sub-sectors which comprise the pro-
cessing and manufacturing sector. In this regard, it is significant that
the Plan did not specify the beginning period levels of output or value
added for these sectors, while it did indicate both gross outputs and value
added for each of the sectors in manufacturing and processing for 1970.
Consumption is maximized subject to the constraints of the model.
The use of this type of‘objective function is meant to reflect the |
importance to developing countries of the need for raising standards of
11v1ng.(5) In the Tanzania case, great stress has been placed on the need

to increase the average 1ife-span of Tanzanian citi;iﬁi.

‘(4) Tanganyika, Five Year Plan..., Vol. 1, p. 10,

(5) See also Sukhamony Chakravarti, Capital and Development Planning,
M.I.T. Press (1969), Chapters 1 and 2.
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As already indicated, imports are treated endogenously. Domestic
production Teads to demand for labor, natu?a] resources and capital.
Essentially for each activity in the inter-industry matrix, there are input
flows to represent the demand for each productive resource coming from that

activity. These therefore comprise direct and indirect resource require-

ments needed in order to satisfy consumption deménd. The export activities"

also make demands on domestic production but contribute to the accumulation-

Al

of valuable foreign exchange resources. These foreign exchange resources,
which are either borrowed or earned through exports, support the demand for
capital goods, as well as the demand for skilled labor which cannot be
satisffed by local means competitive]y.

Significance of the model however is not to be found in any specific
optimal program, but in the schedules identifying different levels of some
specific goal variables given parametric variation in important policy
variab1es or availability of strategic factors. In this sense it is
possib]e to circumvent the thorny question of the exact nature of the wel-
fare function, and get meaningful policy results nonetheless.

Algebraic Formulation of Model

Notation:-—
The model to be presented involves a number of variables and para-

meters to be defined aslfol1ows:

Xi = domestic production of i3 i =1, 2, ..., n+ 1
i =n+ 1 = high-evel manpower
Mi = imports of i; i =1, 2, ..., n+
i =n+1=high level manpower
S
E. = exports of i3 i =1, 2, ..., 1

1. = in demand for investment for i; i =1, 2, ..

e
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in private consumption demand for i; i =1, 2, ..., n
z;cf ‘
population increase (absolute)
base period population
total foreign funds except export earnings
savings . ’
upper Timits to exports for i in near market; i =1, 2, ..., n
upper limits to exports for i in dist%ntvmarket; i=1,2, ..., n
exogenous specification of domestically available high level
manpower; i = n + 1
impofts of high level manpower for sector j; i =n + 1
relative change in popuiation (%*)
interindustry demand for i per unit of j
capital input of i per unit of j

labor input needed per unit of j

export price of commodity i to market (1), assumed equal to unity
export price of commodity i to market (2), assumed equal to unity
import price of commodity i to market, assumed equal to unity

% of capital of type i to be invested in the target year itself

. marginal savings rates

import investment co-efficient

base period consumption of i -

base period total consumption
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Equations of the Mode1:—(6) T

The variables of the model all refer to a certain condition expected
as of the target year of the plan over the base year values. No account is
therefore taken of balances in the intervening years, and the model there-
fore guarantees consistency strictly only jn the target year.

- i - p
(1) -¥%; + zjai My + By + T, +C5 <0

i3
i=(1,2, ...,n)

Equation (1) states that total commodity availabilities from pro-
duction and imports must be at least sufficient to satisfy government and
private.demands, exports and investment demands. No stock demand is in-
cluded as data on this is entire]y_non—existeht. This could be included
however by making stock demand a set proportion of output.

(2) -LM_i + Zj1ij j 57-1; i=n+1

The demand for high level manpower is constrained to be no greater

X

than the availability of that,kind of labor to be generated by production
exogenously specified, and imports. Equation (2) identifies the exogenous
specification of Xi‘ This equation, (2) assumes some significance in this
model since a pattern of variation of 7} will show the importance to the
welfare maximum of the availability of skilled labor. This issue is of
some importance, not only at the theoretical level, wpere it is concerned
with the availability of skilled labor which could be a bottleneck resource
despite large amounts of unskilled labor, but also aEkEbe practical level,
where questions of the localization of the skilled labor force is a

politically important issue.

(6) The constraints are written so that exogenous variables appear on
the RHS of the inequality signs.



--83-
(3) -I + sz1b1JXJ < 0, i=1,2, ...,n
Equation (3) states that the availability of capital goods must be
at least as great as the sum of total demand for investment purposes.

(4) -mi-+m1§d =0;i=1,2, ....n

11JJ

Equation (4) specifies imports into investment via the coefficient’
mii, an 1mport-inVestmént parameter,

(5) I~ z;1, =0;1=1,.2, ..., n

Equation (5) is definitional. ’ *

The co-efficient, d;, in (3) and (4) is included to force the model
to invest a portion of the total capital jnvestment for the five year
period, in the target year itself. Its inclusion follows the lead of

(7)

Manne and in this regard is made necessary in order to force realistic
behavior on finite-horizon models. It serves also to allow the model to
generate investment endogenously. As would be expected, the size of the co-
efficient, d%, depends on the length of the horizon, the lag in investment,
and the assumed rate of growth. It has been found to be rather stable
under realistic changes in the growth rate.(g)
(6) -C? + eic*i %: = c*.P (ei - ]),

Equation (6) expresses consumptiop of the i th good in terms of
initial consumption of that good, c*i, éxpenditure elasticity for that good,
€;s base period total cbpsumption, C* relative growth in population, P, and

total non-governmental consumption. The specification follows in broad

(7) Alan Manne, op. cit.
(8) 1hid,
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outline that of Sandee(g)'and also that of Bruno.(]o) As Bruno has stated,
the population growth parameter on the r{ght-hand side of (6) permits a
convenient parametric variation, useful for cases in which immigration is a
matter of some signicicance.(]]) The méde] was not run with this version
of the consumption equation however, but with the variants shown in
Chapter VI. o
(7) -MS +me.c? > 0 \

Equation (7) specifies imports into consumption via the consumption

import parameter, me; .«

(8) ¢; -xcf=o0
L
(9) E;(1) % (E; (1), E; (1))

(10) E; (2) 8 (E;(2), E;(2))
Equations (9) and (10) set upper and Tower limits to exports in both
markets.
i c _ A
(]]) M,i+M,i_M.i—O(1’-], 2, eve 3 n)

(12) -zmjXj - w,lM, - M, + M =031 =1,2, ..., n + 1
: i i

(9) Jan Sandee, A Demonstration Planning Model for India, Asia Publishing
House, 1960.

(10) Michael Bruno, "A Programming Model for Israe};™ The Theory and Design
of Economic Development, Adelman and Thorbecke (eds.), Johns Hopkins
Press 1966, pp. 327-354.

1) 1piq., p. 322.
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Equations {11) and (12) are the {Eﬁbrt demand equations, and state
that total imborts must be at least sufficient to support interindustry,
investment, and consumption demands. Equation (12) includes the cost of
import of high-level manpower and therefore states the condition of
aggregate import demands. . ‘
(13) E; - E(1) -E(2) =0 (i=1,2, ..., n)
Equation (13) states that total exports js the sum of exports to
markets (1) and (2), and is thus definitional.
(14) E -z E; =0 (i=1,2, ..., n)
. Equation (14) state; that total exports is the sum of individual
exports of the i commodities. |
(15) -E+M<F
Equation (15) states that imports are limited by the availability
of foreign funds and earnings generated by exports, a rather usual type
foreign exchange constraint.
(16) -+ (1-s)Y<¥ (1-5)-¢t
Equation (16) adds a saving constraint to the model, with the para-
' meter s identifying the marginal savings rate or s = St 