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I. INTRODUcrON 

Recognition of the important contribution of education to eco­nomic growth has heightened the interest of economists and eco­nomic planners in tie development of an enonGmiclhly rational basisfor the allocation of resources in the educational sector. A numberof recent models of the entire economy have explicitly incorporatedinputs of labor of various skill or educational levels.1 In addition,econon':sts have directed their attention toward the educationalsccto- itself and have attempted to decelop methods which yieldeconomically rational patterns of resource allocation and enroll­ments within the educatienal system. 2 
The model described below is addressed to four major questionsconcerning the efficiency of the educational 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 Universityin the year 1963-64.*An earlier version of this paper was readEconometric Society and at the joint meeting of thethe American Economic Association1965. in DecemberI have benefited greatly from advice and criticism from my colleaguesand friends, especially Hollis B. Chenery, Hendrick Houthakker, and ArthurMacEwan. I am grateful to James Huntsberger for computationalassistance. The shortcomings remaining and otherin the paper are, of course, my ownresponsibility.1. For, example, Michael Bruno, "Experiments with a Multi-SectoralProgramming Model," in Irma Adelman and E. Thorbecke, Theory and Deionof Economic Development (Baltimore: Johns Hopkins Press, 1966), andBruno's article with the same title in Review of Economics and Statistics,forth­coming. Also see the treatment of the labor inputs in the model of the Cam­bridge Growth Project, as reported inpower and Industrial Skills in 
Alan Brown, et al., "Output Man-

Economic 
the United Kingdom " in Organisation forCooperation and Development, Study GroutEducation, The Residual Factor cnd 

in the Economics ofEconomic Growth (Paris, 1964), pp.2. See Richard Stone, "A Model of the Educational System,"III (Winter 1965), 172-87. Minerva, 
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1. What amount of societ's resources should be devoted toeducation? 
2. lHow should the. total useresource be distributed amongvarious types of education? 
3. What educational technologies should be chosen? 
4. What is the optimal level and composition of the importationof labor for uSc within the educational system?
This mode.:,l difi',rs from most existing approaches to educational 

planning in the fllowing ways:
1. It ;s hased ,n the principle of constrained maximzation and

involves the vxplicit consideration of both the costs and benefits ofvarious tducational programs. 
2. UV.e of th- model allows the simultaneous computation ofoptimal enr(dllnent levels in each type of education, an optimal pat-tern of importation (or exportation) of educated labor, andchoice of efficiCln educational technologies, 

the 

3. The model is based on the assumption that each category ofeducated labor is highly substitutable both vis it vis other 'ypes oflabor and vis h vis capital. In this respect the model differs signifi-cantlv f-tm most other planning approaches, which assume that theproduction functions in the economy are characterized by fixed in-put coefficients for labor classified by occupatioal group or educa-tional level, 
4. It deals directly with labor classified by ed'icat;onal level.3 

This fe-1ture of the model avoids the problem of trant;ating demandsfor labor classified by occupational group into delvarl. for the out-
puts of specific educational levels.' 

Ahh,,ugh this paper is devoted primarily to a dis, ission of themodel, a ofnumber observations on its application to NorthernNigeria %Ni]! he made. 5 Section II of this paper contains -. brief out-line of the model and a sketch of the structure of the educationalsystem of Northern Nigeria. Sections III and IV present the objec-tive function and the constraint equations, respectively, along with 
3. In this respect it is similar to the model presented by Jan Tinbergenand Hector Uorrea. "Quantitative Adaptation of Education toGrowth," Kyklos, (1962) the 

AcceleratedXV and more recent versions of the originalmoe. Th ovrino cuainlit
4. The dctoa l"goodsconversion of occupational intooducational classificationsgenerally accomplished is 

ment" (or a distributiononoftherequirements")basis of the concept of anfor [le averageeducationalperformance"require-ofeach occupation. Cf. Richardand Training," Reivid.ew S. Eckaus, "Economicof Economics and Statistics, XLVI (May 1964).Criteria5. A detailed for Educationde-icription of the model and its application to NorthernNigeria has been presentedResources in in Samuel Bowles, "The EfficientEducation: A Planning Model Allocation ofith Applications to Northern
Nigeria" unpublisd PhD. thesis, arvrd University, 1965. 

ALLOCATION O RESCJRCEP IN EDUCATION 

some related data. Sections V through VIII contain a discussion ofthe application of the model to actual policy problems.

Some of the more important results 
based on the operation ofthe model with Nigeria data may be summarized as follows:1. The education: I sector has an extremely strong claim on eco­

nomic resources. 
2. Efficient allocation of resources within the educational systemrequires a rapid expansion of primary education and a reduction in 

enrollments in technical and secondary schools.3. The introduction of new educational technologies allows for-ajor increases in the efficienc-r of the system.
4. The productivity of foreigners imported to teach in ti, , system

is very high at the present levels of importation.
The optimal enrollments in various types of schools based orsolutions of this model appear to differ considerably from Nigex-ianeducational plans based on the manpower requirements approach. 

II. AN OUTLINE Or THE MODEL

We seek to maximize 
 a weighted function of enrollments invarious types of educational institutions over time, subject to con­straints based on an educational production technoiogy and givenresource availabilities. The constraint equations define what can becalled an intertemporal production possibility set for the educationalsystem. The objective function is ane coitribution of the educationa!system to future national income, measured by the increment in

discounted lifetime earnings attributable to additional years of 
education. 

The educational system is represented in this model as anaggregation of production activities. In the application of the modelto Northein Nigeria, the educational activities included primaryeducation, secondary educati-)n, higher t lucation, various types ofteacher training, and technical and vocational education.6 Each of 
thee , processe- used a variety of inputs (both human and other­wise) to transform raw 
gos tr 

materials (the uneducated) or intermediates te s ta nrduce(continuing students) into o Re ata producer's good.7 Relationshipsbetween educe.tional activities are presented as a system of inter­
temporal fows of students ani teachers. The output of a given
education.l irs'itution can be allocated to one of three tasks:1. continuation Gf his education at a higher level, 

6. Cf. below, Table I 
7. The system concurrently prodces a consumer's good, "education." 

http:Reivid.ew
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ALLOCATION OF RESOURCES2. 	 IN EDUCATIONemployment 	 L93 as a teacher at a lower level, and

3. 	employment 
 in the labor force outside the educational 
sys-tern".8	 IThe structure of flows of tealhvrs and students within the ­

educational I
systm is best described in the:rijual iinput-outputnat, 	 for­as in Table I, which presents the irtra-educational ffiws among 
M"the nine major types of formal education in Northern Nigeria.-
The constraints relate to


inputs 	
the use by the educational system ofsupplied from outside the educational system,penditure on education, total population 	 (e.g., ex­in the school-going age


group). as weil as endogenously produced inp,uts (teachers of various 
E__E
 

types, student outputs from one educational 	process who appear as 

inputs into higher educational processesi. In addition, boundary 
 a	 E
conditions limit. the policy instruments to values which are judgedto be politically 	and adm inistratively feasible. E E-FThe method described here is a sectoral model of the educa-tional system. Production processes in the rest of the economy .
 
not included explicitly. are
Thus the demand functions for the outputsof the educational system and the supply functions for the exogen-	 F. 
ously supplied educational inputs are specified prior to the operation 	 T 

. €, E"of the model. 
The instrument 	variables in the model include enrcllments andresource use at the various educational levels, and additional instru-ments which require discontinuousamples of or institutional changes. Ex-	 ­

the latter are choices 	 ­nologics (e.g., increased use involving newof audio-visual 	equipment)educationalchangesor tech­in the structure 	of the system -(e.g., extending 	university education + rto a four year course). The instrument variables have been defined 	 tzi _ ,so as to correspond to 	
--

U) U) U) VAthe actuPi policy instruments available tomost governments. In addition to the instrument variables relating
to the production of especific types of education, the system isallowed to import a number of types of educated labor, and to sendstudents abroad for their education. Thus for some types of labor,
the system i presented with a three-way choice: 	 ­the production of
labor with a given level of educational attainment either withir Co

the 
country or 	 C! Win foreign educational institutions, or the importation of

8. Some of the outputs will either not seek employment, or 	 J2
period of time 	 will for somebe involuntarily unemployed.9. Note that 	 r, o "the table has been arranged so that all of 	

= U C:.. ". =,-
4 00

dents (in termed ia te goods) 	 the flows of stu-lie ab ove the diagonal, 	 .,.(capital goods) lie below the diagonal. while flows of teach ers 	 C oE . -. _2Lack of data prevented the inclusion 	 13 - c "Wg o -z 0; 5* W to W ;­of various educational activities 	 0Z
outside of the formal educational system, e.g., on-the-job training and nulteducation. 

I 6 
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foreign labor possessing the educational.attainments in question. Ad-ditional activities allow the system to recruit back into the educa-tional sector personnel trained as teachers but who are presently
working in nonteaching positions, 

The model encompasses a nuirrbcr of time periods, so as toallow consideration
educational of the intertempor.31l relationshipssystem. Educational decisions involving within the

enrollments, 
resource use, a l hiring of staff are generally incorporated in annual 

budget--or simll]ar documents, and are
of-the school ycar to-be implemented in the course of the year.mtrde,prior to the beginning
It isthus appropriate to select the year as the time unit used in theModel, 
In actual application the model should probably be operated onla year-by-year sequential basis. If the planning period is n years,the model can be operated in year 0 (the base year) and the results 

allocation for the year I must be acted 
for the years 1 .. . n computed. Only the enrollments and resourceon at that time, so that atthe end of year 1 the model can be operated once more, incorporatingnew information on either the production processes or the present 
values of the educational output. The results for years 2can . . .n + Ithen be calculated,year2 ated upon
the values ef the instrument variablesth prcessconinud.
an
year 2 acted upon, and the process 

for 
e ontinued.' 


Solutions of the model yield optimal 
values of the instrumentvariables in each year of the planning period, namely: 
1. a time pattern of enrollments and resource use in each type 
2. levels of recruitment of new inputs (e.g., foreign teachersand domestic ex-teachers) to the system;
3. an efficient choice of educational techniques including suchchoices as foreign as opposed to domestic university study. Thesolutions also generate shadow prices for resources used in the 

productionWhile oftheeducation. thevalues of instrument variables for any givensolution are interesting in themselves, results to be gained throughslutre nterves i theiumsevr r tl s o gainparametrically programming 
h 

model some ofare probably more useful the crucial elements infrom the standpoint of thepolicy-making. The model not only allows us to explore the production pos-
1. Operation of the model in thisof the actual policy-making process, whichmannerproceeds from year to year ratheris probably a goad reflectionthan on a once-for-all basis for an entire n-year period.the efficient use of new In addition it allowsdata. A further advantage is that it avoids the neces-sity of acting on the values of the instrument variables in the later years inthe planning period, which are presumably sensitive to the somewhat arbitraryterminal conditions, 

ALLOCATION OF RESOURCES IN EDUCATION
sibility set for the educational system, but also to measure the trade­off between the availability of particular inputs, on the one hand, andthe values of thc instrument variables, the objective function, andthe shadow prices on the other. 

iii. THE OBJECTIE FUNCTIO
The objective function used in this model represents the net
 

economic benefits associated with the educational activities, namely,the present value of the economic benefits associated with the out­put of all levls of, the educational systcm over a number of yearsminus the present value of the associated costs.
As the social welfare function presumably contains manycomponents which have some functional relation to education, itisuseful to distinguish between those educational benefits which
 

iueft We willistinguishcall obetwee te onoperate via the income or income-relatedthe former "economic" enefits whichterms of the welfare tune­and the latter "noneco­tion, and those which operate on other components.nomic," although any dichotomous distinction of this type is boundto be somewhat arbitrary. This classification excludes from the
 
categorys of "economic"to e omeha bitrary. thsthose on excldesbenefits c consequences of feducationthegenerally called "consumption benefits," namely those which accrueto the student in the form of pleasure in studying or later in being aneducated man and having access to the style of life open to those 
with education. 

Any consequence of the educational system's outputcome whichresults in an increase in the value of present or future national in­
is thus defined as an economic benefit of education. If we con­fine attention to the level of income rather than its distribution themaximization of net economic benefits corresponds to thq maximiza­tion of the contribution of the educational systemt!o the futurei s conteducational s t m o he u r(discounted) national income.-"
 

increase in an in~dividual's
Ideally, we social marginal productivity resultingwould like to measure the economic benefits by the 

2. The exclusion of the noneconomic benefits is not intended 

that these should be ignored in the construction
here of the educational to suggestare intended plan. Theeconomically efficient patterns of allocation yielded by the modelto be one input into the planning presentedprocess, in competition 
with other allocation planstion of this approach basedis not to specifyon noneconomicone socially consideratins. The fun­desirable pattern of alloca­tion, but rather to clarify the economic benefits andchoices facing a society. costs of the educationalAn alternative approacho,ical anner's preference bsed on a simple hypotet 
model (Samuel Bowles, 

function has been used in the application of a similar"A Planning Model for the Efficient Resources inEducation" MA, IA ; ­
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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 attributalble to the indlividual's education, taking intocount. his direct contribution 

ac-
to output, "is well as any external 

effects which may exist.3 In the application of this model to the 
edueational planning problems of Northern Nigeria, earnings were 
used as an c-tirnate of the marginal productivity of each category
of labor. While this measure is subject to a number of objections,
it. was thought to be a rough indication of the private marginal 
productivity of the worker. 

In view of the fact that each educational outpuL has a working
life 	extending over a number of time periods, future increases in 
labor productivity generated educationalby the system are dis-
counted at an appropriate rate of time preference. 

The direct, social costs associated with each activity are thepresent value of the annual per student. costs summed over the 
duration of the educational course. The cost of one student year isthe sum of the required inputs valued at their opportunity cost, that
is, their social marginal productivity in their next best use, or at
their social marginal cost.4 The cost of education to the educational 
institution is not the relevant cost, figore, as it includes items of 
private as well as social cost, such as fecc-ing the students and per-
haps housing and clothing them. services which if not undertaken at 
the school would have to be undertaken in the home.5 

The indirect cost element rdates to the withdrawal of studentsfrom the labor force for their retenti.rn in the educational system) 
for the continuation of the cdunazn. Students' time should be 
valued at its opportunity cost, namely, the social marginal pro-
ductivitv of the student if he were on the 	labor market. Measure-

3. On tic extemal effects see Burton Weisbod, The External Benefits ofPublic Eduaion, !nn Economic Analyst- (Princeton: Princeton UniversityIn d 	ot r i l te l in io s Sectio n, 1964 ) . 
4. While the relevant cost concept is m.arginal rather ihan average cost,

in most educational activities studied in Nigeria there %;eregood grounds forassuming that the two quantities coincided. The expansion educe-tion, for example, requires a nearly proportional duplication oi the ecprocesnes through the addition of production units (schools) of the same 
eatt. 

scaleap sutctrutur te addtionefprnteising.and structure 	 (chels uversameinput as those presently existing.u nitsIn the fieldofof sie.,1.universityeducation, however there are significant indiviibilitie and fixed costs, andconseuetly maor divergence between average and 	marginal costs. In thecase 	of universitv education it was judged likely that additional enrollmentswould be accommodated in existing initutions with le than proportionalachanges in existing plant and equipment. In these cases marginal costs (over
the relevant range)5. Naturnlly, were estimatedcsand used in theerieoperation of the model.hfte hnpovddb

5. differ if the marginalschool differs from their marginal costcost ofwhenthese services whe provided by theprovided at one, the difference 
(positive or riegative) 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 coefficient 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, (Y1 '), and minus also the present value of the direct costs, 
(Cj). Thus net benefits for education j are 
(3.1) Zi = Yj - 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 objective function as 

Z°(3.2) 	 = I Z'jX,.
The earnings data were based on a sample survey of employ-

TABLE II 
TnE PF.SE-NT VALVE OF THE NET BENEFITS 

AssocLATED WiTH VAmous F_-UCATIONAL ACrVlTms IN 19641
(adjusted for wastage, failures, labor force participation and unemployment) 

Present 	 Pltio ofPresent Praent PresentPremt
Value Value of Increment Vahee of Value V-lues ofof Lifetime in Present Direct of Net Incrment LnLifetimeLifetime EarningsEarningsP eof of -Value S.,einl e-irernmtEarningsBenefits oEamrnwgs Foregone Earnings Costs (Z-3-5) Diret CoststoA

ACTIVITY YJ Y," (2)-(3) C Z) (4)/(5)(1) (2) (3) () (5) (6) (7)Primary School 1659 611 1048 62 986 16.9 
Secondary School 4592 2910 1682 476 1206 3.5 
Technical Training 

School 4337 2713 1624 785 839 2.1 
Form VI 7460 7356 104 326University Studies 20559 9130 11429 -222 0.31350 10079 8.5University StudiesUi e d t d e
 

Abroad 20559 9130 11429 
 1730 9699 6.6 
Sou-e: &-e text.S ourrmcrv The I'.sic datz e.z .ps.cPted in Samuel llowIm, "'iheEfciezt Alloca­tion of Resources in Education," op. -it., C"are. 3 and 0.Note: All firures are in poundc and are bLasd on a L per cent discount rate.Net benefit coefficientwsof teacher training) for awti-,ities making no direct deliveries(i.e., which not appear incraft school, do eeree as 	 to the labor marLeta feeder table. The tr.iing schoolthis 	 for technicaldemand plus the three typestivitics 	 ior the outputs of theseis derived endogenously from the emnissionz Isvels in the optirmal ,c­solution. Theobjective function wcilicients for these activities arc breed c. the direct, cost plus earmforegone daring the proe of education. T7he. he present value of net benefits coefficients iL this tble refer onyincome foregone, 14. i3 the discounted lifetimevidual who enters 	 majuig ofthe labor force with the prerequisites 	 an indi­for admission to level j. Thus the 

Westmriaalternative earn;n,,SchoolstreamAfrican Certificate, not the composite s,condacy schLool stream 
failures, dropouts, etc. 

from Form VI is the stream accruing to those who hadadjustedpassed thefor 
3. The ratios in Column 7 are not used in the operation of the model. They are pre­

saed he-u merely for reference. 

http:retenti.rn
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ment in private firms in Northern Nigeria in 1965. Costs wereestimated on the basis of school by school financialexpenditures grouped 	 records within a 	number of functional categories. Stan-dard architectural plans and associate.d cost data were usedestimate 	 tothe annual capital costs. The resulting net benefits co-eflicients and some of the underlying data are presented in Table II. 

IV. 	 THE CONSTRINTS 
The educatin production technology is represented by afixed input coefficients production 	 set of

functions. The 	choice of educa-tiona1 prt~du.tion functions (embodying fixed input coefficients
jtififd od the grounds that while a 
considerable amont of input 
is 

substitution the gn at hile ra ealc anoint 
sanyubation a adminfact be possible fromp eairoal standpoint, 

tim a yted ap ronra a ta a e t
r-s obelieve that at any giventime the approp~riate teacherstudent ratioste sme tpe2exogenousand other input co-procss i al scholsof
e ffi cien ts arc rou ghly fixed , a nd ins ist on a com mon ed ucationa l 
process in all school; of the same type.6 

For any level of education, j, in period P the production func--htteelctoation 	can be written: 
i . . . m+q(4.1) A.P Win. = 


4.t =-	
. . 

rin t= p ... P-sjwheren
where: 	 p = I ... M
Pmated 

-Vpj= the number of students admitted at level j in period p= the amount of i devoed to 
e iinput i activity , ia' the minimum amount of input i required to accommnodate one student in activity j in year t a

f - z numberopste of education considered in themodel 
n = 
the number of years in the planning period 
q = the number of factors supplied from outside thesi = 	the duration of course jinyears.


educational system 

Equation 4.1 states that admissions, Xe,, cannot exceed the value ofcoursethe durationine.ofyears.s)the smallest ratio of total inputs (X4 j) to the relevant input co-efficient (atij). 

6. The available school-h.o-sehool data on teacher student ratios andpersion around the mean value.other input coefficients for Northern Nigeria exhibit a remarkably small dis-
7. Many of the a%, coefficiets are zero. 
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The atl1 co)efficients referring to inputs produced by the educa­tion system itself represent te.clher student ratios for each of thetypes of teach,.rs used in the mod,l and student input ratios. Thelatter refer to the minimum number of leavers from level i requiredto admit one studeint to level I in time t. If level i is the "feeder" forlevel j then the relevant input coefficient is one.8 The aq1 co­

efficients for inputs supplied from outside the system represent themarginal per student resource requirements. 
Outputs appear in the system of constraint equationstive inputs, and are computed 	 as nega­

on the basis of the total original stu­dent input multiplied by the fraction of the original students whocan be expected to fall into each output category, namely, dropouts,failures, and successful leavers.
 
The matrix of aqj's, along with 
 the output coefficients, is an 

intertemporal input-output system representing the intra-educational
flow of teachers and] continuing students along
xoo 	t ea (primary)r factors. It s e n nw u sch t t s a withittheteinputsi p u t of aoclosely resembles an intertemporal
 
input-output system for an entire economy with the major exception
 

rdctothat the educational production processes are extremely time-con­r xrmlsuming, 	 rcse 
some requiring as as seveninput of a 	

much years between originalstudent and the eventual output of a graduate from that

activity.
 

The 	input coefficients relating to Northern Nigeriaon 	 were esti­the basis of historical and present data on teacher 3tudentratios (for a number of different types of teachers) and other inputdata. Time series of teacher student ratios were used as the basis
for the projection of future changes in the teacher input coefficients.
In most cases the movement of the coefficients indicates a significantimprovement in the quality of the teaching staff, namely, a substitu­tion over time of relatively well trained for less well trained teachers.An illustration of this process of technological change can be seen inFigure I, which presents the estimated values of the primary school
teacher input coefficients over the years 1964 to 1971.1. use of inputs generated by the educational system itselfThe resource constraints relate to three types of use: 
whic temwhich are defined in stock terms (i.e., teachers) ;2. use of the endogenously generated inputs which are definedas flows (i.e., continuing students); 

8. In one case (Northern Secondary Teachers College) the student inputsare of two different types, secondary school-leavers and Grade II teacher.In this case the student input coefficients relating to these types of students 
have 	been set at fractional values representing the student input structure ofthis particular institutio. 

http:teach,.rs
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Teachers per Student 

0200 


.01800 

Total rained Tecs 
Pe, Student 


.01400 

Grade Mwere.0100, 

.0600 


00400 

95o ,,59 ,96, ,96s 
 ,967 1969.'o5r5: 
9 ,97 

Values for 195-71 re projected.
Grade III and Grade II teachers have
epftotively. 

conip ete1 3 and 5 years
setiely.n of post-primary educationHistorical and Projected Technolorgica Change in the Production 

of Primary Education 

FiouRE I 

3. use of inputs supplied from outside of the educational system,Considering the two types of constraints relating toproduced resourcesby the educational system, recall that there are threepossible uses for the output of any activity: pursuit furthereducation in the system, employment a teacher in the 
of 
system, oremployment as 

in the labor force outside of the educational system.
These three uses can be referred to as use 
as an intermediate good,

use for capacity creation, and deliveries for final demand.
requirements within the educational system for labor of a given type 

The total 
thus depends on the levels of the activities which -use it as a studentinput, and the required capacity creation in the activities which useit as a teacher. The total availability of individuals with eachqualification is given by the numbers surviving from basetheperiod plus the amount produced within the system or recruited fromoutside the system. 9 The constraint equations i:- re that the amount

9. We have assumed that while techers can be recruited O por drestrictedfrom outside the system, continuing students must be produced endogenously, 

ALLOCATION OF RESOURCES IN EDUCATION 

of teachers and continuing students required by a solution does notexceed the number available. 
The conatrainits on the use of exogenously supp',ed resourcesrefe: to ,uich inputs as primary school age population and totalsocial expenditure edAucation,on and require that the total use of

each resource not exceed the exogenously specified supply.In addition to the resource constraints, boundary conditions areimposed on the instrument variables. The main considerations here
the political difficulties involved in any drastic reductions inenrollments, and the administrative obstacles to any verycrease.' The complete rapid in­set of equations and a glossary of notation 

appear in the appendix.
Thus far we have made the usual linear programming assump­tion that inputs are available at constant cost to levelup somebeyond which they are not available at any price. An attempt hasbeen made to modify this somewhat extreme requirement by con­structing supply functions which reflect the rising supply price of thefactor. The supply functions for two types of teachers, each of 

which may be hired locally or imported, are depicted in Figure II.The vertical distance between the first and second segment of eachfunction is the cost of importing the teacher, namely, transport andother payments additional to the salary. The step is built into thefunction b: allowing the system to use a new activity which im­
ports the teacher at the indicated cost.2 Similarly, in some runs 
activities allowing the recruitment of ex-teachers back into the schoolsystem have been introduced. These activities are operated at acost based on the foregone productivity of the teacher in his non­teaching occupation; the output is the availability of additionalteachers within the educational system. The introduction of theseactivities for the recruitment of grade II and grade III teachers(used largely in primary school) has the effect of adding a step tothe present supply functions and thus reflecting the rising supply

price of these inputs.
For those years immediately preceding the end of the planperiod, terminal conditions must be developed so that some allowancewill be made for intra-educational demand for educational outputsduring the years immediately following the end of the plan period.Were this not done the system would undertake what may be calledcapital consumption; it would cease producing teachers and stu­1. In the Nigerian application of the model admissions in any year were 

to a value between 1.3 and .7 of the previous year's admissions.
.the cost of using the teacher (salary) is charged directly to the uy.g 
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Supply Price Graduate Teachers (domestic(pounds)1ds5 	 Plous foeacher uduringo (suppy) 

II 

Ii 

1473 

plus. Teacers (dmestpyc 
1200 

Graduate 

Teachers 


(domestic

supply) 

750 N.C.E. Teachers 

(domestic supply) 

90 113 325 448 

.Nboof:
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FIGURE II
dents for puisuit of further studies
period. in the last few years of theA number of methods of dealing with the terminal conditionsis available.3 The method adopted here is to insure that for teacherimmeiatly rio totheendofhe pan erid wll e sffiien to4.training or the production of continuing students the activity levelsimmediately prior to the end of tle plan period -will be sufficient to 
ho v rupp r i g s med e -ir (e ogin l yTwo poile methods were sto cki fi d te ~considered r o f e a cht ebut not used. c pan bo l ­hae. 3.hawor equird ossie m 	 First, one mighttheposiniiwumethod weri rde omia d e sto oaf ut te eahet rs aheh t , oof sotingesoi 	 s typ caale 

sred eoen-mnents. 	 l .alspcfid of pbtermnalA second possibility would have been 	 erocll-of teachers (presumably using shadow prices from previous runs in an iterativeprocess), and then to maximize 
to value the terminal year stockgomie function incorporating the present maxi-mand and the value of the terminal 3,,aar stock of teachers, 
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similar to those established
the planning period.4 

V. Tim PA'lTERN oF ENROLLMENTS AND RESOURCE USE 
WITHIN THE EDUCATIONAL SECTOROnly a small portion of the body of results generated with the

model will be discussed below; 5 emphasis will be directed to the 
types of insights into concrete policy problems which can be gainedwith the aid of this approach to educational planning.Before considering the actual solutions, it shouldout that the production 	 be pointedside of the model alonegenerate alternative patterns of enrollments which 	

is sufficient to 
are both inter­

nally consistent and which do not violate the exogenously specified 
resource constraints. Moreover, the inverse of the matrix of input
and output coefficients is a convenient summary of the availableeducational technologies, and allows the computation of the directand indirect input requirements for a unit of final delivery of eachtype of labor to the labor force. Thus we can solve a number ofplanning problems without reference to the discounted future earn­ings stream attributable to education. The objective function pro­

vides one (but not by any means the only) method of selecting adesirable solution from the multitude of feasible &lutions.This section will present some of the results concerning enroll­ments in the various types of schools. The following three sections 
will deal with the choice of techniques, the optimal totaluse resourceby the educational system, and the pattern of importation of 
educated labor.

Solutions to the model yield values for each of the instrument 

variables relating to the admission of students to each type ofschool in each year of the planning period.--- attention here 	 We shall confine ourto primary education and related activities.The present Northern Nigerian educational plans call for a verygradual increase in primaryThe choice of terminal 
school enrollments accompanied byconditions is somewhat arbitrary. It should

be pointed out, however, that while the values of the instrument variables 
ev erl a t , e . . 

for the 
relevant

last few 
years

years 
are. 

in . Lthe _ planning periodm may be sensitive. p ¥ ,on which m n v o tthose immediate actione s t to thee choicec owlquential application of the m odel suggested in Section II obviates the needfor taking action on any but the first, or the first and second, year of the plan 

must be taken. Th 

period.
5. Wellalternative amiumptions concerning policy, technologylabor. A more and the future demand 

over 100 solutions of thefor educated 	 model Lowe been computeduincomplete description of the results will appearelsewhere. 
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gradual increases in the associated teacher training institutions, as
indicated in Figure ll." The model, using much of the same data, 
yields a rdie:ally different pattern of growth, shown also in Figure
1I1.7 The rapid rate of growth of primary education over the entire 
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Dot,' lir.,. indirate admissions levels specifiedSolid lIns indicate admissions levels in current 
by the model.

Northern Nigerian plas 

Primary School and Teacher Training Admissions 1964-1971 

FiouaE III 

6. Given the planned upgrading of the primary school teaching staffs, th,admissions levels in current government plans (Figure III)The demands for grade II and grade III teachers derived fom the planned pri.mary school admission in the early years of the plan appear to be considerabl3 
in excess of current availabilities plus pandotusOlya 

are inconsistent 

of recruitment majdor progran
7. The planned- admissions figures represent 

of exteachers could render the existing plans feasible.educated.the outcome of a comprhensive planning process which took into accou.t a number of noneconomicaspects of the problem not considered in this model. Thus the figures are no' 
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 ac­tivity. More explicitly one can say that the strong claim on re­
sources exerted by primary education is due to a great extent to the
low opportunity evst of its major inputs; the opportunity cost of stu­
dent time is zero and the opportunity cost of grade II and grade III 
teachers in the economy is minute compared with the opportunity
cost of university graduates, who form the bulk of teaching staffs at 
the post-primary institutions. 

initial decline in primary school admissions indicated inFigure III is explained largely by the required upgrading of the pri­mary scho6T teaching staffs and the rather complicated interrelations 
between primary schools and teacher training. We have found thatthere are a number of activities within the educational system which 
are particularly closely intertwined, and that the reciprocal and even 
multilateral trading of continuing students and teachers often re­
sults ii 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

is a good example of this problem.8 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 serveas teachers in the primary schools or as student inputs into the 
higher teacher training institutions (N.S.T.C.). Thus, while it is not 

true that everything depends on everything else (this par­
ticular whirlpool of interdependence appears to be relatively self­contained), each activity level depends on a number of others, often 

a rather complicated way.
 
that as 
part of the program of quality improvement inprimary school teaching the relatively well trained grade II teachersare being substituted for untrained and grade III 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 musttrain a sufficient number to effect an increase in the grade II teacher 
coefficient, not only for the increment in enrollments but for theentire stock of primary students currently in the process of being

scurnlintepossfbig 
8. Grade III teachers have thrie years of post-primary educationare the lowest category of trained teachers in the primary schools. Grade 

and
IIteachers have a total of five years of oost-nrimwrv trainina, 
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The educational system is given the choice of four alternativemethods of acquiring the necessary grade II teachers:
1. admit primary school-leavers into the (three year) grade III course and admit those who successfully complete the course to thegrade II course; 
2. withdraw grade III teachers from teaching in primary schooland admit them to the gradeII course; 
3. recruit ex-grade III teachers from the nonteaching labor 

rcecrund it hegd to teher rohe oeahn g lvolume
4. recruit ex-grade 11 teachers from the nonteaching labor force. 

A.dm shave 

25 

A cof 

96 Io6Notes: "9° "" 
A refers to a rum n wc there is no upgrading in the qualiicatos of 

school staff. 

... fort was a veet.erovosyrlessasgiiatprino, . -.C refers to ..a run in which the recrmitment of ex-teachers from the not 
to,=ary nhotPrimary AMiso wstaff.School Admisions with Various Policy Asurpticus 

Fiomz IV 

.
ALLOCATION 

OF RESOURCES IN EDUCATION 
All four methods are used. However; it is the withdrawal ofgrade III teachers frmn primary school for further training whichis largely responsible for the early fall in primary school admissions.

The proceSs is analogous to a tcmpnrary cutback of production toallow retooling of the ,.xisting capital stock, followed by a rapid ex­pansion with a new technology. Were the system restricted tochanneling school-leavers through the usual grade III and grade IIsequence, a total of five years would elapse before an increased 

of grade II output could be made available to the primaryschools. In this case either admissions would have to be significantly
reduced, or the upgrading of the primary school teaching staff would 

to be postponed, or both. A number of runs in which recruiting
ex-teachers from the nonteaching labor force was not allowed re­sulted in a much more pronounced and more prolonged reduction inprimary school admissions. On the other hand, a run incorporatingno 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 (see Figure IV). 

VI. TmE CHOICE OF EDUCATIONAL TECHNIQUES
 
Many 
of the policy decisions facing planners in the field ofeducation concern changes in educational technologies. In this sec­tion 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 numberof years in the primary schoolcourse course. The proposal for a shorteroffers the same number of classroom hours as are presentlyoffered over the seven year course. This is possible because of therelatively short school year in the present system. The optimalitya similar proposal has been considered with the model. Primary 
school activities of five years duration have been introduced. Theannual costs are somewhat higher (to allow for the opportunity costof withdrawing the teaching staff from possible vacation time em­ployment) but given the reduction of the course from seven to fiveyears, the total discounted cost is not increased.ratios are The teacher/studentunchanged, except that the elimination of the sixth and 

seventh year obviously releases a significant portion of the teaching 
are reduced to five-seventhsOnce the system is in operation, overall teacher requirementsof the previous level.9 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 output two years earlier increases 
the present value of the benefits stream . "The effect of the introduction of the new primary school coursecan now be outlined. The optimal priiiary school aldmissions levelsare significantly increased. Moreover, the net benefits generated bythe oIptilnal solution are moreleve(l of expenditure education

than 
(see 

10 per
Figure 

cent 
VI).
higher at the presenton 

Despite the in-crease in primar - school admissions, the teacher training activitiesare run at virtually the same levels as in the solution with the 
seven Year primary school course. Both the increase in total net
ben,.fits and the increase in optimal primary school admissionsb d blevels can 

heb. the inecreiuctiore inin oti overalle alteteacherceyerequirements which,ui e et:hih amongother tin m n ., facilitates the "retooling" process; and2. the increase in the present value of net benefits per student.A number of other runs have tested the implications of the fol-lowing types of structural or technological change in the productionof education; all resulted in significant, increases in the value of theobjective function: 
1. an increase in the university course from three to four years,accompanied by the elimination of the present Sixth Form, the twoyear universit hpreparatory course;
2. changes in the failure rates in various teacher training ac-tivities; 
3. a less rapid quality improvement in the teaching staffs in 

prim4.ary scho ols ; schoo lee--1.Thevarious changes in the productive techniques at the primaryschool level, 

A particularly interesting experiment under the last heading was
to allow the model to substitute equipment 
 (texts and audio-visualmaterials, for thc lowest grade of teachers in primary school (gradeIII), and to allow some substitutability between differentteachers types ofin the production of primary education. Using constantmarginal rates of substitution between grade II and grade III 

teacherslimited range,and between gradean optimum pattern of enrollmentsgenerated. 
III teachers and -eciulpmert, over awas and substitutionSome factor substituio

of the planning period. 
tion wasin ptim earstol all 

ratino, the i overllrreductiot e renae wouldbebe Pointed out that the impact omewhat less. It should
ratios, the reduction in overall reuirements wouldsixth year of the Plan, becauseo ittheis aassumed that Primaryharge is not felt in the model until theschool students 

Paraa rea for the usual seven 
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VI OPTIMAL TorAL RFSOURCE USE By EDUCATIONturn now to tile Of Usie ro c ., s boh 
We turn now to the question of the total resource use by theeducational systeni. We have two related types of measures of theoptimality of the division of resources between education and therest of the economy:
1. the amount of additional resources recruited into the 

at positi*ewhenever the indirect effect of an 

tional system in the optiml solution and 
educa­

2. the shadow prices of resources. 
The activities which recruit new factors

teachers back into the educational system) will be 
(e.g., recruiting 

run 
x­

additional unit of resourceon the discounted value of future GNP is greater than the estimateof the resource's unit cost.'
In all solutions of the model it has been optimal to augment theexisting factor supplies with recruits both from the Nigerian laborforce outside of education, and from abroad. Thus, for example, thehigh level of recruitment of grade III teachers reflects the fact that;the marginal productivity (in terms of discounted future GNP) ofgrade III teachers when used in the production of primary educationis considerably higher than the direct productivity of these person­nel when employed in the rest of the economy.

importation of foreign teachers 
The high levels of 

indicate that during most years ofthe planning period the value of the marginal product of theseteachers within the Nigerian educational system exceeded the rather 
shadow prices of eachs b t n i l i p r a i resource provides aimportationn c s s somecosts. indication of 

the optimal total resource use by the educational system. If theshadow price of the resource within the educational system, measur­ing the direct and indirect contribution of r unit of the resourcediscounted future GNP to
exceeds the marginal productivity of theresource in its next best use, then we cap conclude that the allocationof more of the resource in qiestion to the educational system wouldincrease the present value of fut'ure GNP. 

1. The unit cost of impoitedassociated costs; 
tezhers is the additional salary andthe unit cost otharof additional factors recruiteds in the economy from other sec­is the factor's m argial productivity in its alternative use.ooW re z is a row vector of te-f included activit'es, a, the 
objecive function coefficients, B the basisvector renresenting the recruiting activity, andc, the estimated opportunitythat the recruiting activity will be run at positive levels whenever:The term on the right-hand side ol 

cost of :ecruitment, the simplex criterion i. ca !. zB 'aa, the inequality is the direct and indirect 
effect of the dvailzbbility offunction. an additional unit of the resource on the objective 
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Total resource use in the niodel is measured in money terms andreferred to as total social expenditure on education. This quantityincludes the direct social costs of education along with the opportunity costs of students' time incurred during the process of educa-tion. In all solutions (if the model the 	shadow price referring tototal social expenditure on education is high relative to any plausibleestimate of 'he marginal productivity of resources in alternativeuses. At fir.-t glance one would conclude that a major increase in 
the availabilities offor. 	 resources for the educational system is calledHowever, the skuptic and the planner may wish to investigate 
how the shadow price is affected by changes in the availability ofrestoure c.sto the system . 

Paramnieric progranmming has been used to estimate the marginalproductivity furictin for expenditures on education. 
in the constraint vector referring to the maximum total expenditureThe 	element 

Shadow Price of Total 
Social Ex efdituro (Pound&) 

14
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Totel Social Expenditure 	
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on Education (millions of pounds)The f~r~c'innm indiatedPrcsunt valze by A refers 
th tring ashortnedy .mrrefersto(.The funr~ction indicated 	 yeaTotalmaySocialof total social to the runexpendliture using a shortenedis based on a 5 (A year) primary schoolper cent discount rate.C.A'rle.Te fu-nr-ion indicated by B refers to the run using the existing (7 year) primary 


C urrent planned expenditure is in the neighborhood of SO million. 

Shadow Pikes as a Function of TotSocial Expenditure on Education 
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has been first set at a low level and then increased. At the pointwhere each change in the optimal basis occurs, an entire new optimalsolution, including the total benefits, the shadow prices and theoptimal activity levels has been rccorded. This technique allowsus to trace out both the marginal productivity functionpenditure on education, and a 	

for ex­function relating the total benefitsto total expenditure 
VI. 	

The two functions appear in Figures V andThe shadow prices appearing in the step functions in Figure V 
are clearly the slopes of the minute line segments which make up 

(bl 	 Of9 t nS7 

,. 

ID
 

A. 

.5 

oo E.Pee:nTdalre on Education omSlofof uunSs( rnauolio
Present value of 	

n 
net benefits andNotes:	 total social expenditures are based on a 5 Per cent 

A discount rate..refers

A eesto the- Pccoent system a 5
B refers to t revi ed sstem wwithith a 7 ery"earprm school urse.rrirnnryary schoolo rowrs. 

Present Value of Net Benefits as a Functionof Total Social Expenditure on Education 
1iaiz.o 


VI 



--

212 

213 

QUARTERLY JOURNAL OF ECONOMICS 
the total b,nefits function in Figure V2 The range of variation ofthe total social expenditure on education presented here is centeredon £ 80 million. whiheli is about what. )resent governin.nt plans imply.Variati,,i. lwvnd the range pre.(.ntel in the tabl:s wre thought tobe of dubious value because fhe linearity of the relationships in the model is ,p n to seriousallocation question when very major changes intr, being considered. 


Tw'i :is.pcts of Figures V and VI 
are particularly striking: thehigh levej if the hadow prices overeducation, .riu a wide range of expenditure onlel( very favorable ratio of net benefits to total costs,These rso!- IPlli to confirm tle earlier impression that a revisionof the ph.ent division of resourees between education and the restof the eciani' v in favor of education would significantly increase 
the present value of future GNP. 

VIII. THE IMPORTAriON OF EDUCATED LABOR 

The numiber of foreigners involved in teaching a nation's youthis naturall' :t ua(JUtion of political its well as economic importanc,,.
The replaceient of foreign by indigenous teachers is a major policygoal in a ,nber of countries; ot hers lhave explicit or implicit limitson the proportion of teaching positions which may be held by aliens.Yet foreigners are often a crucial element in expanding the supply ofteachers, particularly as a temporary measure to break bottlenecksin teacher training itself. The optimal importationteachers thus depends 

of foreign
on a trade-off between income (and perhapsother) gains made possible through a more rapid expansion in educa­tional facilities and welfare losses occasioned by increasedan de­

pendence on foreigners.
We may expect the social welfare function to contain a negative

term relating to the number of imported teachers in the school sys-tem. IT" IT(Y,F,(8.1) We iray write:- .. ) V/ Y>
( .8 .1. . .Z~IT = J ~ y ' l v >z~ y 0F 

aW/F < 0 
where WV= the social welfare function 

F = total number of teachers importedY = 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 
concave from below; the implied diminishing marginal productivity is clearlyfunctions in Figure VI are
shown in the negative inclination of the step functions in Figure V. 
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teachers contribute to the expansion of educational output andhence of future national income, we can further write:(8.2) Y = g (F) (all other inputs constant)

and therefore,
 
(8.3) T = TV [g(F), F].
First or =c f ,F] .
 

First order conditions 
 for the maximum V require that
(8.4) -- l/aF y
 

W/Y F
or that the negative of the marginal rate of substitution in the socialwelfare function between income and foreigners must equal themarginal product of foreigners or the marginal rate of transformation
of foreigners into income.3 
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F0 > 82th hdoNotes: rieoofrin echr s eo 
o r;F >2812 the shad ow
- ww social welfare s is zero.


repreqents the (hypothetical)price of foreign teach erfunction.
 
For F<2597 no 
 feasible solution exist. 

Net Benefits as a Function of the 
Number of Foreign Teachers ImportedFion VII 

3. For simplicity of presentation,- - we have here ignored the term 
BE ~F 

which would take account of the fact that increased importation of
foreigners allows an expansion of enrollment (E) which may be valued directly 

, a"" 
in the social welfare function, apart from athea2)''''.....associated income gains.ca (: n o egi s 

http:governin.nt
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We can estimate the relation (8.2) using the parametric pro-gramming technique described in the previous section. The term3Y/AF is the shadow price of foreign teachers in the model, or theslope of the function appearing in Figure VII. The shape of thefunction and the limited range of variation of F between the pointcf redundancy and the point at which no feasible solution exists 
suggests that, given the present structure of the system, the produetivity of foreigners is high at present levels of use, but that anymajor increase in importation would quickly depress their marginalproduct to zero. -Nonetheless, the high shadow price of foreignersover the relevant range is suggestive of a rather major opportunitycost of pursuing nationalistic educational policies. The dotted line11'W" in that figure represents a hypothetical social welfare fune-tion which yields an optimum as described in (8.4) at point a. 

IX. CONCLUSIONS 
Because the model employs linear constraints and a linearmaximand, there are relatively few computational prolblems involvedin solving and using the model. However, computational simplicityhas been gained at the cost of a number of a-'sumptions which do notstrictly correspond to the reality of any concrete planning situation,The following limitations of the model arising from the use of thesesimplifying assumptions are particularly important. 

First, the maximand is a linear function of the rctivity 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 crossderivatives (with respect to the various labor inputs) of the pro-duction functions in the economy are zero.4 This assumption is at theoppnsite extreme from that made or implied by the manpower re-quirem-ents school of educational planning, namely, that the priceelasticity of demand for labor is zero. The problems mentioned hereare attributable to the fact that we are dealing with a sectoral modelrather than with a model of the entire economy. Ideally we wouldusce a model of the educational system and the economy in which thedemand for educated labor and the supply of inputs toare generate-I endogenously. education 

areg n te , endge s tno ty w5.4. In the absen of estrict conformity with the requirement, approximateconstancy of the present value of ihe outputs may result from the interactionof a number of influences, for example, the expansion of the supply of educatedlabor accompanied by a rightwards movement of the demand curve foreducated labor aa a result of economic growth or technological change. 
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Second, in the empirical implementation of the model it hasbeen necessary to use estimated future earnings streams as the basisfor the objective function. This approach relies on the assumptionthatt workers arc paid according to their marginal productivity.addition, the use of observed earnings as a 
In 

basis for the estimationof future earnings streams rests on the assumption that the real 
absolute differences in the earnings accruing to labor educated todifferent levels and with a given number of years of experience willremain constant over time.5 

Third, it is assumed that the observed income differentials canbe attributed entirely to differences in education. This is clearly notthe case if intellectual and physical aptitudes, parental wealth, orvarious socio-psychological attributes which are positively correlatedwith an individual's future earnings are also positively correlated 
with the likelihood of his getting an education. 

Fourth, even if the first three assumptions were close approxima­tions of reality, it should be pointed out that the observed earningsmeasure the private marginal productivity to the individual or tothe firm rather than his social marginal productivity. The externaleffects of an individual's education have been omitted.
Fifth, the objective function measures only those effects whichresult in higher earnings. The benefits which have been defined aboveas noneconomic, na.-aly, those which affect the nonincome terms inthe social welfare function, are not included in the objective func­

tion. 
The usefulness of a linear model of the type proposedhere depends on how closely the assumptions and structure of themodel approximate reality in any given planning situation and onhow 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 eachof the above assumptions it can be said that the results for NorthernNigeria are not significantly affected by plausible alternative as­sumptions. The same general conclusion applies to 7easonablechanges in the data underlying the parameters of the model. Simi­larly favorable results were yielded by sensitivity analysis of thechoice of a time discount rate and the estimated rate of unemploy­ment among the outputs of the educational system.6 e t a o gt eo t u so h A run in whichdu ai n ls se ) A r ni h cIt should be pointed out that in the presence of general increases inoutput per worker, constancy of the absolute differences in earningssistent with a narrowing of relative earnings. 

is eon­
6. The sensitivity tests and a more complete discussion of the empiricalimportance of the limitations of the model are found in Samuel Bowles, "TheFficient Allocation of Resources in Education," op. cit., Appendix 6.4 and 
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only 60 per cent of the earnings differentials by educational levelwere attributed to education produced no major qualitative changes,although net benefits were naturally reduced. 
Despite the very real nature of the abo vJe hortcomings of themodel, this approach to the economics of educational planning doesyield a wealth of insights into the question of optimal resource allo-cation in education. By making explicit the cor1plicated intcrrela-

tions within the educational system it allows the investigation of thedirect and indirect effects of a multiplicity of concrerc policy choices.The model facilitates the consideration
native of thz efeiency of alter-eduenitionnl production processes simultaneously with thechoice of levels of production. The shadow prices generated by themodel are useful in identifying major resource scarcities and in sug-gesting the relative importance of policy measures to alter educa-tional teenologies or the structure of the educational system.Lastly, the model has been constructed so as to rely on data which 

are either available in most countries or can be easily generated. 

APPENDIX AND GLOSSARY OF NOTATION 

OUTLINE OF THE STRU-'TURE OFTHE MODEL As APPLIED TO 


RTHE IEIA
.,-rORTnERN NIGERIAI. THE PLA.,NNtI- PEmOD:through 1971. Eight years extending from 1964 

II. AcvImIs: In most runs, a total of 120 activities, or oneper year for the following: 
A. Activities making deliveries to the labor force:A. ima soli e 

secondalra2.2. secondary schoolschool3. technical training school4. form VI (college preparatory) 

5. university education inab ra 
B. Activities devoted exclusively to teaching training or to thepreparation of students for further courses: 

1. craft school (preparation for technical training school) 
3. grade III teacher training2. grade II teacher training4: Nigerian Ceitificate of Education teacher training.

Lppendix 7.1. Some of the insensitivity to plausible parametric variations mayie explained by the upper and lower bounds on activity levels. 
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C. Activities importing and cecruiting teachere:1. inp.rting foreign teazhers holding university degrees2. importing foreigr teeahers holding the equivalent of a
Nigerian Certificate of Education3. recruiting ex-grade II teachers from the labor force4. recruiting ex-grade ill teachers from the labor force5. recruiting additional senior university teachers from 

111. THE OBJECTIvE FUNCTION: The terms in the objective func­tion measure the net contribution of e ch activity to thepresent value of future national income, as defined in Sec­
tion III. 
Using t
is: he notation as defined in the glossary, the maximand 

= % - YPil- 0) . 
j-I V1i 

A -1 -S 

IV. A. Constraints on the use of inputs which are defined as stock 
COnSTRhINTS:

and which are generated within the educational system,namely, teachers:m t -al X~j Y giX10i- X1 - B't 
j-1 V-Z-8trofhep-i V-& i 

tvIDTThe first term of the expression is the total enrollments in ac­tivity Xj at time t, multiplied by the required input of teachers oftype i per student in activity j, summed over all of the m activities.The second term is the total output since the beginning of the plan­
ning period of the teacher -trainingactivity producing resource i (ad­
justed for failures and dropouts). The third term is the total im­portation or recruitment of teachers of type i from outside theeducational system in time t. The right-hand side term is the totalstock of the type i teachers in the system in the first year of theplanning period who have remained in the systemnot retired) (i.e., who haveup to year t. Thus the above set of equations requiresthat total use of type i teachers not exceed the available supply fortch type of teacher in each year of the planning period. 

These constraints areie per year for the following inputs:
mirty-two in number corresponding to1. grade III teachers 

2. grade II teachers Education teachers 
3. university graduate teachers.4. Nigerian Certificate ofecraB. Constraints on the use of inputs which are defined in flow 

terms and which are generated within the educational sys­tem, namely, students. 
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Y afiXlj - giXil-:. 0.The first term of this constraint is with 
B1, = the amount of roseurce i available to the system inqualifications i required as-inpus into educational processes in time 

the total students 
time t.Sjt, while the second term is the total output of the activity producing the length of course j in years (similarly defined forX1,1 =ihese students ,t the end of'the previous year. This set of equations 

the amount of input i devoted to activity j in periodthus requires that the intake of students into a given type of schoolin time t t.iut not exceed the previous year's output of students with B' =uthe prerequisite qualifications for entry. . pper
These constraints hre thirty-two 

e limit on the recruitment or importationteachers with qualification i in period p. ofin number correspondingone per y r for the following inputs: to Notation relatingprimarily to the objective function:1. primary school-leavers Zj = the net benefits function .coefficient associated with2. craft school-leavers activity XPI.3. secondary scool-leavers z = tie row vector (I X nm)4. form VI leavers. of net benefits coefficients 
YP ZPJC. =Constraints on the use of exogenously supplied inputs: 

the present value (discounted to year 1) of the earn­
a ings accruing to an output of activity X's.Yj, = the present value (discounted to year1;.. 5: -. a'4!,+ :- 1) of theThe lirst term is the total enrollments in time t in type j schools, alternative earnings stream; namely, that whichmultiplied by. the per student input requirement, summed 

would have accrued to the individual had he notin types of education. over the received education at activity j.The right-hand side term is the exogenously = the present value (discounted to year 1) of the perspczified total availabiliLy of resource i in time t. student cost of operating activity XD, for the entire course of s years.These constraints are seventeen in number Lald refer to the fol-
o 

lowing inputs:1. = the fractionpresent value of total social expenditure of the total admissionson education which to activity X 
(only one constraint for all eight years) 

course. is expected to complete successfulvy th,2. senior university teachers 
3. children in thesix year age group. 

HAAM UNIVMTY 

D. Boundary conditions for admissions levels:X.=- 7X P- li 

for recruiting and importing activities: 

V. A GLOSSARY oF NoTATioN 
- Note tion relating to the instrument variables:
XPj = theinumber of'students admitted to level j in period


p: j= 1 . . . re, p= I. . n.m = thenumber of activities. n = the number of years in the planning period.X1' = the imports of resource of type i in period t. 
Nctationrelating primarily to the constraintequations:

alq = the minimum input of resource i in period t requiredto accommodate one student in activity j: t = 1
 
q = nu...bn,o Iue supied inputq.
ber of -exogenously supplied inputs. 


