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I. InTRODUCTION

Recognition of the important contribution of education to eco-
nomic growth has heightened the interest of economists and eco-
nomic planners in the development of an ezoncmict.lly rational basis
for the allocation of resourses in the educational sector. A number
of recent models of the entire economy have explicitly incorporated
inpuis of labor of various skill or cduecational levels.! Ip addition,
cconomr:sts have directed their attention toward the educational
veetor itself and have attempted to develop methods which yield
economically rational patterns of resource allocation and enroll-
ceats within the educaticnal sysiem.?

The model described below is addressed to four major questions
concerning the efficiency of the educaticnal system as a producer of
educated labor, namely:

Editor’s note: An earlier version of this paper was awarded the Selma A.
Goldsmith Prize for the best economics seminar paper at Harvard University
in the year 1963-64.

* An earlier version of this paper was read at the joint meeting of the
Econometric Society and the American Economic Association in December
1965. I have benefited greatly from advice and ecriticism from my colleagues
and friends, especially Hollis B. Chenery, Hendrick Houthakker, and Arthur
MacEwan. 1 am grateful to James Huntsberger for compttational and other
assistance. The shortcomings remaining in the paper are, of course, my own
responsibility,

1. For, example, Michael Bruns, “Experiments with a Multi-Sectoral
Programming Mod;::l,” i Irma Adelman and E. Thorbecke, Theory and Desion
of Economic Development (Baltimore: Johns Hopkins Press, 1968), and
Bruno's article with the same title in Review of Economics and Statistics, forth-
coming. Also see the treatment of the labor inputs in the model of the Cam-
bridge Growth Project, as reported in Alan Brown, et al, “Output Man-
power and Industrial Skills in the United Kingdom,” in Organisation for
Economic Cooperation and Development, Study Group in the Economics of
gi%li‘csguon, The Residual Factor cnd Economic Growth (Paris, 1964), pp.

2. Sce Richard Stone, “A Model of the Educational System,” Minerva,
IIT (Winter 1065), 172-87. .
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1. What amount of socicty’s resources should be devoted to
education?

2. How should the total resource use be distributed among
various types of education?

3. What educational technologies should be chosen?

4. Whut is the optimal level and coinposition of the iinportation
of lahor for usc within the educational systen?

This model differs from most existing approaches to educational
planning in the following ways:

L. 1t is bascd on the principle of constrained maximization and
involves the explicit consideration of both the costs and benefits of
various edueational programs.

2. Use of the model ailows the simultancous computation of
optimal enrollment levels in each type of edueation, an optimal pat-
tern of importation (or cxportation) of cducated labor, and the
choice of efficient educational technologies,

3. The model is based on the assumption that cach category of
cducated labor is highly substitutable both vis & vis other 'ypes of
labor und vis & vis capital. In this respeet the model differs signifi-
cantly f=am most other planning approaches, which assume that the
production functions in the ceonomy are characterized by fixed in-
put cocflicients for labor elassified by occupational group or educa-
tional level.

4. It deals directly with labor classified by educaticnal level.3
This feature of the model avoids the problem of transiating demands
for labor classified by occupational group into demards icr the out-
puts of spccifie educational levels 4

Although this paper is devoted primarily to a discssion of the
model, a number of observations on its application to Northern
Nigeria wil! he made.® Section 11 of this paper contains -, brief out-
line of the model and a sketeh of the structure of the educational
system of Northern Nigeria. Sections 111 and IV present the objec-
tive function snd the constraint equations, respectively, along with

3. In this respect it is similar to the mode] presented by Jan Tinbergen

and Hector Correa. “Quantitative Adaptation of Education to Accelerated
Grc:lwllh,” Kyllos, XV (1962) and the more recent versions of the original
model. .

4. The conversion of occupational into oducational classifications ig
generally accomplished on the basis of the concept, of an educational “require-
ment” (or a distribution of “requirements”) for the average performance of

each occupation. Cf. Richard S. Eckaus, “Economic Criteria for Education
964 )

and Training,” Review of Economics and Statistics, XLVI (May 1964).

.. 9. A detailed description of the model and its application to Northern
Nigeria has been presented in Samuel Bowles, “The Efficient Allocation of
tesources in Education: A Plapning Mode! with Applications to Northern
Nigeria,” unpublished Ph.D. thesis, Harvard University, 1965.
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some related data. Sections V through VIII contain a discussion of
the application of the model to actual policy problems.

Some of the more important results based on the operation of
the model with Nigeria data may be summarized as follows:

1. The cducation: | scctor has an extremely strong claim on eco-
nomic resources.

2. Efficient allocation of rescurces within the educational system
requires a rapid expansion of primary cducation and a reduction in
enrollments in technical and sccondary schools.

3. The introduction of new educational technologies allows for
uiajor increases in the cfficienc of the system.

4. The productivity of foreigners imported to teach in {}: : system
is very high at the present levels of importation.

The cptimal enrollraents in various types of schools based on
solutions of this model appear to differ considerably from Nigeriax
cducational plans based on the manpower requirements spproach.

II. AN OuTLINE 07 THE MODEL

We seek to maximize a weighted function of enroilments in
various types of educational institutions over time, subject to con-
straints based on an educational production technoiogy and given
resource avallabilities. The constraint equations define what can be
called an intertemporal production possibility set for the educational
system. The objective function is une cowtribution of the educationa!
system to future national income, measured by the increment, in
discounted lifetime earnings attributable to additional years of
education.

The ecducational system is represented in this mode! as an
aggregation of production activities. In the application of the model
to Northern Nigeria, the educational activities included primary
education, secondary educatisn, higher ¢ lucation, various types of
teacher training, and technical and vocational education.® Each of
thees processe~ used a variety of inputs (both human and other-
wise) to transform raw materials (the uneducated) or intermediate
goods (continuing students) into a producer’s good.” Relationships
between educ:tional activities are presented as a system of inter-
temporal flows of students and teachers, The output of a given
educationsl ins*itution can be allocated to one of three tasks:

1. continuation ¢f his education at g higher level,

6. CI. below, Table I.
7. The system concurrently prodices 3 consumer's Zood, “education.”
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2. employment as a teacher at a lower level, and

3. employment in the labor force outside the clucational sys-
tem.® :

The structure of flows of teachers and swdents within the
educational system is best deseribed in the y-ual input-cutput for-
mat, as in Table I, which presents the intra~cducational flows among
the nine major types of formal edueation in Northern Nigeria.?

The coustraints relate to the use by the eduecationa] system of
inputs supphvd from outside the educational systemn, (eq., ex-
penditure on education, total population in the school-guing age
group). 2s weil us endogenously produced inputs (teachers of various
types, student outputs from one educationy] process who appear as
inputs into hicher cducational processes). In addition, boundary
conditions limit. the policy instruments to valyes which are judged
to be politically and administratively feasible.

The method deseribed here is a scetoral model of the educa-
tional system. Production processes in the rest of the cconony are
not included explieitly. Thus the demand functions for the outputs
of the educational system and the supply functions for the exogen-
ously supplied educational inputs are specified prior to the operation
of the model.

The instrument variables in the model include enrellments and
resource usc at the various educationa) levels, and additional instru-
ments which require discontinuoys or institutional changes. Ex-
amples of the latter are choices involving new cducational tech-
nologies (c.g., increased use of audio-visual equipment) or changes
in the structure of the system (e.g., extending university education
to a four yvear course). The instrument, variables have been defined
$0 as to correspond to the actual policy instruments available to
most governments. In additien to the instrument variables relating
to the production of specific types of cducation, the system is
allowed to import a number of types of educated laber, and to send
students abroad for their education. Thus for some types of labor,
the system is presented with a three-way choice: the production of
labor with a given leve] of educational attainment either within the
country or in foreign educationa] institutions, or the importation of

8. Some of the outputs will either not seek employment, or will for some
period of time be involuntarily unemployed. .

9. Note that the table has been arranged so that all of the flows of stu-
dents (intermediate goods) lie above the diagonal, while flows of teachers
(capital goods) lie below the diagonal.

Lack of data prevented the inclusion of various educationa] activitieg
géxt.s'xdg of the formal edurational system, eg., on-the-job training and agult

ucation.

TABLE 1
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foreign labor possessing the cducational attainments in question. Ad-
ditional activities allow the system to reeruit back into the educa-
tional sector personnel traincd as teachers but who are presently
working in nonteaching positions.

The model encompasses a number of time periods, so as to
allow consideration of the intcrtomporql relationships within the
educationg] system. Edueational decisinns involving enrollments,
resouree usc, and hiring of staff arc gencrall y incorporated in annual
budgets or sim'{ar ducuments, and are made prior to the beginning
of-the school ydar tobe implemented in the course of the year. It is
thus appropriate to seleet the year as the time unit used in the
model,

In actuai application the model shoyld probably be operated on
a year-by-ycar sequential basis. If the planning period is n years,
the model can be operated in year O (the base year) and the results
fortheyears1 ... n computed. Only the enrollments and resource
allocation for the year 1 must be acted on at that time, so that at
the end of year 1 the model can be operated once more, incorporating
new information on either the production processes or the present
values of the educational output. The results for years2 . . . n +1
can then be calculated, the values of the instrument variables for
year 2 acted upon, and the process continued.!

Solutions of the model yield optimal values of the instrument
variables in each vear of the planning period, namely:

1. a time pattern of enrollments and resource use in each type
of education;

2. levels of recruitment of new inputs (e.g., foreign teachers
and domestie cx-teachers) to the systemn;

3. an cfficient choice of educational techniques including such
choices as foreign as coposed to domestic university study. The
solutions also generate shadow prices for resources used in the
production of education.

~ While the values of the instrument variables for any given
solution are intercsting in themselves, results to be gained through
parametricaily programming some of the crucial elements in the
model are probably more useful from the standpoint of policy-
making. The model not only allows us to explore the production pos-

1. Operation of the model in this manner is probably a good reflection
of the actual policy-making process, which vroceeds from year to year rather

an on & once-for-all basia for an entire n-year period. In addition it allows
the efficient use of new data. A further advantage is that it avoids the Deces-
sity of acting on the values of the instrument variables in the later years in
the planning period, which are presumebly sensitive to the somewhat arbitrary
terminal conditions.
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sibility set for the educational system, but also to measure the trade-
off between the availability of particular inputs, on the one hand, and
the values of the instrument, variables, the objective function, and
the shadow prices on the other.

III. THe OmsecTIVE Fux~ctioxn

The objective function used in this model represents the net
economic benefits associated with the educational activities, namely,
the present value of the econcmic bencfits associated with the out-
put of all levels of the educational systcm over a number of years
minus the present value of the associated costs.

As the social welfare function presumably contains many
componcnts which have some functional relation to education, it
is useful to distinguish between those educational benefits which
operate via the income or income-related terms of the welfare fune-
tion, and those which operate on other components.

We will call the former “economic” and the latter “noncco-
nomic,” although any dichotomous distinetion of this type is bound
to be somewhat arbitrary. This classification excludes from the
category of “economic” benefits those consequences of education
generally called “consumption benefits,” nawmely those which accrue
to the student in the form of pleasure in studying or later in being an
educated man and having access to the style of life open to those
with education.

Any consequence of the educational system’s output which
results in an increase in the value of present or future national in-
come is thus defined as an economic benefit of education. If we con-
fine attention to the level of income rather than its distribution the
maximization of net economic benefits corresponds to the maximiza-
tion of the contribution of the educational system <o the future
(discounted) national income.?

Ideally, we would like to measure the economic benefits by the
increase in an inrdividual’s social marginal productivity resulting

choices facing a society. An alternative approach, based on a simple hypothet-
ical planner’s preference function has been used in the application of a simijlar

model (Samuel Bowles, “A Planning Model for the Efficient Resources in
ucation ” Mav 10R2 wiomaa—. P N
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from his education. The social marginal productivity of an educa-
tional output can be described as the total effect on future national
income attributable to the individual's education, taking into ac-
count his dircct contribution to output, as well as any cxternal
effects which may exist.3 In the application of this model to the
educational planning problems of Northern Nigeria, carnings were
used as an estimate of the marginal productivity of-cach category
of Iabor. While this measure is subjeet to a number of objections,
it was thought to bhe a rough indication of the private marginal
productivity of the worker.

It view of the fact that each educational output has a working
life extending over a number of time periods, future increases in
labor productivity gencrated by the cducational system are dis-
counted at an appropriate rate of time preference.

The direct social costs assoeiated with each activity are the
present value of the annual per student costs summed over the
duration of the educational course. The cost of onc student, vear is
the sum of the required inputs valued at their opportunity cost, that
is, their social marginal productivity in their next hest use, or at.
their social marginal cost.# The cost of education to the educational
institution is not the relevant cost figure, as it includes items of
private as well as social cost, such as feecing the students and per-
haps housing and clothing them. services which if not undertaken at
the school weuld have to be undertaken in the home.5

The indircet cost element rclates to the withdrawal of students
from the labor foree {or their retention in the educational system)
for the continuation of the education. Students’ time ghould be
valued at its opportunity cest, namely, the social marginal pro-
ductivity of the student if he were on the labor market. Measure-

3. O the external effects see Burton Weisbrod, The Ezternal Benefits of

Public Education, an Economic Analysiz (Princeton: Princeton University
Industrial Relzations Section, 1964). .
. 4. While rthe relevant cost concept is marginal rather ihan average cost,
In most edueational activities studied in Nigeria there w.ere good grounds for
assuming that the two quantities coincided. The expansion v i primary educa-
tion, for example, requires a nearly proportional duplication oi the existine
pracesees through the addition of praduction units (schools) of the same scale
and input structure as those prasently existing. In the field of university
education. however, there are significant indivisibilities and fixed costs, and
consequently & major divergence between average and marginal costs. In the
cese of university education it was judged likely that additional enrollments
would be accommodated in existing institutions with less than proportiona)
chanyes in existing plant and equipment. In these cases marginal costs (over
the relevant range) were estimated and used in the operation of the model.

5. Naturally, if the marginul cost of these services when provided by the

school differs from their marginal cost when provided at home, the difference
(positive or regative) should be attributed to education.
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ment of the social marginal productivity of the student must include
consideration of his prospects for being employed were he to leave
school. ,

The net benefits cocflicient associated with each activity is the
present value of the estimated stream of lifetime earnings corre-
sponding to the type of labor produced, (Y,), minus the present
value of the foregone stream of lifetime earnings corresponding to
the type of labor used as a student input into the production
process, (Yy), and iminus also the present value of the direct costs,
(C;). Thus net benefits for education j are
(3.1) Z, = Y; nd Y,- - Cj
and, using the p superscript to indicate the year of the planning
period in which a student is admitted to the given level j, we may
define the ubjcetive funetion as
(32) Z® =X I Z2*,Xp.

»
The carninf;s data were based on a sample survey of employ-

TABLE IT
Tne Present VALve or THE Ner BENEFITS
Associatep Wira Various EcucaTIONAL ACTIVITIES IN 1964?
(adjusted for wastage, failures, labor force perticipation and unemployment)

Retio of
Preseat Present Present Presant
Present  Value of Increment Value of Value Velues of
Value of Lifetime in Present Direct of Net Increment in
Lifetime Eamings Value of Sicial Benefits Eamings to
Eax}:mgs Foregone* Eamings Cguu (3-3-5) Direct Costs?®
. ) iy Z

ACTIVITY ] ] (2)-(3 ] ] 4)/(5)
) 1) Q) W 6] ®) n
Primary School 1659 611 1048 62 988 16.9
Secondary School 4592 2910 1682 476 1206 35
Technical ‘[raining
School 4337 2713 1624 785 838 21
Form VI 7460 7356 104 328 —222 03

University Studies 20559 9130 11429 1350 10079 85
University Studies
Abrosad 20559 9130 11429 1730 9699 6.6

Soturce: Sce text. The hasic dzta avs rrperied in Samuel Bowles, ‘“The EScieat Alloca-
ticn of Resources in Education,” op. ~it., Cegs. 8 and 6.

Note: All firures are in pounde and are based on & 3 per cent discount rate.

1. Net benefits coefficients for activities making no direct deliveries to the !labor marlet
(i.e., creft schoo!, which serves as a fesder for technical triizing school plus the three types
of teacher training) do not appear in this table, The demand icr the outputs of these zc-
tivisics is derived endogenously from the samissions levels in tke opiimal solution. The
objertive function encificients for these aclivities are bered cn the direct, costs plus eami
foregone during the process of education. The net benefits coefficients iz this tuble refer o y
to activities in the hase year, 1964

., 3. The present volue of income foregone is the discounted lifetine cmiuings of en indi-
vidua! who erters the labor force with the prerequisites for admission to ievel j. TRus the
alternative earn‘nzs stream from Form VI is the stream accruing to those who had passed the
West African 3chool Certificate, not ths compoaite sacondary school stream adjusted for
failures, dropouts, etc.

3. The rativs in Column 7 are not used in the operation of the model. They are pre-
scated betw mercly for refercnce.
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lent in private firmns in Northern Nigeria in 1965. Costs were
estimated on the basis of school by schuol financial records with
expenditures groupe:d in a number of functional categories. Stan-
dard architectural plans and associated cost data were used to
estimate the annual capital costs. The resulting net benefits co-
eflicients and some of the underlying data are pregented in Table II.

IV. Tug CoNSTRAINTS

The eduecation production technology is represented by a set of
fixed input cocffcients production functions. The choice of educa-
tional production functions embodying fixed input cocflicients is
justified on the grounds that while a considerable amount of input
substitution may in fact be possible from a pedagogical standpoint,
many cducational administrators apnear to believe that at any given
time the appropriate teacher-student ratios ang other input co-
efficients are roughly fixed, and insist on 4 common educational
process in all schools of the same type.9

For any level of cducation, j, in period P the production func-
tion can be written:

' ) 1=1, m+
(1.1) X = 1'11in Xy t=p ... p+(.1s,
1, ¢ E foralljandp, i=1l...m
P=1...n

where:

XP; = the number of students admitted at leve) J in period p

X% = the amount of input 7 devoied to activity j in
period ¢

@'y = the minimum amount of input ¢ required to accome-
modate one student ip activity j in year ¢7

o : .
M = tic number of types of educaiion considered in the
muode]

n = the number of years in the planning period

q = the number of factors supplied from outside the
educational system

8; = the duration of course Jin years,
Equation 4.1 states that admissions, X7 4> cannot exceed the valye of

the smallest ratio of total inpu Xt .
- puts ( )} to the relev "
efficient (a%y). Yy evant input co

]

8. The arailable school-by-school data on teacher student ratios> and

6ther input coefficients for No igeri ibi i
persion sround e cote f va]uerthem Nigerin exhibit a remarkably smal] dig.

. Many of the a‘y; coefficients are zero.

ALLOCATION OF RESOURCES IN EDUCATION 199

The a’y cucflicients referring to inputs produced by the educa-
tion system itself represent tescher student ratios for each of the
types of teachers used in the model and student input ratios. The
latter refer to the minimum number of leavers from level 1 required
to admit one student to level Jin time t. If level 7 is the “fecder” for
level j then the relevant input cocfficient is one.® The a‘y co-
efficients for inputs supplied from outside the system represent the
marginal per student resource requirements.

Outputs appear in the system of constraint cquations as nega-
tive inputs, and are computed on the busis of the total original stu-
dent input multiplied by the fraction of the original studernts who
can be expected to fall into each output category, namely, dropcuts,
fuilures, and succecssful leavers.

The matrix of aty’s, along with the output coeficients, is an
intertemporal Input-output system representing the intra-educational
flow of teachers and continuing students along with the inputs of
exogenous (primary) factors. It closely resembles an intertemporal
input-output system for an entire economy with the major exception
that the educational production processcs are extremely time-con-
suming, some requiring as much as seven years between original
input of a student and the eventual output of a graduate from that
activity,

The input coefficients relating to Northern Nigeria were esti-
mated on the basis of historical and present data on teacher student
ratios (for a number of different types of teachers) and other input
data. Time scrics of teacher student ratios were used as the basis
for the projection of future changes in the teacher input cocfficients.
In most cascs the movement of the coefficients indicates a significant
improvement in the quality of the teaching staff, namely, a substitu-
tion over time of relatively well trained for less well trained teachers.
An illustration of this process of technological change can be seen in
Figure I, which presents the estimated values of the primary school
teacher input coefficients over the years 1964 to 1971.

The resource constraints relate to three types of use:

1. use of inputs generated by the educational system itself
which are defined in stock terms (i.e., teachers) ;

2. use of the endogenously generated inputs which are defined
as flows (i.e., continuing students) ;

8. In one case (Northern Secondary Teachers College) the student inputs
are of two different types, secondary school-leavers and Grade II teachers.
In this case the student input coefficients relating to these types of students
have been set at fractional values representing the student input structure of
this particular institution.
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Teachers per Student
(al))
02000,

.o1800}.

.oteccl ~—— Total Trained Teschers per Student

.01402

.01200L
~— Grade III Teachers per Student

Grade II Teachers per Student \

00200},

1 1 A ] i '}
1957 1939 1961 1963 1965 1967 1969 1971

Notes :
Values for 1957-64 are actual,
Values for 1965-71 are projected.

Grade II1 and Grade II teachers have cuinpleted 3 d 8§y -pri i
respectively. P un yeurs of post primary cducation

Historical and Projected Technologieal Change in the Production
of Primary Education

Ficure I

3. use of inputs supplied from outside of the educational system.
Considering the two types of constraints relating to resources
produced by the educational system, recall that there are three
possible uses for the output of any activity: pursuit of further
education in the system, employment as a teacher in the system, or
cmployment in the labor force outside of the educational] system.

use for capacity creation, and deliveries for final demand. The total
requirements within the educational system for labor of a given type
thus depends on the levels of the activitics whieh wse it as a student,
input, and the required capacity creation in the activities which yge
it as a teacher. The total availability of individuals with each
qualification is given by the numbers surviving from the bage
period plus the amount produced within the system or recruited from
outside the system.® The constraint equations iizre that the amount

9. We have assumed that while teachers can be recruited or imported
from outside the system, continuing students must be produced endogenously.
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of teachers and continuing students required by a solution does not
exceed the numiber available.

The constraiuts on the use of exogenously supp'ed resources
refe: to such inputs as primary school age population and total
soeial expenditure on cducation, and require that the total use of
each resource not exceed the exogenously specified supply.

In addition to the resource constraints, boundary conditions are
imposed on the instrument variables. The main considerations here
were the political difficulties involved in any drastic reductions in
enrollments, and the administrative obstacles to any very rapid in-
crease.r The complete set of equations and a glossary of notation
appear in the appendix,

Thus far we have made the usual linear programming assump-
tion that inputs are available at constant cost up to some level
beyond which they are not available at any price. An attempt has
been made to modify this somewhat extreme requirement by con-
structing supply functions which reflect the rising supply price of the
factor. The supply functions for two types of teachers, each of
which may be hired locally or imported, are depicted in Figure I1.
The verticzl distance between the first and second segment of each
function is the cost of lmporting the teacher, namely, transport and
other payments additional to the salary. The step is built into the
function by allowing the system to use a new activity which im-
ports the teacher at the indicated cost.? Similarly, in some runs
activities allowing the recruitment of ex-teachers back into the school
system have been introduced. These activitics are operated at a
cost based on the foregone productivity of the tcacher in his nop-
teaching occupation; the output is the availability of additional
teachers within the educational system. The introduction of these
activities for the recruitment of grade II and grade III teachers
(used largely in primary school) has the effect of adding a step to
the present supply functions and thus reflecting the rising supply
price of these inputs.

For those years immediately preceding the end of the plan
period, terminal conditions must be developed 50 that some allowance
will be made for intra-educationa] demand for educational outputs
during the years immediately following the end of the vian period.
Were this not done the system would undertake what may be called
capital consumption; it wouid cease producing teachers and sty-

1. In the Nigerian application of the model admissions in 8Dy year were
restricted to a value between 1.3 and -7 of the previous year's admissions,

2. The cost of using the teacher (salary) is charged directly to the us'ng
activity.
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N.C.E. Teachers (domestic model will be discussed below; ¢ emphasis will be directed to the
plus foreign supply)

s“pp'ydpfi“ Graduote Teachers (domestic ! support post terminal rates of growth similar to those established
(pounds) plus foreign supply) ! ' during the planning period.+
1995 | i T :
! |
: l V. TuHE PATTERN oF ENROLLMENTS AND RESOURCE Use
| : WitHiN THE EbucaTioxaL Skctor
! . .
1473 | i I Ouly a small portion of the body of results generated with the
|
|
|

i,

!

! types of insights into concrete policy problems which can be gained
Graduate : with the aid of this approach to educational planring.

|

I

!

1200
Teochars Before considering the actual solutions, it should be pointed
(":'“”"“)’ out that the production side of the model alone is sufficient to

ueply generate alternative patterns of enrollments which are both inter-

730 WETu-thcrl nally consistent and which do not violate the exogenously specified
(&o}nc'nic supply) ' resource constraints, Moreover, the inverse of the matrix of input

and output cocfficients is a convenient summary of the available
educational technologies, and allows the computation of the direct
and indirect input requirements for a unit of final delivery of each
type of labor to the labor force. Thus we can solve a number of
planning problems without reference to the discounted future earn-

% 1:3 3%5 44;3 ings stream attributable to education. The objective function pro-
Number of Teachers vides one (but not by any means the only) method of selecting a
Notes: ) desirable solution from the multitude of feasible solutions,

* T:'.:nlf.'-','?hfs;ﬁf.rtyh'Lxﬁsmoz'nffr'"fﬂ'&.ﬁf»nffih The Gfereeets, the ron the Tray " Jomestic This section will present some of the results concerning enroll-
o, 3 1% e €0 ol hnpurtation ol “ihe” warlir Giravel costs, saarge on ments in the various types of schools. The following three sections
lffée.ff,&'f;}.'ﬂnf"nr‘.l,}f on nportatan ined by the wailable domestic supply and will deal with the choice of techniques, the optimal total resource
e s T Y e S.CE, v g use by the cducational system, and the pattern of importation of

Suppiy Functious for Graduate Teachers and Nigerian Certificate of educated labor.

Education (N.CE) Teachers in 1965 Solutions to the model yield values for each of the instrument
Ficuxe II variables relating to the admission of students to each type of

school in each year of the planning period. We shall confine our
‘attention here to primary education and related activities.

|
!

dents for puisuit of ‘further studics in the Jast few years of the

period. A number of methods of dealing with the teriinal conditions The present Northern Nigerian educational plane call for B very
is available.? The method adopted here is to insure that for teacher gradual increase in primary school enrollments accompanied by
training or the production of continuing students the activity levels 4. The choice of terminal conditions is somewhat arbitrary. It should
Immediately prior to the end of the plan period will be sufficient to be pointed out, however, that while the values of the instrument variables
for the Inst few years in ‘the planning period may be sensitive to the choice,

3. T ibl h idered b ed. Tirs . the relevant years are those on which Immediate action must be taken. The
have required n minimom tommsal s ore Pt Bt e Cach e sapipe Tor taking anpacation of the model suggested in pion I1 obviates the need
of supporting some desired (exogenously specified) rate of Post termipal enroli- ’ i :r%l;itt)adlfmg setion on any but the first, or the firat aad year of the plan

ments. A second possibility would have been to value the terminal year stock Wel i 3
. of teac}):ers Elpr]esumab‘ly using sha.d.owrpricc_a from previous rur}xs in an iterative alt.crnsz;tiv: ;&gj‘r’g;ﬁloot?s :zﬁlct;?nnfngof)otl?c; ﬁ%ﬂol%ge e.g?:le 2!:: %ﬁt};‘:ﬁegm
process), and then to maximize rome unction incorporuting the present maxi- f escripti ’ esul : pear
Q0 mand and the value of the terminal year stock of teackers. eﬁcﬁﬁgﬁi ted lzbor. A more complete d pt.xon.of the results will ap
~
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gradual increases in the associated teacher training institutions, as
indicated in Figure 1115 The model, using much of the same data,
vields u rudically different pattern of growth, shown algo in Figure
II17 The rupid rate of growth of primury education over the entire
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TNotied lines icdicate admissions levels specified by the model.
Solid hnrs indicate ndmissions levels in current Northem Nigerian plans,

Primary School and Teacher Training Admissions 1964-1971
Figure IIT

.6. Given the planned upgrading of the primary schoo! teaching staffs, the
admissions levels in current government plans (Figure III) are inconsistent
The demands for grade I and grade III teachers derived from the planned pri-
mary school admission in the early years of the plan appear to be considerably
In excess of current availabilities ‘)lus planned outputs. Only a major program
of recruitment of ex-teachers could render the existing plans feasible.

7. The planned admissions figures represent the outcome of g compre-
hensive planning process which took into accovut a number of noneconomic

aspecta of the problem not considered in this model. Thus the figures are not
strictly comparable.
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eight year period reflects the high ratio of net benefits to both social
cost per student and inputs of teachers in the primary school ac-
tivity. More explicitly one can say that the strong claim on re-
sources exerted by primary edueation is due to a great extent to the
low opportunity cost of its major inputs; the opportunity cost of stu-
dent time is zero and the opportunity cost of grade II and grade IIT
teachers in the cconomy is minute compared with the opportunity
cost of university graduates, who form the bulk of teaching staffs at
the post-primary institutions. ’

The initial decline in primary school admissions indicated in
Figure III is explained largely by the required upgrading of the pri-
mary schodl teaching staffs and the rather complicated interrelations
between primary schools and teacher training. We have found that
there are a number of activities within the educational system which
arc particularly closely intertwined, and that the reciprocal and even
multilateral trading of continuing students and teachers often re-
sults in a somewhat unexpected pattern of optimal educational
growth. The connection between primary education and the two
major types of primary school teacher training (grade II and grade
IIT) is a good cxample of this problem® Primary school-leavers
are an input into grade III teacher training courses (see Table I).
The outputs of the grade III course are delivered back to the primary
school as teachers, or to the grade II training course for further
training. Those who successfully complete the grade II course serve
as teachers in the primary schools or as student inputs into the
higher teacher training institutions (N 8.T.C.). Thus, while it is not
exactly true that everything depends on everything clse (this par-
ticular whirlpool of interdependence appears to be relatively self-
contained), each activity level depends on a number of others, often
in a rather complicated way.

Recall that as part of the program of quality improvement in
primary school teaching the relatively well trained grade II teachers
are being substituted for untrained and grade 1II teachers. The
upward movement of the grade II teacher input coefficient over
time requires that in addition to training teachers to accommodate
the increment in total enrollments, the grade II teacher course must
train a sufficient number to effect an increase in the grade II teacher
coefficient, not only for the increment in enrollments but for the
entire stock of primary students currently in the process of being
educated. T ' ' '

8. Grade III teachers have three years of post-primary education and
are the lowest category of trained teachers in the primary schools. Grade II
teachers have a total of five years of post-primarv trainino
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The educational system is given the choice of four alternative
methods of acquiring the necessary grade II teachers:

1. admit primary school-leavers into the (three year) grade I17
course and admit those who successfully complete the course to the
grade 1I course;

2. withdraw grade 171 teachers from tecaching in primary school
and admit them to the grade II course;

3. recruit ex-grade II1 teachers from the nonteaching labor

foree, and admit them to the grade II course; and

4. recruit ex-grade II teachers from the nonteaching labor force,

Admicsiong
(X7 2-3%%
230 ’-

30

: 2 2 2 N ;
1964 1965 1966 1967  19¢ea 1963 1970 s
Notes:

g refers to the basic Tun precented in Figure III.

feiers to A runm in which th i i i i
schoot eral c; €re 13 no upgrading in the qualifications of

C rel’;r:uto':. rnt:; in w}:z!“ g:e_x-ecruitmeft of ex-teacherz from the nont

Primary School Admissions with Various Policy Assumpticns
Figure IV
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All four methods are used. However, it is the withdrawal of
grade TTI teachers from primary school for further trairing which
is largely responsible for the carly fall in primary school admissions.
The process is analogous to a temporary cutback of production to
allow retooling of the existing capital stock, followed by a rapid ex-
pansion with a new technology. Were the system restricted to
channeling school-leavers through the usual grade ITT and grade 11
sequence, a total of five years would elapse before an increased
volume of grade II output could be made available to the primary
sehools. In this case either admissions would have to be significantly
reduced, or the upgrading of the primary school teaching staff waould
have to he postponed, or both. A nuinber of runs in which recruiting
ex-teachers from the nonteaching labor forece was not allowed re-
sulted in a much more pronounced and more prolonged reduction in
primary school admissions. On the other hand, a run incorporating
no temporal change in the teacher/student ratio (no upgrading of
the primary school staffs) resulted in a monotonically increasing ad-
missions level for primary education (sce Figure IV).

V1. Tue CHoicE oF EbucatioNnat TECHNIQUES

Many of the policy decisions facing planners in the feld of
education concern changes in educational technelogies. In this sec-
tion we shall explore the economic implications of a number of
technological changes in primary education.

The Ministry of Education in Northern Nigeria has recently
given consideration to a proposal which would reduce the number
of years in the primary school course. The proposal for a shorter
course offers the same number of classroom hours as are presently
offered over the seven year course. This is possible because of the
relatively short school year in the present system. The optimality
of a eimilar proposal has been considered with the model. Primary
school activities of five years duration have been introduced. The
annual costs are somewhat higher (to allow for the opportunity cost
of withdrawing the teaching staff from possible vacation time em-
ployment) but given the reduction of the course from seven to five
years, the tota! discounted cost is not increased. The teacher/student
ratios are unchanged, except that the elimination of the sixth and

. seventh year obviously releases a significant portion of the teaching

staff. Once the system is in operation, overall teacher requirements
are reduced to five-sevenths of the previous level.® In addition, the

9. If one took account of the effect of wastage on the teacher/student
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availability of the primary school out Put two years earlier increases
the present value of the benefits stream.

The effect of the introduction of the new primary sehool course
can now be outlined. The optimal primary school admissions levels
are significantly increased..Morcm'c_r, the net benefits generated by
the optimal solution are more than 10 per cent higher at the present
level of expenditure on education (see Figure VI). Despite the in-
crease in primary school admissions, the teacher training activities
are run at virtually the same levels as in the solution with the
seven year primary school course, Both the increase in total net
benefits and the increase in optimul primary school admissions can
be explained by:

1. the reduction in overall teacher requirements which, among
other things. facilitates the “retooling” process; and

2. the increase in the present value of net henefits per student.

A nuniber of other runs have tested the implications of the fol-
lowing types of structural or technological change in the production
of education; all resulted in significant. increases in the value of the
ubjective funetion: .

1. &n increase in the university course from three to four years,
accompanied by the elimination of the present Sixth Form, the two
year university preparatory course;

2. changes in the failure rates in various teacher training ac-
tivities;

3. a less rapid quality improvement in the teaching staffs in
primary schools;

4. various changes in the productive techniques at the primary
school leve].

A particularly interesting experiment under the last heading was
to allow the model to substitute equipment (texts and audio-visua]
materials) for the lowest grade of teachers in primary school (grade
I1I), and to allow some substitutability between different types of
teachers in the production of primary education. Using constant
marginal rates of substitution between grade II and grade III
teachers and between grade IIT teachers and <auipmert, over g
limited range, an optimum pattern of enrollments and substitution
was generated. Some factor substitution was optimal in gl years
of the planning period.

rntios: the reduction in overall re?uircment.s would be eomewhat less. Tt should
b_e pointed out that the mpact o _the change is not felt in the mode] unti] the
sixth year of the plan, “because it is assumed that primary schoo] students

already in school at the beginning of the plan wil! remain for the usual seven
years,

3
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VII. Ortiman ToraL Resovrce Use By Ebucarioxn

We turn now to the question of the total resource use by the
educational system. We lave two related types of measures of the
opuimality of the division of resources between education and the
rest of the economy: . _

1. the amount of additional resources recruited into the educa-
tional system in the optimal solution and

2. the shadow prices of resources. N

The activities which recruit new factors {c.g., recruumg' ex-
teachers back into the educativnal systemn) will be run at positive
levels whenever the indirect effect of an additional unit of resource
on the discounted value of future GNP is greater than the estimate
of the resource’s unit cost.!

In all solutions of the model it has been optimal to augment the
existing factor supplies with recruits both from the Nigerian labor
force outside of education, and from abroad. Thus, for example, the
high level of recruitment of grade IIT teachers reflects the fucf thay
the marginal productivity (in terms of discounted f'uture GNP). of
grade III teachers when used in the production of primary education
Is considerably higher than the direct productivity of tylese person-
nel when employed in the rest of the economy. The high levels of
Importation of foreign teachers indicate that' during most years of
the planning period the value of the marginal product of these
teachers within the Nigerian educational system exceeded the rather
substantial importation costs. .

The shadow prices of each resource provide some indication of
the optimal total resource use by the educational system. If the
shadow price of the resource within the educational system, measur-
ing the direct and indirect contribution of & unit of the resource to
discounted future GNP exceeds the marginal productivity of the

- Tesource in its next best use, then we can conclude that the allocation

of more of thea resource in qizestion to the educational system would
increase the present value of future GIVP.

i i 3 2 i iti d othar

1. The unit cost of impoited tez.chers is the additional ealary an
associated costs; the unit cost of additional factors recruited from other sac-
tors in the economy is the factor’s marginal productivity in its alternative use.

Whare z is a row vector of the objeciive Tunction coefficients, B the basis
of included activities, a. the vector representing the recruiting activity, a.nd
¢ the estimated opportunity cost of recruitment, the simplex c_ntfenox; insu; e
that the recruiting activity will be run at positive levels whenever:

6r=2B g, i . . L

The term on thc.ﬁzht-hund side of the mmequality is the direct and indirect
effect of the availshility of an additional unit of the resource on the objective
funeciion,
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Total resource use in the model is measured in money terms and
referred to as total social expenditure on education. This quantity
includes the direct social costs of cdueation along with the oppor-
tunity costs of students’ time incurred during the prucess of educa-
tion. In all solutions of the model the shadow price referring to
tota] social expenditure on education is high relative to any plausible
cstimate of “he marginal productivity of resources in alternative
uses. A first glunce one would conclude that a major increase in
the availahilities of resources for the educational system is called
for. However, the skeptie and the planner may wish to Investigate
how the shadow priee is affeeted by changes in the availability of
resources to the system.

Puarameiric programming has been used to cstimate the marginal
productivity funetion for expenditures on education, The element
in the constraint veetor referring to the maximum total expenditure

Shadow Price of Total
Socicl Expenditure (pounds)

12 1 1 2
60 - 70 - 80 90 100 10
Totet Social Expenditure on Education (millions of pounds)

xf’\f

Noter:

Present value of total social expenditure is based on a 5

e furction indicated by A refers to the run using a sh
Cuurle,

Tae funrtion indicated by B refers to the run using the existing (7 year) primary
school course,

Curtent planned expenditure is in the neighborhood of £8) million.

* 7 “Shadow Prices as a Function of Total
Social Expenditure on Education

Ficure V

per cent discount rate,
ortened (5 year) primary school
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has been first set at a low level and then increased. At the point
where each change in the optimal basis occurs, an entire new optimal
solution, including the total benefits, the shadow pric'cs and the
optimal activity levels has been rceorded. T!lis techn}que allows
us to trace out both the marginal productivity function for ex-
penditure on cducation, and a function relating the total bcpcﬁts
to total expenditure. The two functions appcar in Figures V and
VI. The shadow prices appearing in the step functions in Figure V
are clearly the slopes of the minute line segments which make up

Present Volue of Net Bensfits
{billions of pounds)

°l

i

2 1, 2 2 a 3

[ 70 [ ] % co uo
Total Sociol Expenditure on Education (mitlions of 2aunds)

Notes:

Present value of net benefits and total social expenditures are based on a § per cent
discount rate.

A refers to the piresent system with & 7 year primary school course,
B refers to th- revised systemn with a § year primary schoal course.

Present Value of Net Benefits ag a Function
of Total Social Expenditure on Education

Fuee VI
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the total benefits function in Figure VL2 The range of variation of
the total soeial expenditure on cdueation presented here is centered
on £ 80 million. which is ahout what present government plans imply.
Variations hevond the range presented in the tables were thought to
be of dubious vulue heenuse the lincarity of the relutionships in the
model iz upen to serious fquestion when very major changes in
allocation are being considered.

Two uspeets of Figures V and VI are particularly striking: the
high level of the shadow prices over a wide range of expenditure on
cdueation, wnd the very favorable ratio of net benefits to total costs.
These resuits ceem to confirm the carlier mmpression that a revision
of the ptezent division of fesourees hetween edueation and the rest
of the ceoncmny in fuvor of education would significantly inecrease
the present value of future GNP,

VIII. Tug IMPORTATION OF ¥oucatep Lasor

The number of foreigners involved in teaching a nation’s youth
Is naturally & question of political as well as economie importance,
The replacement of foreign by indigenous teachers is a major policy
goal in a number of countries; others have explicit or implicit limits
on the proportion of teaching positions which may he held by aliens.
Yet foreigners are often a crucial clement in expanding the supply of
teachers, particularly as a temporary measure to break bottlenecks
in teacher training itself. The optimal importation of foreign
teachers thus depends on a trade-off between income (and perhaps
other) gains made possible through a more rapid expansion in educa-
tionzl facilities and welfare losses occasioned by an increased de-
pendence on foreigners,

We may expect the social welfare funetion to contain a negative

term relating to the number of imported teachers in the school sys-
tem. We may write: -

(8.1) 0= W(¥,F,..) oW/o¥ >0
N oW/oF <0
where W = the social welfare function

F = total number of teachers imported
Y = the present value of future national income,

In view of the fact that over some ranges of importation foreign
2. Although difficult to detect visually the functions in Figure VI are

concave from below; the implied diminishing marginal productivity js clearly
shown in the Degative inclination of the step functions in Figure V,
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teachers contribute to the expansion of educational output ang
hence of future national income. we can further write:

(8.2) Y =g(F) (all other inputs constant)

and therefore,

(8.3) W =W [g(F),F].

First order conditions for the maximum W require that

(8.4) —oW/oF - oY

oW/oY  oF

or that the negative of the marginal rate of substitution in the social
welfare function between income and forcigners must cqual the

marginal product of forcigners or the marginal rate of transformation
of foreigners into income.3

-"Nl',ﬂ'nc' fits
(mithons of pounds )

90 —-————vs t(r)

706 |

704 ¢

780
i A 2 " 1 1
-] 2550 2600 2100 2800

Number of Foreign Teachers Imported (F)

Notes: .
ww’ represents the (hypothetical) social welfare function.
For F 2> 2812 the shadow price of foreign teachers is zero.
For F < 2597 no feasible solution exists,
Net Benefits as a Function of the

Number of Foreign Teachers Imported
Fraure VII

oW 3. For simplicity of presentation, we have here ignored the term
oF
E . ? which would take account of the fact that increased importation of

foreigners allows A1 expansion of enrollment (E) which may be valued directly
in the social welfare function, apart from the associated Income gains,


http:governin.nt
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We can estimate the relation (8.2) using the parametric pro-
gramming technique deseribed in the previous section. The term
OY/JF is the shadow price of foreign teachers in the morel, or the
slope of the function appearing in Figure VII. The shape of the
function and the limited range of variation of F between the point
of redundaney and the point at which no jeasible solution exists
suggests that, given the present structure of the system, the produc
tivity of foreigners is high at present levels of use, but that any
major increase in importation would quickly depress their marginal
product to zero. Nonetheless, the high shadow price of foreigners
over the relevant range is suggestive of a rather major opportunity
cost of pursving nationalistic educational policics. The dotted line
WH” in that figure represents a hypothetical social welfare func-
tion which yiclds an optimum as described in (8.4) at point a.

IX. ConcLusions

Because the model employs linear ennstraints and a linear
maximand, there are relatively few computational problems involved
in solving and using the model. However, computational simplicity
has been gained at the cost of a pumber of assumptions which do not,
strictly correspond to the reality of any concrete planning situation.
The following limitations of the model srising from the use of these
simplifying assumptions are particularly important.

First, the maximand is a linear function of the ectivity levels;
thus the net benefits coefficients must not be a function of the level
of output of any of the activities. Strictly speaking, this requires
that the elasticity of demand for labor is infinite and the cross
derivatives (with respect to the various labor inputs) of the pro-
duction functions in the cconomy are zero.* This assumption is at, the
opposite extreme from that made or implied by the manpower re-
quirerzents school of educational planning, namely, that the price
elasticity of demand for labor is zero. The problems mentioned here
are zttributable to the fact that we are dealing with a sectoral model
rather than with a model of the entire economy. Ideally we would
use a model of the educational system and the economy in which the
demand for educated labor und the supply of inputs to education
are generated endogenously.

4. In the slwence of strict conformity with the requirement, approximate
constancy of the present value of :he outputs may result from the interaction
of a number of influences, for example, the expatsion of the supply of educated

labor accompanied by a nghtwards. movement of the demand curve for
educated labor as a result of economic growth or technological change.
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Second, in the empirical implementation of the model it has
been necessary to use estimated future carnings streams as the basis
for the objective function. This approach rclies on the assumption
that workers are paid according to their marginal productivity. In
addition, the use of observed earnings as a basis for the estimation
of future earnings streans rests on the assumption that the real
absolute differences in the carnings accruing to labor educated to
different levels and with a given number of years of cxperience will
remain constant over time.5

Third, it is assumed that the observed income differentials can
be attributed entircly to differences in edueation. This is clearly not
the case if intellectual and physical aptitudes, parental wealth, or
various socio-psychological attributes which are positively correlated
with an individual’s future carnings are also positively correlated
with the likelihood of his getting an education.

Fourth, even if the first three assumptions were close approxima-
tions of reality, it should be pointed out that the observed earninps
measure the private marginal productivity to the individual or to
the firm rather than his social marginal productivity. The external
effects of an individual’s education have been omitted.

Fifth, the objective function measures only those effects which
result in higher earnings. The benefits which have been defined above
as noneconomic, nan:ely, those which affect the nonincome terms in
the social welfare function, are not included in the objective func-
tion.

The uscfulness of a linear model of the type proposed
here depends on how closely the assumptions and structure of the
model approximate reality in any given planning situation and on
how sensitive the results of the model are to a likely degree of error.
On the basis of sensitivity analysis of the model with respect to each
of the above assumptions it can be said that the results for Northern
Nigeria are not significantly affected by plausible alterrative as- -
sumptions. The same general conclusion applies to rcasonable
changes in the data underlying the parameters of the model. Simij-
larly favorable results were yielded by sensitivity analysis of the
choice of a time discount rate and the estimaied rate of unemploy-
ment among the outputs of the educational system.® A run in which

5. It should be pointed out that in the presence of general _increpses in
output per worker, constancy of the absolute differences in earnings is con-
sistent with a narrowing of relative earnings. . . .

8. The sonsitivity tests and a more complete discussion of the empirieal

importance of the limitations of the model are found in Samuel Bowles, “The
cient Allocation of Resources in Education,” op. ecit., Appendix 64 and
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only 60 per cent of the earnings differentials by educational ievel
were attributed to education produced no major qualitative changes,
although nct benefits were naturally redueed.

Despite the very real nature of the ai;ve shortcomings of the
model, this approach to the economics of educational planning docs
vield a wealth of insights into the question of optimal resource allo-
cation in cducation, By making explicit the corplicated intcrrela-
tions within the educational system it allows the Investigation of the
direct and indircet effcets of a multiplicity of concreie policy choices,
The model fucilitates the consideration of the cfficiency of alter-
native educationa] production processes simultancously with the
choice of levels of production. The shadow prices generated by the
mode} are useful in identifying major resource scarcities and in sug-
gesting the relative importance of policy mcasures to alter educa-
tional teehnologies or the structure of the cducational system,
Lastly, the model has becn constructed so as to rely on data which
are either available in most countries or can he easily generated,

APPENDIX AND GLOSSARY OF Noration

OCUTLINE OF THE STRUCTURE oF
THE MODEL As APPLIED TO
TORTHERN NIGERIA

I. THE PLaNNING Periop: Eight years extending from 1964
through 1971.

II. Activities: In most runs, a total of 120 activities, or one
per year for the following:

A. Activities making deliveries to the labor force:
- primary school

secondary school

technical training school

form VI (college preparatory)

university edueation in Nigeria

university education abroad.

B. Activities devoted exclusively to teaching training or to the
preparation of students for further courses:
1. craft school (preparation for technical training school)
2. grade III teacher training
3. grade II teacher training .
4. Nigerian Certificate of Education teacher training.

ippendix 7.1. Some of the insensitivity to plausible parametric variations may
'e explained by the upper and lower bounds on activity levels.

D Ot 03 80
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C. Activities importing and cecruiting teachers:

importing foreign teachers nolding university degrees
importing foreigr ieachers holding the equivalent of g
Nigerian Certificate of Eduecation

recruiting ex-grade II teachers from the labor force
recruiting ex-grade ifI teachers from the labor force

recruiting additional senior university teachers from
abroad.

SR o~

II1. TaE OBsecTIVE FuncrioN: The terms in the objective func-
tion measure the net contribution of each activity to the

present value of future national income, as defined in Sec-
tion III,

Using the notation as defined in the glossary, the maximand
is:

=3 3 X0, (Y9, — Yo, — ).
Jm] pmi

IV. CoxstrAINTS:

A. Constraints on the use of inputs which are defined as stock
and which are generated within the educational system,
namely, teachers:

m s teeyy
3 3 Q'QX"j - 3 mX’; - Xt = B'g
J=1 P=til—yg; p=l (1.4

The first term of the expression is the total enrollments in ac-

tivity X, at time ¢, multiplied by the required input of teachers of

type i per student in activity j, summed over all of the m activities.

The second term is the tota] output since the beginning of the plan-

ich type of teacher in each ear of the planning period.
hese constraints are tKirty-two in number corresponding to
1e per year for the following inputs:
1. grade III teachers
2. grade II teachers
3. Nigerian Certificate of Education teachers
4, university graduate teachers. oL
B. Constraints on the use of inputs which are defined in flow
terms and which are generated within the educationa) sys-
tem, namely, students,
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m . :
- a,,-X‘, —_ g(A"('—’C == 0.
j=1 :

The first term of this constraint is the total students with
qualifieations ¢ required aginputs into educational processes in time
t, while the sccond term is the total output of the activity producing
these students «t the end of the previous year. This set of cquations
thus requires that the intake of students into a given type of school
in time ¢ 1must not exceed the previous year’s output of students with
the prerequisite qualifications for centry.

These constraints are thirty-two in number corresponding to
one per yesr for the following inputs:

o 1. primury school-leavers
2. eraft school-leavers
3. sccondary school-leavers
4. form VI leavers.

C. Constraints on the use of cxogenously supplied inputs:
m H
- 3 b3 a‘q X’; = B’(.
. J=1 Fmitl-g
The first term is the total enrollments in time ¢ in type j schools,
multiplicd by, the per student input requircment, summed over the
m types of cilucation. The right-hard side term is the exogenously
specified total aveilability of resource 7 in time L.
These constraints are seventeen in number £ad refer to the fol-
lowing inputs: . '
1. present value of total social expenditure on education
(only one ¢onstraint for alj eight years
2. senior university teachers :
3. children in the’six year age group.
D. Boundary conditions for admissions levels:
Xt > 7Xr—1
ij = 1.3X’-11
for recruiting and importing activities:
X?, =Re .

V. A Guossary or Noratton
Notation relating to the instrument variables:

X?; = the’number of students admitted to level § in period
p.:j=l...m,p=l...n.
m = the number of activities,
n = the number of years in the planning period.
X!, =the imports of resource of type ¢ in period ¢.

Nctation relating primarily to the constraing equations:

@'y = the minimum input of resource 7 in period ¢ required * - -

to accommodate one student in activity j: ¢ =1
...n,j:_l...m,i:l...m+
q = nu. ber of -exogenously supplied inputs,
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BY = the amount of rescurce i available to the system in
time ¢.
8y = the length of course j in years (similarly defined for
3[) . )

X*; = the amount of input i devoted to activity j in period
t

R = up];er limit on the recruitment or importation of
s - - - -
teachers with qualification 2 in period p.

Notation relating primarily to the objective function:
Z%; = the nct benefits function .coefficient associated with
activity X, :
2z = the row vector (1 X nm) of net benefits coefficients

Y?; = the lircsent value (discounted to year 1) of the earn-
ings accruing to an output of activity X»,.

Y?; = the present value (discounted to year 1) of the
alternative earnings stream; namely, that which
would have accrued to the individual had be not
received education at activity j.

C?; = the present value (discounted to year 1) of the per
student cost of operating activity X?, for the entire
course of s; years. L .

gy = the fraction of the total admissions to activity X;
which is expected to complete successfully the
course,
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