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tkat tka iwMtawtlaa fu^laas la tka -^pcaadtaa, «kl<k asai 
■laaiiy ata tkaraata»laa4 by flaad lapat caafflBlaata fa* I
labar elaaaiflad by acaapatlaaal praiip ar adueatiaaal leval.

(d) It daala diiactly with Ijbor claaaiftad’'ky 
adacatioaal attalBaaata. Thia faatuxa af tba aedal avatda tka ' 
difflcwlt problaa af tnaalatlag daaaad^ far' labay elaa*l'fiad.,.-;?fe*.i;'^^^'. 
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AiMitMa Cmt mi* tjrp* MT timaU—. tatUMdu' MttmiM U y 
p*4 t* *• tmuM •f tMldi^«fl«al <kM|* la tta pMAicttM 
a^ MMatlM m4 tba nMiltUf taapanl awraaiat U tba laput 
•aamalaats la tka aa4al.
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" Ckaptar • aaataiaa a 4Uaaaat«a af tha daaaad 
M labar la tka Kartkata Nliariaa aeaaair. Oa tka 

kaaU af aaaala^ data eallaatad la a aaapla aa»Mr af prfaat. .. ' ^

aatakllakaaata. tka caafflclaau af tka akjactiva ftawitlaa. 
laptataatlaf tka praaaat valaa af aat kaaafltt aaaaelatMi 
altk aa* tjfpa af afaaatiaa. ara astlaatad.

^aptar 7 pvaaaau tka aala aaMlta af tha aadal. 
la aMltlaa ta a B«a*ar af maa usla« pajaaatara raflaetlag 
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A GLOSSARY OF NOTATION ’..k**
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'l

^ iV. ^. fotatiob, testing «o the instruaent vhriahles:

;k;•: /.
• < / I ■ Ihe nuirt)er of ectivitios.

- ' the'^nu^ yearJ in the planning period. ~
. ' / • the total enjrillBenti
V' ■■■ ■■ I

-n.

V:l
in activity j in period t;

' ^ XP. - the inports of foreign ieacheri of type j in period p. V

• a colimn vector (m x 1) of activity levels.

... V'“'J•-^1^
X

Notation relating prinarily to the constraint equations:
t ' ^

"source 1 in period t. required to accoa 
■odate one student at activity j; '

• nuaber of exogenously supplied inputs.

'1. . r

t«l...n, i«ls..B+q.

q •*;
4

A.
^ ^"P“* coefficients (a*.'s) for endoe-

enously supplied inputs; i»l...n, j«l...n, t^^..n. f

* ' “J of.iuput coefficients (kj 's) for exdgen- ■^
ously supplied inputs; i«n+l...q, j«l...B, t"K..n.

■ the quantum of resource j available to the system ip time t. '

availabilities, bJ for

■ W-

b5 %
j

■'j::

b p tte column vector (nn x 1) of resource 
j-l...n.

■ ~Ppuinn™ts*"Bt'" * availabilities of exogenously
_j - ' J for j-n+l,,.q.,
Bj . total of resource j available to- the syst 

endogenously generated outputs of j. ea in time t, including

■ the estiut^ stock pf teachers of type i'survivjLng until time 
t fro* the base year.•>1

I ..
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of loWor bounds on tha aciivity lerels;•m.

(lui X 1)' Sf \ipj>er bounds on the'activity levels

•j

' « ;Jthe en^t^ anmuKsa^ of '^blrenent frOn the teaching force' 

fj <,J^ho’.anount 9f devoted tdt activity j in period t.

n
■----

-■:4 ■• -■-

-••0

.-y .ra^ei^aMfeyears.^ r\'
■-■*» 4

for t •f
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deaand for teachersjof qualiflcal... 1 in activity j. '

‘f \
V#

,--•
Notation relating prifatUy to tha.objective function:

. ' ' . ..

Z? ■ the net benefits function coefficient associated with activity/x?;^
^ ^ - ., -.sJjt.

- the row ve<^tot^l x np) ,of l^efits coefficients', ,

Y? « the present value (discounted to year 1)'of the earnings accruing -I
‘ to an output of activity Xj .

Y?, ■ the present value (discounted*
earning* strean, naaely that 

; individual had he not receivwl^
cP - 'the present value (dis90Unte^^«r 1) of the per^tudtat 

■’ cost of operating sct^ity XF for the entire cpiase of s^'years. .

j. ,.g 1 * the rate of social tihe discount.
y^^' - expected earnings of the output of activity X^ in tine t;

' , ' P/.‘j • . .4.

yit " “Pected •*r»in*» i» tiae t of an indfvlduil posswsing the 
' prerequisites for entry into x? but idio enters the labor forc*>

at tlaep.' , ' . ^ i. . : -■* * • • •

per student cost of operation of X? in tine t; ■
P • »j i - 0 for t K p., * . «

-■ ' 7' 4

z . ■'.S'

Uj^he alternative^ 
IfSi^accrued to the - 
at-activity j.
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“ *•** MTgiiial cost or the opportunity cost of one unit
of input i in tine t.

• . oxpoctod length pf working life nfter greduntion fron 
activity j.

expected length of working .life after obtaining the pre
requisites for entry into activity j.

« the fraction" of the total adnissiohs to activity X. whidK • 
is expected to conplete successfully the’^course. ^

i: ^ -1.
-i •5

. ■ / h' • • rifr
.4t, ■

i

Other notation: ■■■
J

• ' gross production of labor educated to level i-.

the awnmt of labor of typed, allocated to sector j, . :

-••i -.'s'?'.-;
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The educational systons in most societies"are expected to ' ^ 
perfonn a multiplicity of functions. In broad oiltlina^^ can distinguish ' 
the selection function, namply the job of channeling youth in the ditpc^ - - 
tion of appropriate occupational and other adult roles, an^ the sociali

zation function, namely the preparation bf youth for the 'performance of

Chapter 1. IffTRODUCTION
ft.

/ #V. .

■ -1

\

s
V.

■
their adult roles. A major element of the socializatipn'function is the 
transformation of labor characterized by one set of skills and mode of . 
economic behavior to labor characterized by different skills'and behavior. ' 

To- the economist, the educational system is an aggregation 
of production processes, each of which uses a variety of inputs (both * ' 
human and physical) to transform raw materials (the uneducated) or 
intermediate goods (continuing students) into an output for which.there 
is a demand.^ The efficiency of this system as a produce^ of educated 
labor is the subject of this essay.
1.2. The Necessity and Scope of Educational Planning.

Most communities have recognized the need for govemdent 
intervention in the educational system; From the economic standpoint 
the long period Of production and the very great durability of the out- 

. put alone provide adequate justification for She exercise of some degree

■. ■ :■!

• -

'4

\
'■V ■■
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ers good^ "education". SeeI. The systen concurrently produces a 

belowp section 2.2.
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^ of conscious social cOTtrbl'over the allocation of resources in the• I •

educational systen.

Tie major economic problems of planning resource allocation 
for.the educational sector

a< the determination of the total
are:

amount of resource use; ■-
b. the distribution of the total among the different educa

tional institutions-or groups of institutions;
c. the choice of the productive techniques in each mroducing 

unit; and

d. the choice of importation_versus domestic production of
educated labor. ^ '

Solution to these four major problems determines the'pattern' 
of student enrollments and the use of teachers and other resources 
throughout the system.^
1.3. Present Educational Planning Methods.

There is little agreement among planners and economists as 
to the best educational planning methods.^

In terms of actual application, however, one.general* group 
of methods is by far the most Important: this is the manpower require- '

r t-
\ ■

.V

*

4

\
1

\

2. In a more comprehensive treatment, the problems of the efficient 
utilization as well as the efficient production of educated labor should 
be considered.

'■S

g'^eral review of a nuaber of planning methods can be found in.William 
I G. Bowen, "Assessing the Economic Contribution of Education: An Appraisal 
^f Alternative Approaches," in Economic^Aspects of Education (Princeton: 
Princeton University Press, 1964); and Russell G. Davis, Planning for Human 
Resource Development: Models and Schemata, (forthcoming).
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uents approach. . Because of.its widespread use, ifs distinguished.
proponents, and the significant differences between it and the method . •<

, proposed in the chapters below, it is useful to consider an^putline 
of this method and some'of the major criticisms made against it.®

Although there is considerable variety within what may be* U' : --.-3s
termed the "manpower requirements school," all of the major versions 
rely on estimates of th«''type briefly outlined below:

" a. an estimate of national income at some target date 
(or at a number of dates), usually disaggregated by sector. This . 
estimate along with estimated labor input coefficients allows:

.*

'•1
•4'"

. -V*

/l;*‘

^ i:
.b. an estimate of the target year total labor force .

[

classilied by occupational group and generally by sector. The
■■■

estimated distribution of educational atta'ihments for each occupa

tional group and estimate (b) is the basib for:
'm*

7 ■4. While adherents of the approach relying on computations which relate 
future streams of benefits and costs of particular types of_education 
have made sig^^icant contributioie to both the theoretical and,empirical 
literature oneeconomics of education, I am aware of only one attempt to 
employ the approach in a direct policy advisory capacity, namely: Carl
5. Shoup, ^.a^., The Fiscal System of Venezuela, a Report of the Commi
ssion to Study the Fiscal System of Venezuela (Baltimore: The Johns Hop
kins Press, 1959), pp. 406-409.
5. Three major variations on the manpower requirements theme are Jan Tin
bergen and H.C. Bos, Econometric Models of Education (Paris: OECD, 1965), 
which presents a revised version of the model proposed by J. Tinbergen and 

'Ti. Correa, "Quantative Adaption of Education to Accelerated Growth, KyKiyi^, 
Vol. XV (1962), Fasc. 4, pp. 776-786; Herbert Fames? Forecasting Educational 
Needs for Economic and Social Development (Pari%:' OECD, 1962), which pre
sents the methodology underlying the OECD's Mediterranean Regional-Project 

. on educational planning; and Richard S. Eckaus, "Economic Criteria for 
Education and Training," Review of Economics and Statistics, Vol. XLVI- 
NO.-2 (May, 1964), pp. 181-90.
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r c. an estiMte of the maber or workers witt each type of r. 
educatibnal qualification ia the teraihal year labor force..®. 
iBwrder to relate the infoination contained in estiaate (c) to tKe 
resulting necessary educational enrollments and outputsr a further 
estimate is made, namely:

f

l

\ *
d. the existing (base year) stock of each type of Ubor 

classifi^. by educational level and the expected rate of rvikement, 
imaigratibn, and emigration for each type of labor.

The manpower requir<aients approach has been widely accepted 
and at the same time; subjected to considerable criticisa. 
ing shortcoaings of the method are probably the most impoitanr.^

First, there are

■ .*

■ - m
' ■ -FPThefollow-

• ■1^ '
•k .)•'

serious methodological probleau bonceming . 
the concept of a manpower "requirement" or a "shortage" of any given 
type of labor. To specify that a given number of personnel of type 
3SCy are "required" in year t implies that the elasticity of substi-* 
tution between and all other inputs is zero, anq that in addition, 
the elasticity of demand for toe outputs produced by^ L 
If either of these two assumptions does not hold, the demand curve for 
Lx wUl liave an elasticity greater (in absolute value) than 
in this case, the amwnt of labor demanded will depend.

«

is also zero.*

zero; and
aaong other

B
a

(referring to both toe original with Correa and the/ 
revised edition with Bos) estimates the educational composition of the ' 
labor force directly from the national income figure^without reference * 
to the occupational structire of the labor force.
7. The ^n contributors to the manpower requirements approach are well 

®* *'‘**«*'“>rtcodings; in fact, a number of penetrating criticisms,'•• 
of the approach have been written by-economists who have contributed 
significantly in its development.
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things. 01^^ its own eric* and that of near, substitutes (if any) and the
ij:

, price of the Output to which it contributes, and the price of sutstitutbs 
for the output (if any).® ■i

Where it can be argued that the input of labor 
(L^) depends not only on the level of. output, but, also on the price of

4
(L^j(and hence, on the supply of available).® the manpower require

ments approach becomes untenable. as the "requirements" for each type 
of labor are in thisVcase not independent of the supply.

writers have commented on the difficulty in giving the
any operational meaning in ter^s of 

*“"“"y is J>ot charactersed by production 
potions with fixed labor input coefficients. Cf. especially OECD
sia« o™Jhe "Technical Evaluation of ^he First

Meditananean RegioiTal Project" (Paris: May. 196S). pp.
'i’ Leibenstein, "Shortages and Linluses

in Education in Underdeveloped Countribs: A Theoretical Foray " a
ChirLn"’®!®"4f^..*x on Education and Economic Development.

4-6. 1963 (Mimeographed.) In addition. P.J. VerdooTin '
4 Projections." Econometrica. Vol. 25. no. •
of^fS^ed®lnn.^t® **“ riTaiionship between the use
Of fixed input coefficients production functions and the appearance of 
discrepancies between the supply,and demand for IqBqr and other factor/ 
See^especially p. 432. G. Stigler and D. Blank [The Demand and Supply ' 
flsfr-^on 21 1"®.°""®! (New York: National Bureau ofTHSiToil? Rifli^ch.
Prici’RiLs? th Shortage and
Voi N % Case.^pterly Joul of» Economics.
Y . LXXIII, No. 2 (May, 19S9), pp. 292-308], have dweToped Sefrnifions of ' 

presuppose an elastic demand curve for labor, but
absLt ih"® ! ® “°Yement of wags, a variable conspicuously
absent from the work of the maiu>ower requirements school.

that the supply of L* has some impact on its price, i.e. 
that wage controls and-other rigidities are unimportant.
h.„ surprising that users of the manpower requirements approach
^profcTis dLJ-t^^'^i*'®®,® ®«®cts,"since t2e ration:!:"^^^^
a?re"d?g“erin“\tt"th1: “

■; -i!

V

10.

tvoes of laho.. 8®?®“6®® “ “"IRU® set of demands for various
n^n the educational system must be adjusted to supply..."

CD. Directorate for Scientific Affairs. "Technical Evaluation.... p!,32.
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. * recent pieces.of research have.cast the fixed .labor '

i^t coefficients assumptions requixed h* the manpower requirements 
approach into question.; First, work by Arpow^ Cheneiy, Minhas. and Solow' ' 
and Miilasian

>

ft.

i an elasticity of subs1;itutti.on between capital end ■ •

^ laborjdilch is significantly diffetent^froia zero ih virtial.^ ai; jof thd
ind.«tri.s studied, l^e median obseri^tiins were muchdl^ef to -1. ; ; Ir

■ althq^^,in many, cases Kere significantly-d'ij^erent from.that figure.- ^ 

'S^oi^, studies based on engineering data .provide evidence of a considerable' 
range of-substitutability between categories of labor classified by level V 

'^''‘of educational

suggests

■y

.V.attainment. Third, Houthakker has demonstrated that 
where each individual firm operates with a fixed input coefficients pro-, 
duction function, the aggregate production function will have a non-zero 
elasticity of substitution if a number of assumptions are' fulfilled!*^^

even >■%

•I-:.;
■M

■ ;
I

V

11. K.J. Arrow, H.B. Chenery, B.S. Minhas, and R.M. Solow, "Capital-Uljor 
Substitution and Economic Efficiency," Review of Economics and Statistics. 
Vol. XLIII, No. 3 (August, 1961), pp. 225-250.. b7s. Minhas7^"lnter- 
national Comparison of Factor Costs and Factor Use (Amsterdam: North- 
Holland ^lishlng Con^y, 1963), pp. 17-26; and Jora B. Minasian, 
"Elasticities of Substitution and Constant Output Demand Curves>for Labor," 
Journal of Political Economy, ‘_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Vol. LXIX, No. 3 (June, 1961), pp. 261-270.
Lief Johansen has suggested the possibility that even where the existing 
capital stock requires a fixed input of labor,' there are substitution' 
possibilities with respect to increments in the capital stock,' "Substitu
tion vs. Fixed Coefficients in'the Theory of Economic Growth: A Synthesis," 
EconomBtri»«^ Vol. 27 (April, 1959), p. 158.
12. Cf. G.X. Boon, Economic ^oice of Human and Physical Factors in'Produc- 
tira: ta Att«pt to Measure the Micro-economic and Macro-economic~Pessibi- 

of Variation in Factor Proportion of Productions (Amsterdam:. North- 
Holland Publishing Company, 1964), especially pp. 105^72, 222, 253, and
319.

13. H, Houthakker, "The Pareto Distribution and the Cobb-Douglas Production ; 
(WK^^)^" ^*^*i7^3l of Economic Studies, Vol. XXIII, no.

1. -
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fi V: Foiorth, int^ational coBparis6iB^jth«>l*or to classified by

gfci^ationai by Rector, ind|i^e;^C«;^>s^^ substitution'-
.possibilities exist.Fifth, titoe iitS(^ iastobical evidence that 

; ,d!^en,j^^ aHd nachinrary coHsiiicrable factor sufe-
. 'Stitution M; possible^®**' '

= ;'?7:

f •

.Ji ;m■: ■ ?

I '*.w'
■r m

-}

'• ;
■ i

The too?* outliivs bf evldeTOe"c<aftifsu(y to'the fixed laa>i» ,vj;,; 
input coefficients assumption would be of limited interest were it .

■■ ■■■- i ■ . ' ■' ‘ ■ ■ ■■ '■■ , ■,' . ,

not for the fact that the results of thi tonpOwer reqdiremenf s'approach 'V, 
ap^'rently quite sensitive to a plausible degree of factor substir

■,i

are

tution in production.^® . : • _

A second major criticism of the manpower requirements approach 
is that, even if one know the precise occuj^iqnal ccoposition of the

14. Herbert Fames, Forecasting EducationaleKeeds..., pp. 90-97; OECD, 
Directorate for Scientific Affairs, "Technical Evaluation...", p. S2 
and Table V. The last cited itan presents an international comparison 
of labor input coefficients classified by occupation and sectcr, and * 
suggests that a hign degree of substitutability exists "for almost any 
given occupation in any given sector." Moreover, even using educational 
rather than occupational categories, A.K. Sen concluded on the basis of 
9-country comparison that there is "flexibility of educational require

ment's arising from the fact that there is considerable substitutability 
between men with different periods of formal education and also between 
educated men and other factors of production such as machinery." A.K.Sen, 
"Comment" on J. Tinbergen and H.C. Bos, "A Flannihg Model for the Educa
tional Requirements of Economic Development", The Residual Factor and 

' Economic Growth (OECD: Fatis. 1964), p.l93. .

15s See.Gustav Ranis, "Factor Froportions in Japanese Economic Development," 
American Economic Review, vdl. 47, No. 4 (September 1957), pp. S94-607.
16. A sensitivity analysis of the results of the Meditorranean Regional 
Project of the OJECD reports that "realistic substitution possibilities 
can make_imporfant differences in toe final educational estimates, that 
the educational estimates are, in fact, sensitive to possible supply 
effects On the conditions of demand for workers in various occupations." 
OECD, Directorate for Scientific'Affhirs, "Technical Evaluation....", p.61., :
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J. £6tce at the target date, this would, not yield a deteininate pattern
'^y-^£ educational enrollnentV because of the fact that there is no unique 

educational background required fqr thepperfomance of each occupation. 
Whereas^, in any given'institutional setting, the educational prerequisites
•for sene jobs (Oig. lawyer, doctor) are quite specific, in general there 

• are a variety of conbinations of education, training, and experience idiich 
'^“will produce the skills required for the perfomance of any given job,

, The large dispersion 'of educational attainments around the mean for each .4
)

occupational group is clearly demonstrated in the U.S,- Census data on 
education and employment. 18 *

The level of educational attainment associ- 
,ated with the performance of a given occupation is, in general,/not 
/ technologically given but the result of an economic choice. This fact 
further contributes to tlue interdependence between the supply and demand

r

17.
edmettii

a ^e, one occupation can be taken by people with different * 
onaffbackgrounds," J.Tinbergen, "Educational Assessments," in 

UNESCO, Bcenomic and Social Aspects of Educational Planning (Paris:
UNESCO, 1964), p.l8?; see also, OECD, Directorate for Scientific Affairs, 
"T*chni*ail Evaluation....," pp. '38-39; anM Frederick Harbison and C. Myers, , 
Education, Manpower, and Economic Gmowth (New York: McGraw-Hill, Book Co., ' :
1964), p.l86; and R.5. Eckhaus, "A Research Program on the Economic Re 
qulrements for Bducation and Training—Italy" (Cambridge: M.I.T, 1962 ); 
p.7. (Mimeographed.^

18. Even using a highly disaggregated occupational classification (494 
occupational groups) the Census Bureau found a wide dispersal for almost 
all occupations, even those with apparently specific educational prerequi
sites (e.g. the various categories of .engineers). U.S. Department of 
Ccmserce, U.S. Census of Population. 1960, Final Report PC(2)-1713 Occupa-

_ _ _ _ _  For similar data on Canada, India, Italy
and England, Wales and Japan, Cf, Herbert Fames, Fordtasting Educational 
Needsl,,," pp. 106-111. For a general discussion of this problem, see ■■ 
Herbert Fames, "Relation of Occupation to Educational Qualification,"'!^
OECD, Planning Education for EconosTic and Social Development (Paris: OECD, 
1964), pp.. 147-158.
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educational requirements for a job depend in part v! 
on the supply of various types of educated labor.

-^5

for educated labor;

Even if the shortcomings presented thus far were overcome.
C

the manpower requirements method would still be subject to a third crit

icism. The method does not allow the evaluation of educational pdicy 
choices in terms of the relative social benefits and costs of each alter-
native. The educational targets derived from the method thus have n«
direct significance as far as ^he efficiency of resource alloication is ' 

19Concerned.

■■■

This problem arises because:
a. there is no endogenous consideration of the 

ducing the "required" manpower^®
b. no attempt is made (o evaluate the benefits associated Mth . 

an increase.in the availability of each type of labor.
The founh shortcoming of the manpower approach is that it re 

lies^on the use of data which are either not generally' available to

costs of pro- «;
and

•

• f:

’ *

19. A.K. Sen, consenting on Tinbergen's aodel has suggested that "it is 
in analysing niniam educational requirements, rather than in clarifying 
optimum educational planning, that the Tinbergen/Bos models have something 
substantial to offer." "Comment", p. 197. William Bowen, ^Assessing the 
Economic Contribution...") is critical of the manpower requirements sohool 
on the same general grounds: ".. .estiisates of the future nusber of people 
with a given kind of training who are 'needed' or 'wanted' are rather devoid 
of meaningunless one also has a good idea of the relation t^tween the bene
fits to be obtained by having this number of trained persons and the 
involved in having them."(p.'36.0 costs

20. However, Robinson Hollister has suggested a planni)ig strategy which 
seeks to define a least cost configuration of education and training 
consistent with a projected future occupational pattern. (R.F.Hollister. 
"The Economies of Manpower Forecasting," International Labour Review, t 
vol.LXXXIX, no.4, (April 1964),,p. J85. - - - ^- - -
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planners* or not likely to be particularly 

-ain econcmic aggregates (total labor force, national income, etc.) is a
serious weakness if the method is intended for application in countriei

• * ■ ■

estimates of the rate of change, 
groups and industrial sector

accurate. The reliance on the
•--7;

-

with unJdrdeveloped statistical serwices. 
of labor productivity by occupational 
play a particularly important part in the method.Yet the existing 

productivity increase indicates considerable diversity both 
between sectors and over time in the movement of labor productivity, and

V i
'•'si

•wt--;

■ work on
t-

- Miattempts to explain these variations statistically have^proven somewhat 
disappointing. ^'1

The reliance on estimates of future productivity
■'4

■i

21. The movement from estimate (a) to estimate (b) on p.3 above re
quires the knowledge of future productivity trends.
22. See especially Jolm Kendrick, Productivity Trends in the U.S. .
(Princeton: Princeton University Press, 1961), pp. 151-164 and~p. 187. 
Using these figures for the output per unit of labor input grouped by 
industry, Kendrick found that the mean deviation of decade rates of 
increase in labor productivity from the secular rate of 1899-1953 .
was in some cases (faming) as large as the secular rate itself, and 
in most cases greater than one third of the secular rate. (p. 153).
See also J. Kendrick, "National Productivity apd its Long Tern Pro
jection," Conference on Research in Income and Wealth, Long Rfnge 
Econmic Projection (Princeton: National Bureau of Economic Research, 
1954). p. 67-106. A study of Japanese economic growth has revealed a 
considerable degree of variability in labor productivity: "Because of 
the largo differences in productivity, the pattern of employment does 
not change in the same way as the pattern of output." [H.B. Chenery,
S. Shishido, and T. Natanabe, "The Pattern of .Japanese Growth, 1914- 
54," Econometrics, Vol. 30, No. 1 (January 1962), p. 125.] The above 
studies deal with labor productivity defined for all types of labor. 
Hollister has pointed out the possibility that much of the variability i 
in the productivity changes in terns of the aggregate labpr input 
coefficients may ari^e^from variability in the inputs of reUtively 
unskilled labor or other categories of labor which are unimportant
from the standpoint of educational planning. (R.G. Hbllister, 'Tfe 
Economics of Manpower Forecasting," p..378.)
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^ national^lncome may be a serious shortconing, as it has been'shoim ~ 
that the results of at jleast one najor application of the juu^er require

ments approach are highly sensitiee to errors in these particular esti- 
-ates.”

,4-.:

. V

In order to be manageable a plMining method must involve a 
considerable degree of abstraction, and lAile the assumptions underlying 
the manpower requirements method undoubtedly do violence, to reality in 
numerous particular planning situations, planning methods outside the

^ 4

■■

*field of manpower and education have produced useful results on the basis
•h. ■ ‘ •

of similar, and, in some cases, more extreme assiaihilona•Thus, 
tdiile the above paragraphs have pointed out a number of shortcomings of ’ 
the man]j>ower requirements approach, there is a wide range’ of planning 
situations in «diich the method can be fruitfufl

f

lied.

a. The manpower requirements.approach is probably well suited 
to short run problems, for there is good reason tq^^lieve that the 
short run elasticity of demand for a given.type of labor will be less 
than the long run elasticity.

b. Particular sectors and/or particular occupations may 
correspond more closely than the entire economy to the assumptions used 
in the manpower requirements approach. In these cases the manpower

'i

■4

4.^

»

:■

» •

r %
23. OECD, Directorate for Scientific Affairs, 'Technical Evaluation...", 
p. 67.
24. The application of input-output analysis to rproblems of economic 
projection is a case in point. 1

/
- J

\ r

-
/«

.A•l.^- - -



/
K.

'/13. . /•
T‘* • -Ik

c. An/attempt to measure the economic benefits of «« ; . / X

a «anp<«er requirements analysis may g|r^4:/ /-/ ''

rough indi^tion of the likely position of "the <i»an<i curves 
at various future dates; in this sense the ’ ' ''

can be complementary to a more general method; embodying i compuis^ - j '

requirements method is likely to yield useful results.?®
. ¥■ ^• •;

process must rely on some estimate of the future demand for 
labor. The^sults of

/ ■ f.:Jv' i

of the benefits and costs of educational processes f-.

/ .■*r.■-?/?1.4 An Outline of Aims.
■•f'j . . - turiis,

The purpose of this paper is: first, to present the .major | 'f MV
economic decisions concerning education in the framework of cqnstrateod ; ^^ 
maximization (Chapter 2). Second. I will develop (in Chapter .3} a y' ‘ | ^ 

planning approach which;
a. addresses itself to the

■

concrete qilanning problems of enrol^-jiS

ments, changes in educational technology, and aggregate redoUrce use ^L|| \ 
by the educational system; ■ ' ■

b. facilitates the consistent treatmentoof the benefits and 
of the major policy alternatives;

c. allows for an economy characterizqd by a high ^egree of substi

tutability among different categories of labor and between labor and capital;

VKI

;•

•:
costs

J-1

%
Indimm'. Planning Commission has devoted considerable attention to 

studios of the requirements for labor with specific skills for (Aich the 
elasticity of substitution with other typos of l^oir was 4houAt to be 
low (e.g. engineers and selected scientific personnel). Seethe research 

<=»»•"■«>» of India, Planning Commission, "Unofficial 
List of Ma|or topower Publications" (New Delhi, Government of India, n.d.) 
(Hiaeographed.)

«'
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M
\

4

V:



ItH■»''5
« S' . :^ •>

V t’ ;■V -m13.

d. is not particularly sensitive to a reasonable degree of / : 
error in the nain parameters,and, which utilize^ information idiich' 
is either available or inexpensive to generate.

ma

Third, I will illustrate the above model by its operation.. -

■■ ' ' ■ . ■ ■ . - " ' ^using I^rthem Nigerian data. (Chapters 4t7.) - " ’ 's:
-\
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im#aChipt*» 2.' BCONQMIC BFFICIEIICY IN EDUUnON
r’S

This ditptMF i* • dl*diMl«B of 01 of tho oeetioalc oopoeu : 
of oducotlon and otitliiio of tho eonditloM for tho offteiont ollddo*

■

:d

tlen of xoooureos In tho odueotlanol tyotaa. Thli firot loetlea !•
■a introduction nd a clarification of a nudbor of pointa. In aoetion 
2.2 tho bonafita and coau of aducation aaa conaidarad. Action 2.3 ' '
ia a diacuaaion of tha traataant ^ hon-accaoaic banafita and coata of 
tha aducational ajnttaa. Saction 2.4 praaanta a highly aiaplifiad nodal
of tha aducdtloaal ayatad add tha acanoHr. Conditiona for tho afficiant

- . 4
allocation of roaourcaa ara darivad.

Bafora pxocaading, tha following clarificatiena ahould ba 
. nada. In thia aaaay, tha output of tha aducational ayaten will ba 

dafinad in ^£ana_pfji^ar^2.-aMdaMa..gndi>atad. Tha value of tha 
educational output will ba dafinad balow (aactipn 2.2) aa tha nat 
praaant value of tha education mcaivad. Than ara two eoncapta of 
tha danand for aducation. Tha fii^t it darivad fioa tha production 
functiona in tha aconoay; thia danand function ia aynonynoua with the 
narginal productivity fiiactiona for a^aeh typo of educational output and 
raproaonta tha danand by anployera for tha produett of the aducational 
ayaton. The aaeond cw bo called tha danand for getting an aducation,
and it ia a function of tha incena and tha prafaronca function of

%
tha oonaunar, tha price of education, and Ac axpactad future 
banafiu, nenataxy and otharwlaa, attributdbla to getting tha 
aducation ia !• thia aaaay, tha prinary anphaala ia on tho . .

•' i
■■ '-r
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type; the present vUlue of the educational output Its defined 
below depends directly on the future production functions inThe 
any and on the narginal productivity functions derived frontthea.

It is assunei in this chapter that the distribution of

econ-

ability among those attending school is identical with those idto 
did not. Thus, any difference in productivity between two types of 
labor classified by level of educational attainment is thp result
of differences in education. It is further assumed that the sqcial time 
discount rate is given and that it is not a function of any of the
educational or economic instrument variaBles when operated over the 
feasible range.
2.2. The Social Benefits and Costs of Education.^

■

a. The Benefits.
Any consequence of the educational system's output which 

results in an increase in total social utility is here defined 
benefit of education. As the utility function presumably contains 
many components it is useful to distinguish between those benefits 
which operate via the income of income-related terms of the atility

as a

1. The material presented here draws heavily on the worlcs below, -and on 
the works cited therein: T.W. Schultz, The Economic Value of EdmsxtiDn 
(New York: Columbia Univ. Press, 19633; T.W.Sdhultz, "Education and 
Economic Growth,"; T.W. Schultz, "Capital Formation by Education,"
Journal of Political Economy. Vol.UVIII, No. 6 (December 1962), pp. 571- 
83; Burton Weisbrod, "Education and Investment in Humqp Capital," Journal’ . 
of Political Economy. Vol. 7D, No.S,part 2 (October l£i62),pp. 196-233; H.A. 
Houthakker, "Education and Income," Review of Economics and Statistics,

' Vol. 41, No.l(February 1959), pp.24-28; Gary Becker, Human Capital: A 
Theoretical and Empirical toalysis with Special Reference to Education 
(New York: National Bureau of Economics Research, 1964); Herman Miller, 
"Income and Education: Does Education Pay Off?" in Selma Mushkin (ed.), • 
Economics of Higher Education (Washington. U.S. Dept, of Health; Education 
and Welfare, 1965)7 PP- 129-146.

•■w
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f^tlni^ snd those Mkich opwate on other coaponents. We will eell'-%* . ....
V

the fbiwer "econ^^c"~ahd the lntteT"non-econaBlc", although any 
-diphotoaous distinction of this type is bound to be soaeidiat ai^|nxy. 
This classification excludes froa the category of ''econaBd.c''benefits 
those consequences of education generally calldd "consuaption benef^sj' 
naaely, those which accrue to the.student in the fora of pleasure in 
studying or I'ater in pleasure in being an educated aan. and having 
access to the style of life open to those with education.

Econoaic benefits as defined here are measured by the . in

crease in an individual's social aarginal productivity resulting frea , 
his education. The social aarginal productivity of an educational 
output can be described as the total effect oa future national inccae 
attributable to the output's education, taking into account ihls direct 
contribution to output, as well as any external effects which aay exist.^ 
External effects of one nan's education include:

■■ I
■ ■ *

«■

,.■1^

»•
2. Although the articles cited in note 1 (above) contain anplb evidence 
of a positive association between years of schooling and productivity, 
there is not a sinple relatidship between education and productivity, er 
oven between education and the acquisition of occupational skills. A ^ 
large niaber of psychological and physiologicAl characteristics have an 
important bearing on productivity. (Cf, Hector Correa, The Econoeles of 
HvMn Resources (Amsterdami North-Holland Pu)>lishing Company';' ppT*
22-50). It should also be stressed that the question of increased pro
ductivity is not a sinple dichotomous one of being able or unable to 
perform certain jobs. Considerable variation is possible in the competence 
with which most jobs are performed so that education may contribute to., 
economic growth both by making existing jobs more productive and by faci
litating a change in the occupational structure of the labor force Towards 
more productive jobs. \

-.1
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■ *.. th«' effect of his education on ether's productivity either 
through his efforts as a co-wo^kor or nanager, or’*through a variety of ^ 
entrepreneurial activities;

'■1

t

. • sr
b. the effect of his education on social costs such as welfare ' ■4

mpaynents or police protection costs;
c. the external effects which are conferred on the parents or 

future progeny of the student (e.g. the custodial services of a school 
systoi).^

■-.rh

■. ^

!=M

«

Other types of possible econohic benefits are:
a. the reduction in the variance of incone received through

*■ '.4 f

greater ability to absorb new skills and to thus avoid skill obsolescence;

3. Cf. Burton Weisbrod, The Exteirol Benefits of Public Education, an 
Econoaic Analysis {Princeton^ Princeton University, Industrial Rela- 
tlons Section, 1964].
4. Jacob Mincer has presented United States data which indicate a 
positive relationship between years of schooling and likelihood of 
gaining adnlssion to on-the-job traininqg prograas. (Jacob Mlneer.
"On the Job Training: Costs, Returns, and Soae Implications,"
Journal of Political Econgiiy, Volume tXX, Number S, Part\2 (October 
J^62), pp. 50-79, especially page 59.) The variability of Incqpe 
^Kieved may be increased if the educational system concentrates 
oh specific vocational training rather than general education.

%
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■ *'■j
; b, the ;in<!r«ased mobility and. hence increased liiteUhoOd , - V - 

■ or remunerative employment t*ich is assbcikted with the acquisition . :

' of education and the means for acquiring more perfect laljor market 
information;^

'.■■V.-'T

5>-..

/
/

Q. thi economic effects of the research which is produced ' 
joint product ^along with thejproduction of educated men) in ^ ' Tas a

soae educatioMl institutions;
d. the improvement in the total productivity of the labor /I

force associated with the Actioning ef the educational system as an 
occi^tioiul selection,process.. '

in the application of the concepts discussed here (tee ^

Chapter 6), the only aspeifl of benefits which has been estimated . . .

is the increase in private marginal productivity.
There is no necessity that all of the consequences of the 

educational output will affect an increase in social utility: "Negative 
benefits" of_^oth the economic and non^economic type nay occur. A 
•"negative bemefitf'of education nay be defined as an aspect of the 
output of the educational system **ich results in a reduction of 
total social utility thrwgh its effect on income. A category of

A

• ••

A-

5. Items a and b are phrased in terms of private benefits; their rele
vance to social benefits is that both greater trainAbility and greater 
mobility and labor market information probably contribute to the alio- > 
cative efficiency of the economy. Cf. George StiglM, "Information in 
the Labor Market," Journal of Political Econw. Vol. LXX, Mo. S, Pt. 2 -• 
(October 1962), pp.94-10S. Larry A. Sjaastad, "The Costs and Returns 
of Huaan Migration," Journal of Political Economy, Vol. LXX. No./K Pt.
2 (October 1962), pp. SO-93.

1
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nagativ* banefits. which la ef censidanhlt ^iicy'iaportanca in .

' countries,, lis affect which,^ scquitition of aducatien nay have ^

, on attitudes towards perfomlng particular types of jobs or wbrking 
in particular geographical areas. , The resul^h/^^dttles in the 

' labor harket bftbn contribute to the prpblaP of unttploynent of educa- . ,

tod labor and ;.restrict'l^e allocative efficiency of the econony. In

19.-

V.:'

: j.

li'

particular. ©Ration* aay lead to inefficiency with respect to the-spatial 
ullocation^of labor (e.g. rurdi-urban)^ and the occupational distribu

tion of labor (e.g. white colly - blue collar,; civil syvlce - 
private enployy). Another econoniCally inportant type, of negative

\ : vv;.'. •

benefits nay arise if the spread of education is politically disn^- ' ^ *A

tive and the response of the goverment is an .increase in^^idlitary, ; ‘ J • ^
police and other unproductive expenditures.^

B. The Costs.^
; The cost of one student year is the Sun of the inputs valued ^ , -

t • ■ 'be
at i:heir opportunity cost, that,is, theu social narginal productivity, ,

?r'
V

i-

*

6. These and other negative benefits have received little;attention in »•’ S
the literature on education and econonic growth. See, however, Gordon 
C. Ruscoe, Drsfunctipnality in Jaaaican -EdiWtion (Ann Arbor: University 
of Michigan, School of Education, 1963)j andVJohn Vaisey, "Some of the 
Main Issues .in the Strategy of Educational Supply" in OECB, Policy

• Conference on Economic Growth and -Investment in Education, Washii^ten •.
October 16-50, 1961 (Paris; Olcff, 4962),p.S2. , ^

7. In addition .to the items cited in note 1 above, the following have 
'been useful in dlarifying the concepts of costs used here and in^chap- ■ 
ttt 5: The Appendix, "The Cests of Education,:;^?. 122-1» in the Weis-

' brbd article cited in note ene above; and Rudol^C. Bliti, "The Nation's 
. Bducational Outlay" in Selma Mwshkin, (ed.). The^jjtenonics^f Higher 
Education (Washington;' United - States DepartmenT' chp Health, Education ■ . ' - 4 
and Welfare, 1962), pp,' 147-156. ^
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iiutheir next best uses. or^t thei^ s<^ial ua^giiiel cost.
of education to the educational institution is not the relevant cost fig-

The cost

-■M
rlire, as it includes- iteais of private as well as social cost, such as 

feeding the students and perhaps housing and clothing then, services which 
if not.undertaken at the school would have to.be undertaken in the hose.

study are.the use

8

The major components of dire^ costs considered in .this 
of teachers' services, services of administrative and clerical personnel, 
educational materials, depreciation of the physical plant, and an Interest ^ 
charge on the cost of the physical plant. The indirect cost element'relates' 
to thewwithdrawal of students from the'labor force (or their retention in 
the educational system) for the continuation of their education. Students^^ 
time should be valued at its opportunity cost, namely the social marginal 
productivity of the student if he were on the ^abpr market. Measurement ' 
of the social marginal productivity ^ the student were hi?seek employ

ment, must include consideration of his prospects for being employed, and- 
the effects of his entry to the labor force on e((plo)ment and productivity 
elsewhere. a

8. Nataltaliy, if the margffial cost of these service; when provided by the
school differs from their marginal cost when provided at home, the difference 
(positive or negative)-should be attributed to education.

.1

9. It is sometimes suggested that the' relevant measure is the social marginal 
productivity if the students of all of then were to enter the laborsarket. 
Weisb^od pointed out that this implies the consideration of drastic policy 
alternatives, "...studies involving the costs and benefits of educitidn^ire 

' siireljy not directed to the question of whether there should or should n^ 
be education. The issue is whether fewer or more people should be en-/i 
couraged to go further in school. Only marginal chShges are being contam- - 
plated." (Education and Investment...", Appendix, p.l22). He suggests that 
the problem of unemployment of non-students'should not be considered at all 
in estimating the opportunity costs of students' ‘time, as the problem of 
allocative efficiency in education should not be confounded with the pcob- 

Oem of achieving full employment. This approach appears to be unfounded.
It is no more legitimate to assume full employment than toassume any.other 
level in calculating the opportunity costs. From the planning standpoint it 
makes sense to assume a range of likely rates of unemployment, rather than 
the most desirable rate.\ A*
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i«v.l j 'defined as:
j’

i'.i.- i*-’-■-T
■■

.>- X -t+12.2,1
■

t»l t«l
■■■■

where:

• the social urginal productivity of out^t j in tiae t;
• ' '• ■ f - - >

^i't ■ **‘® social Marginal productivity in tine t of an indi- « 
fo^L^°t*"l”*l*'^*lo“'’” *'** prerequislt«||»:

• the rate of social tine discount; ""

Ij -.the esiMscted working life in years fron the date of / ''f
•' graduation,fron activity j; ‘

- • : i »j • length of coia-se j' in. years:

K
■ *

i

? .

J?

. .' '4
The present value of the costs per student at level j, C

2.2.2
(l.i)*-‘•4 ■

t-1

■■ •/r

' , M10. It should be noted that for t£s.. - 0 andjyj ,^>. 0. Thus
the importunity CMt of withdrawing' students fron the labor strean 
incorporated here .kt a subtraction fron the benefits strean.

is *
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V‘iJ* ■ !!l" required aieount of input
one student in activity j in ti«e t.

Net benefits of activity j, (Z^),

and the net benefits of the 
ceaprislng ■ activities aye:

i to a
^5::'. .. .

are thus
..■C^

i«s.3
I-

--; • 4 .

' 'V ■

m%entire irfttcati,^ >yste» 'CZ*),

2.2.4 z* - Cv,-v..-cp
j-i-

''9mThroughout this paper the econo«y is treated as exogenous
to the n^el. The d«and functions for educatid labor .retaken as 
given; >eir position and shape^ do not d^-end on the pattern of edu- 

Likertsei the dost .functions for educationalcational development.
_ inputs are taken as given. !•

TV'r-m
2.3. The Treatnent of Non

-Econonic Benefits and Costs.
The analysis presented ^ this essay deals exclusively with 

costs of education. It should be_^the economic benefits and 
in many'cases, allocation of

Stressed that 
resources to meet non-economic objectives . @

reciprocal rel.tiins‘between
the educational

distribu-

«
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is considered by planners or by the public to be nore liqwrtaAt than '

econoeiic efficiency.

Proa both the social and the indivadual standpoint there 
a nuaber of political, social, religious, and other non-econoaic 
effects of education. The econoaically-efficient patterns of allo

cation yielded by the nodel. presented below are intended to be one
input into the planning process, in coapetition with other allocation 
plans based on non-econoaic considerations. At various points in 
the essay an atteapit will be nade to suusst how ^e results of the
Bodel based op pi^ily econoaic laaxini ration can be useful for policy

making in the presence of noneeconqaic benefits and (jphstraikts. 
However, the function of this abroach is not to def^pibe'ene socWly 
desirable pattern of allocation, but rather to clarify the.ecoi^c^ 
benefits apd costs of the educational choices facing a society^ 
although non-econoaio considerations often enter as constraints 
the maxiaiiatiOn process, no attempt will be nade tb integrate epoh- 
onic and non-econoaic benefits in the objective function, 
absence of a well-defined social utility function.

-V

m
or planners prefer-^ 

ence function, final decisions on educational planning must result
froa the political iprocess.
2.4. An Illustrative Model of the Educational Systea and the Econoay.

The nodel developed below will serve to elucidate the prin

ciple of the efficient allocation of resources with respect to. the',' 
najor educational planning problas presented in section 1.1, namely:

m
U/

* •
\
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». the det«niiu?cion •£ the total resource use by ‘ -

tional systea; - “ ■

■24. /•

T

b. the distribution of this total aaong the different eduta-- 
tional Institutions or groups of institutions;

»
=• ^ choice of productive techniques in each producing unit;

4* the choice of doaiestic production versus importation of 
educated labor.

This illustrative model will serve as the basis for the planning model 
developed in Chapter S.

Consider an economy with three sectors, producing consumption
i'

goods, labor educated to level 1, and labor educated to level 2. j..

Let there be three factors of production, namely the two types oIE^

12 ^
labor mentioned above, plus uneducated labor.^ ‘ ' a

■ Let the production functions for the three sectns be:4'
2.4.1 ■«4c'«'2c5

- miii/-%l. Wl, *-21 Y 
1*01 *11 *21/

•it,.-
2.4.2 ••I «

* . - *»' ; r
^1.

V.

hi. hi. W
\*12 *22 :*02j •

2.4.S 4 - -1
% j

, y
Vi^

»
12. In order to allow a geonetric presentation of the nodelp it has 
been assuned that the^)klucated labo^ is msed^^onl/ as an input into the 
educational production process. Efficiency condition derived frcn a 
model^ in tdiich uneducated 'labor is an input into the consmption goods 
sector are presented below. The addition of a capital goods sector 
and the aogaen^tion of the production functions to acccaaodate inputs 
of capital would not alter the general results derived^elow.

L
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. akwa; ^
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" - the output of laboreducated to Iwel iy

- the aininai requireaentoof labor of level i to allow ' 
^ oite unit of level j enrollaent^

■■■mm mu■-I-;., .fjIf'
■■

>
.t-~ ■■ i{>

• ***• “"“t of l«bor of type i allocated to sector j. ;

i - 0,1,2 
i - l,2,c

Tbe subscript c refers to the consuaptibn goods sector, the ' 
subscript o refers to uneducated labor. • . '

. r. .-li

,. the production function for consiaqitlOT goQdvbe chatac- ;4 :?C^H^^^
teriied by a non-zero elasticity of substitution between the fictor ' # ' ^ S

inputs. Tl^^j.ts depend largely on^e teacher htudiMt rStios in 
the sysim. Joth ^catlonal sectn^s. are coaplete in that they 
both draw student Inputs froa tho pool Of uneducated labor and 

coaplete ;tho educationpr-process with^the saae sector, 
is addressed to the allocation prbblea for a single tiae period; 
production is tssvmed to take place instantaneously; and the'educa 
tional outputs have a wor|(iag life of one period.

; 13
The aodel ■ ^ .,.i’

i
’ /

* The choice of an aggregate production function eabody^ •; 
non-zero elasticity of substitution between factor iiqxits is based
on the merature cited in note 11, p.6 . The use of fixed coeffi- '

cleats productioa fuactiens to describe the educaAonal production i
V:. i

13. Thus there are ae fleas ef coatlaaiat students Ifrea one level to - •
another.
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functiphs era b» d^iMdbd’on two

While considerable subs’titutability of inputs nay in fact,be 
possible friSii a pedagogical standpoint, many educational ^- 
ministratbfs think thap at any given tira the appropriate 

- input coefficients are roughly fixed and insist on a common 
educational process in all schools of the same type.^^ Con
ventional ideas^on the part of professional educators concer- '• 
ning the rela^on of specific inputs to the quality of output 
are very often reflected in government regulatioiB or legal . 
instruments, thus insuring considerable uniformity in the pro- .. 
duction processes of the individual educational establishments.

b. Aflocation decisions in the fidld of education are often pre
sented as choices between production processes embodying fixed 
production coefficients. - .

Cy
The problem 4s to maximize t^ output of consumption goods; ', ^

9 Sljbject to constraints on the use of educated labof'and a- ' ,* Vj? ^

f

■-X
• . total labor constraint, namely to maximize: ,

f-
•f',

e -f(4c'4c5 '2,4.4a
•N

A
subject to: 1

t. r..:

■ *12 , ^ -; 2.4.4b ' V i

^ ■:2i’. 2.4,4c'

•" «
2-.4.4d

'where:

' “Olh * ‘‘02 . ^2 ^ r - .J
■'i

• -f
* •'Ic ° production'of Lj,*'1 ■ hi + L . -I12

14. For an analysis of the resistance to changes in the educational produc
tion processes. written by an; experienced educationalHdiiinistrator, see 
C.E. Beeby, "The Conservatism of Education: Its Meaning for Planners'* 
(Cambridge: Center for Studies in Education and Development, 1965) 
(Mimeographed.)

jf

• 4
\ ■ ■

4

^ '4^-
- -Ay..'. ■A<
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*
; Lg - total .'ani^t of iii).educated lator available. 

Where the production function 2.4;'l has the following: 
properties.

.i - t,

■■■-"iai•:i«.
,? -

--•c.

^4
■ 4 » 0 • 0Tf: *4cIc . 2c • '*■"]' »

\':m-^4 i4_ • 
.<^4c

k£ - 04 ^4c ■ “

';:j the naxinand is similar to the objective function in chapter 3 (equation''s»| 
3.2.1). A more plausible set of properties for 2,4,1 is tluit of 

are negative but constant.^®'

- :t4; •

?■

^4 lO.:..-->,•
and 4.

J-I-29
These properties imply downwards sloping, linear demand'fiinc- .. ')f

- * *:-■■■ V
tions for educated labor. While solution of the maximization problem

. embodying tfie result^ quadratic objective function and the iinear^^-'
■ constraints 2.4.4b to 2.4.4d is possible,^*
the objective ^tion has been uSed in the empirical applications of 

, j'--. ' . 4 ' ■

the model, so as to-simplify the computational asjjects of .the:.problem,

■A

the linear fomrulation of ■: •.
-V

r-f

li

IS. The cross partials«are assiaed to be zero,' as above. This formu
lation is more consistent with the isoquant depicted in figure 2.4.1.

<fc

16. A number of solutions tbisimilar problems are pretent^ in John C. 
Boot, Qu^ratic 
pany, 1964). See
dynamic Policy Problems" in Bert Hickman, -(ed.). Quantitative Planning 
of Ecoi^c Policy. (Washington: Brookings Institution, 1965), pp. 18- 
42, and the literature cited therein.-

Progr
e alsi ing (Amsterdam: North-Holland Publishing'Com- ' '

so Henri Theil, "Linear Decision Rules for Hacro-

, .

*' . / 1
i•

• ■ ■■\
. ia
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Figure 2.4.1 is a geonetrical presentation n» rt- "Hr 11. ’ >

Inputs are represented as negative outputs, and the length of the pro? J'-Si^ 
duction rays is liaited by the constraint 2.4.4dP In, exiidfant ‘

producti^ function for is expressed as a ray from tile origin. Ob.
The slope of Ob is -a^^ / (l-Bj^. Thus if a^j - 0. U.e. if no level 

^1 labor is used as teachers in the Lj production process), the slope,
.'^of Ob is equal to the negative of the ratio of level 2 teachers to ^ 

level 1 students. Point b represents the total production of Ipyel 1' 
labor if all available uneducated labor were expended in producing it 

(a^jLj) =°“W be obtaiijed. 
a ray analogous to Ob rep^sents tl^ 

tion function for the education of L^. The slope Oa is equal to . ' ^
-^^-■^22)

“12 : , “

3. .

V

1
IV tW

t

> 'i:-and if the level 2 teachers 
In Quadrant II.

A.

. A production possibility schedule can be constructed by ’ -
%

connecting a to b. The area defined by Oa'b’ is the production p*ssi-. ;
’ • ■ ■ ' ft ■■ •

bility set obtainable to the society in the absence of °intemationai ■e-

■ flows of labor.
»t'

17. The geometry is adapted from Robert Dorfinan'.' Paul A. SanuelSon. and ■ ^-5 
Robert M. Solow. Unear Pro^auming and Economic Analysis fNew York:
McGraw-Hill Book Co., igssy, Pp. 215-224.
18. In order for some configuration of output to be feasible (i.e. for* 
ab to pass through quadrant I). the following condition must be

-“12 . ■

j

met:

1-a
11

>0. or (l-a^j) (l-a^^) >0120^^
1-a■*21

Cf. D, Hawkins and H.A. Simony "Note: Stnae Conditions of Macro-Economic 
Stability," Econonetrica/.^Vol. 17;(July-0ct. 1949), pp.245-248. This con
dition is certainly not violated for any plausible values for the teacher- 
student ratios.

22 t

i.f.

4
\ .' •f''..4t
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. jj

The isoquants based on the production fimction 2.4.1l;8ppear

; i« quadras I.
!» . .. *^ .' .fl

Conditions for the efficient allocation^ of resources can
-I

be der^ed froa the nodel. 
element of row j of (I-A) 
matrix

*ij J*1.2) represent the i
irtien I is an identity matlix and A is a 

of the a^j coefficients.• Ay is thus the total direct and in

direct use of labo>-if >«ype 1 ro<iuired for the delivery of 
of type } labor to the codtiaiption goods sector.^®

r

I
fW:i
■ ‘ i*' s 

^0

,■ '"' f®

one unit

Since:

2.4.Sa h ‘ * *12^2c'

‘‘2 ■ *2l‘'lc * *22‘‘2c . 
we can restate the problem as:

naxiniie C - f(Ljc'‘'2c^

• ■>

2.4.5b

-.®.=

2.4.6a

subject to l„ . *
•U

2.4.6b

The relevant Ugrangean expression is then:
2.4.7a naximize

. . f.
-i

V v
C* • fdi^.Lj^) - A tC«0lAii*«02*21>'‘lc*(*0i*12S2*22’4c-‘-0l • 

Mfaich yields th* following efficiency conditions:
2.4.7b ^ c

• A [»01*11*»02*2iJ

"3i
19. Deliveries of labor to the consunption goods sector Arrespcnd to , 
the net output, namely the gross output minus the imtra-educational 
Of labor. uses

9 V-

.ir%

'1.W1\
a •.ft.
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2.4.7c 'ir C 
>*•20

•^*01*ll**&2*2llhc*I*01*12'^*22^^2c * S

Equations 2.4.7'state that the allocation of to the pro

duction of consuaption goods should be extended until the marginal 
productivity of Lj {i«l,2) in the consumptiqn goods septor is equal 
to ^ times the total direct and indirect uses of the s^cerce primary 
factor in producing an additional unit net output of Lj. X c®'* I*® 
interpreted here' as the total effect of an additional unit of uneducated 
labor on the production of consumption goods or the shadow price of 
uheducated labor.

“ ^ [»01*12*‘02*22J
J-

2.4.7d

. Condition 2.4.7 Will be fulfilled if, and pnly if, the
-

economy and educationAl system operate at a point (e in figure 2.4.1) -

where the isoquants tl^e production of consumption goods 
tangent to the produetipn possibility frontier for educated labor,** '

' namely where:
2.4.8 V' i C

are

°o/ll%/21 _ _ _ _

“01*12"'®02*22 **‘•1

Equatllon 2.4.8/expresses the condition that the marginal rate of sub

stitution in the production of ponsumption goode^^mustiibe equal to the 
marginal rate of transformation between level .1/ labor and level 2 labor. 
At e the gross production~oI^abor of types 1 and 2 are L?L, and L?L;: 
respectively. Net production is equal to OL^ and OL^- respectively.

It can be shown.that the efficient solution requires that, 
the shadow price of labor of type i within the educational system diist

“4i-c L. '

' >4c

I

>
k
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2.4.7c

h 4c

•^Vi4i**M4i^4c*fVi42‘*^42^4c * 4

Equations 2.4.7'state that the allocation of to the. pro

duction of consumption goods should be extended until the marginal 
productivity of (i=l,2) in the consumptiqn goods septor is equal 
So ^ times the total direct and indirect uses of the sbarce primary 
factor in producing.an additional unit net output of Lj., X 
interpreted here' as the total effect of an additional unit of uneducated 
labor on the production of consumption goods or the shadow price of 
ujleducated labor.

• >1 taoiAj2*ag2A22]?; ¥ <

2.4.7d

can be

.'.
, Condition 2.4.7 Will be fulfilled if, and pnly if, the

economy and educational system operate at a point (e in figure 2.4.1) v, 
where the iso4|uants f^ tl^e production of consumption goods are 
talent to the production possibility frontier for educated labor,*

' namely idiere:
2.4.8 '' i C

't

.'Vi':-

^01^1*^02*21_ _ _

®01*12'*®02*22 ‘*‘•1

Equation 2.4.8 expresses the condition that the marginal rate of sub

stitution in the production of consumption goodm^^mustx be equal to the 
marginal rate of transformation between level 1/labor and level 2 labor.
At e the gross productiMToT-labor of types 1 and 2 are L?L, and L?t-

' 1 1\^ . 2 2
respectively. Net production is equal to OLj and OL^- respectively.

It can be showimthat the efficient solution requires that, 
the shadow price of labor of type i within the educational system must

dL2Vc- / -^4c ■!9

••

i■M

1

1

L

\ •' *
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be equal to its marginal productivity in the consumption gods sector’. 
Rearranging the terms of equatioh 2 
2.4.9a ^ »C ^0l\l*°02*21

^‘‘Ic ^4c ’ “01*12*®02*22

J-C_ ^0l'^12*'^02*22

ic ■ ^01*11*“02*21

2.4.8, this condition can be expressed:

r
2.4.9b

^^c

righthand side of the equation is the shadow price of i level labdr 
(iai,2) within the eftucational syst«n, or its net

v^L
•• .i.;

in the production of labor educated to level

t“01*ll"*02^1^ ' ^“0i'^12"“02*225

is the negative of the slope of transformation curve ab. Thus where
equation 2.4.9 does not hold, for example where

“01*11**02*21 , 
*01*12**12*22

A_C_
’'Ic ^Sc

it is clear that a larger output of consumption go^ds could be obtained 
through the transformation of level 1 labor into level 2 labor.

j

In order to allow a geometrical p|esentation of the model the 
^ consumption goods sector has been depicted as using none of the primary 

factor, uneducated labor. Thus the total resource use by the educational 
is given. Analysis of the optimal total resource use by the 

educational system requires a model in which 
C .

To Simplify the presentation only the resulting efficiency conditions are ^

s. syst(

2.4.1*

\
*e-.
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^^ented here, namely that: 
2.4.9c

■

4i' ' V.
'^...

.X»0'l?ll'*‘02*'21>‘^ ' ^ 
& ^2c

^ C
^ *“00 ^ *"10 .■'■■if!.

■ -J
The model has been used so far to derive conditions for the 

efficient total allocation of resources to education and the optimal
■i

I
disiltibution of these resources within the educational system. The 
third major category o4 planning decisions (cf p24 above) is the

It is clear that the efficient allo- 
simultaneous solution of tli^ problems

choice of productive techniques. %

cation of resources requires a 
concerning the quantum of resources devoted to'education, the distrl-

■'.{i

bution of resources among the various educational sectors, and the 
choice of educational technologies.. A solution fcan Be obtained within
the framework of this |odel by,.defining an alternative production pro- 

for L,,
■■n

say..cess

fioi.^!iL. L.

element' in row 3 of the (I-A)‘^ matrix

i
21, ■ .i.-'r 4L* s min2.4.2*

■Letting A*^ represent the i 
incorporating production function 2.4,2» above, wo can define a decision s

i
\whenrule for the acceptance or rejection of the new technology:

2.4.10a
*01*11 * “02*21 < “01*11 * “02*21

The decision rule specifies the choice ofs«.

accept the new technology.
technology in which the direct and indirect uses of the scarce pri-

\
the

In geometrical terms, the technology (2.4.2*) 
should be accepted where b*, the terminal point of the production ray
mary factor are minimized. i

4 :

\
4

4

f . .1
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representing the new technology, lies above the existing production 
possibility frontier, ab. For b* to lie above ab the following cnn- 
dition must be met;/ Ar ~

2.4.10b ^01^11*,°o/21 \ ^01^11*^02*21

*01*12*®02*22 ' ®01*12*®02*22
or the slope of ab' must be ItJss (in absolute value) than ab;.

The fourth major category of planningpdbiems referred to 
above concerns importation versus che domestic production of educated 
labor.

r

"•V20 . eft
V

\
,/

The decision rule in this case if very simple; import educa

ted labor as long as the cost of iaporting (in terms of the required ^ 
export of C goods in payment) is less than the marginal productivity ' 

Where is the cost of importing, one should importof the labor.
level i lelor if:
2.4.11a

^‘'ic

or what is equivalent, if:

%> X.

-V
a -A *3. A

X c oi ii oj ji 
X L a A ♦ a A

jc oi ij

2.4.11b

oj jj* .

The expression 2.4.11b states that where the shadow price of i loveT'- ' ;
. i

20. Conditions 2.4.10a and 2.4.10b are identical. Where the niaaber of 
primary factors exceeds 1, a general decision rule suet involve consid
eration of the production function for 5. An optimizing procedure can 
be used to compare C, the maximim C obtained using the old technology 
with C*, C**, etc., the maximum C obtained using a new technology or a 
combination of new technologies.

*

4
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r^nresenting the new technology, lies above the existing production
possibility frontier, ab.

' Tidition must be mety^-

For b* to lie above ab the following cnn-
r ~

“oi*ll*“o/21 ■._ _ ^ ^0Ai*^02'^21
02*22. ' ^01*12**02*22

2.4.10b

. *01*12** r •

*w' . ■

.^0 •or the slope of ab' must be less (in absolute value) than ab
,The fourth majot category of planning |f5biems ref^red to -

•v

/above concerns importation versus cHe domestic production of educated 
labor. The decision rule in this case if very simple: import educa

ted labor as long as the cost of importing (in terms of the required , 
export of C goods in payment) is less than the marginal productivity " 

Where is the cost of importing, one should import

I

of the labor.
level i labor if:
2.4.11a

> X.^■-ic

or what is eqiuvalent, if: -V
t .■a .A * a A 

oi ii oj ii
X L a A + a A 

jc oi ij, oj jj-

The expression 2.4.lib states that where the shadow.price of i ievei- ' '

2.4.11b
7'i ;

■

Si •

20. Conditions 2.4.IQa and 2.4.10b are identical. Where the niAber of 
primary factors exceeds 1, a general decision rule muat involve consid
eration of the production function for C. An optimizing procedure can 
be used to compare C, the maximum C obtained using the old technology 
with C*, C**, etc., the maximum C obtained using a new technology or a 
combination of new technologies.

\
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labor within the educational system exceeds the cost of importing, i 
level labor should be imported.

The above efficiency conditions illustrate the concept of 
economic efficiency in the educational sect^ used in this essay. The 
/tiodal suggests a niaiber of applications, some of which are developed 
^in part tw<>of this paper., (he next chapter presents an elaboration 

” of the basic model which attempts to take into account a number of 
the complexities of-actual planning problems.

■< .

iv--

I 7, . -r'

*
'■ A..

.*

• .

21. In terms of the geometry in figure 2.4.1 fhe possibility of impor
tation- of teachers allows the consideration of solutions in the pre
viously 'tftfeasible Ilnd and IVth quadrants. For example, if teachers

• with level 2 education can beljmported, activity 1 could operate at b 
’ and deliver OL? t» the consumption goods sector. Solutions involving 

a t^porary deficit for some types of labor may be important in reach
ing an efficient intertemporal Solution.
22. Consideration of a number of limitations of the model will be taj^n 
up in sectioi^ 3.7. N

%

V .
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labor'Within the educational system exceeds the cost of importing, i 
level labor should be imported.

The above efficiency conditions illustrate the concept of 
economic efficiency in the educational sector used in this essay. The 
model suggests a number of applications, some of which are developed 
in part two of this paper. The next chapter presents an elaboration 
of the basic model which attempts to take into account a number of 
the complexities of actual planning problems.

►

f •>•
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.
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21. In terms of the geometry in figure 2.4.1 the possibility of impor
tation of teachers allows the consideration of solutions in the pre
viously infeasible llnd and IVth quadrants. For example, if teachers 
with level 2 e^cation can be imported, activity 1 could operate at b 
and deliver OL* to the consumption goods sector. Solutions involving

types of labor nay be important in reach-a temporary deficit for some 
ing an efficient intertemporal solution.
22. Consideration of a number of limitations of the model will be taken 
up in section 3.7.
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Chapter .

A PLANNING MODEL FOR THE EFFICIENT ALLOCATION OF RESOURCES IN EDUCATION

The planning model presented in this chapter is addressed 
to four basic economic questions involved in educational planning',
namely, what amount of society's resources should be‘devoted to the "

how should the total resource use be distributed among various types of educational 
educational system/ what educational technologies should bfe choseb, institutions.

and what is the optimal level and composition of the importation of
educated labor.

!

Most of the analysis in this chapter is based on the prin

cipal of maximization subject to constraints, 
that it differs from the

It is in this respect
planni^ ^proaches describdd in Chapter I, . 

The objective function expresses the"contribution of the educational *
«

system to future national income. The constraints include the usual, 
resource constraints and additional boundar'y conditions.

variables available to,policy makers i^lude quantirtative instru

ments which allow continuous variation, for example, enrollments and 
resource use itvarious educational levels, and qualitative instruments 
which require discontinuous or institutional changes. Examples of the 
latter are choices involving educational technology or changes in the 
structure of the system. The instrument variables have been defined 
so as to correspond to the actual pelicy instruments available to *•

The instru-
ment

?• .

i-
St,.

most governments.
The model encompasses a. number of periods, so as to allow

t
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consignation Qf the intertemporal interrelations in the educational 
system. Time is regarded as disclu^nuous in this chapter; the period 
used is one year.
decisions (e.g. enrollments, and allocation of resources within the 
systmn) occur discontinuously—once every academic year—and educa> 
tional input^are generally contracted for a full academic year.

Educational outputs,, as well as most major educational
t

Devel

opments during a period represent the implementation of ^the decisions 
taken at the beginning of the period. Thus the methodoXogical require-

♦i*

ments for the use of period analysis are met.
The discontinuous nature o;f most educational decision

making makeis it possible to operate the model on a sequential basis.
If the planning period is n years, the model can be operated in year 0 
(the base year) and the'results for the year^l...n computed. Only

the enrolImants and allocations for the year 1 must be acted on at that 
■ ‘time, so that at the end of^year 1 the^model 

, incorporating new information on either the production processes 
present values of the educational output.

can be operated once more,- a

or the
The results for the n year 

period years 2.,.n-»‘l* can then be calculated, the values of the. instrument
N

variables for year 2 acted upon, and the process continued.* f
f.

, d.- Operation of the model in this manner is probably a good reflection of '
the actual policy-making process which proceeds from year to year rather 
than on a once-for-all basis for an entire n-year period, 
allows the efficient use of new data.
avoids the necessity of acting on the values of the instri^ent variables 
in the later years in the planning perii^ whiAare presumably sensitive 
to the soaiewhat arbitrary terminal conditions.' 'Cf. section 3.5.

In addition it 
A further advantage is that if

1
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The objective fxmction and the constraint, equations are pre

sented in sections 3.2 and 3.3. An outline of the structure of the model
is presented in section 3.4; and the problem of the teiminal and initial 
conditions is discussed in section 3.5.

^4?
Section 3.6 is a discussion of

the properties of the solutions on the model; and section 3.7 is a 
review of some of the assumptions employed and limitations of the model.

i

>
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3.2.?he Objective Function
The objective function used in this model is based on the

principle of maximiiation of the present value of the output of all 
levels of the educational system over a number of time periods*. This 
amounts to maximizing the contribution of the ed • ational system to
future (discounted) national Income. The objective function is as 
follows:^

■Z £. xPcyP-yP,_9P
j»i p«i ■' ■' ■'

2*3.2.1 )

where: • «
Y? ■ the present • -t^ue (discoxinted to year ’7 of the 
^ earnings 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 he not received 
education at activity j.

The present value of benefits is defined*as in equation 2.2.2.
C? = the present value o" the cos^ts associated with the 
^ enrollment of one student in level j in period p.

The present value of costs is defined as in equation
2.2.2w

X? ■ the numbei of students admitted to levql j in period p.^
First, the instrument

J .1-. •

1.
.

A number of comments are in order.
variables, X?, in the model refer to types of educational programs.

1. Application of the modeT requres a slightly more'complicated objective 
function incorporating adjustments for dropouts and failures and for the 
rate of unemployment, among school leavers. These adjustments are discussed 
in Chapter 6.
2. The activity levels are defined in terms of intake rather than output 
so as to correspond to the major instrument variables actually controlled 
by most governments.

4
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and would generallx include primary, secondary, and post-primary tech

nical schools, several types of teacher training, and university study,^ 
Second, the social time discount rate used to discount the

streams of benefits and costs (cf. equations 2.2.1 and 2.2.2) 
society's orjlanners’ marginal rate of substitution between 
and future incone.

expresses

present

Operation of the model with a positive i does not 
necessarily imply pure time preference (myopia) but may be justified on - '

the grounds of diminishing marginal, utility of income (assuming the 
society has a positive rate of growth of Income) or on the basis of 
the probaUity of surviving until the near or distant tuture.^ 'The 
function of the economist in this respect is not to decide on a correct 
rate, but to clarify the:implications of using various rates and/or to 
elicit from the relevant political bodies a rate which approximates 
the relative social valuation of present ‘and future income; 
ter 2, it is assuned that i is a constant.

Thi/d,. the maximand is concerned 
distribution of national income. The" pattern of educational expenditure •

* !.
in .Chap- !

with the size, not the

3. There are a number of interesting possibilities that have not been -
developed here. Adult education, on-the-job training and other types 
of education outside of formal school systems could be introduced as 
activities in the-modeK Some activities could be disaggregated by 
course of study (e.g. university study in science and technology as 
opposed to liberal.arts) or by the Fevel of quality of instruction as 
measur^ by both the quality of the inputs and the aaployment opportuni- 
ties or the outputs. .
4. Cf. 0. Eckstein, "A Survey of the Theory of Public Expenditure Criteria", 
in National Bureau Committee for Economic Research, Public Finances:
Sources, and Utilization (Princeton:
1961), pp. 457^60;

_________ Needs,
National Bureau of ^ononic Research,

■ ' 'V■'. > A
- •
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nay hxy^ signlfii^ant effects both on the size distribution of Incoae 
and the geAgraphic or ethnic distribution of incoae. The distribution 
of income aspect will be assumed to be dealt with via the usual redis

tributional instrusents.
3.3 The. Constraints.

Each of the educational activities is characterized by a 
production function of the type illustrated in equations 2.4.2 and 
2.4.3. The production functions 3.3.1 differ from the previous pro

duction functions in that the time required to eooplete the production
process is explicitly taken into account. Thus when the production, 
process is Sj years long, . "j

•‘3.3.1 ^s -1... Vaix.
aP''®r^Wj

^ ^li...Cq.i ...

.'/f admitted to level j in period p, .

■' ' nJi • the Aidant' of input i devoted to activity j, in period t,.
^ j»],...m;Ji-l...m+q t=l...n, where q is the.nunber of

ex^lgenous ‘constraints and n is. the nisnber of aetivities 
and n is.the mnd>er of years in the planning period.

a*t • ^heasihimum amount of input i requirto t<f accommodate 
J onOftstudent in .iwtivity j in year t.“

the cdlutrain£s''hre of three types:

X? ■ min
«^ .“i.

>..«.i a?:*!-' ■iIj
•«
*-• « •

:. n .i;?
.1

'V:-
■ .1

use of the endogenous . „
ft ;•

S"i %

S. Where ^ucat^qji t° level i Is a preeifcquisite for entry into j , aij is 
equal to or greater’;than unity; the input of one student with level j 
requires the availabUity of one student with the necessary prerequisites.

■ The coefficient* can exceed unity of labor tf type i is directly used in 
the protoctlon ^ro(ess j.

s

j -v

- "-.V *■ \4w ^
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resources which are defined in stock terms (i.e. teachers), use of the 
endogenous resources which are defined in terms of flows (i.e. continu

ing students], and the use of exogenous resources, 
equations are similar in form to equations 2.4.4b and 2.4.4c. 
however, that the model presented in Chapter 2 took no account of the 
following problems:

The constraint
Recall,

a. the temporal aspect of the production process and in 
particular the different lengths of time taken to produce various 
educational outputs, and

b. the durabilit)' of the educational outputs and Inputs which 
gives rise to a stock of teachers available at the beginning of the 
planning period. .

%

There are three possible uses for.the ortjnit ef any activity: ' 
pursuit of further education in the system, a&ployment as a teacher in 
the system, or employment in tlft labor force outside of the educational

4

system. These three uses qan'be referred to as use as an intermediate 
good, use for capacity creation, and deliveries for final demand. The 
total requirements for labor of type j within the educational systepL^. 
^hus depend on the levels of the activities which useitt as a student 
input, and the requii^ capacity creation in the activities which use 
it as a teacher. that we have m types of education, j«l...m, and
that the activit)^ 'has

i is defined as d stock, the total required amocmt of i, time t is then: 
„ m t

• r z
1-1 p-t.l-s

a course duration of s. years. When resource
j

3.3.2 a*.xP
ij 1 \

j
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The nghthand side of expression 3.3.2 is the total enrollments in X. at
j

time t multiplied by the required input of i per student in j, summed
over all of the m activities. The total amount of i available in t
can be expressed f-

p. •
3.3.3 t-s.

ii* ■
t-i

^^1

where :
• the expected annual rate of retirement of the teaching 

force over the planning period;
» the fraction of the total admissions to activity Xj which 

is expected to successfully complete the course and to 
find employment.

For the sake of simplicity it is here assumed that the dj^«0 for all 
outputs of the system during the planning period.* The first term in 
the righthand side of expression S.'S.3 is the total stock of teachers 
who were in the system in p*0 and who have remained up to p«t. The 
second term represents the total output of the activity producing 
resource i since the beginning of the planning period including an 
adjustment for dropouts and failures.^ Ithere input i is defiiadas a 
flow, the total required In time t is j

«i

•i

‘-i* -3.3.4
j-1

6. Relaxation of this assumption can be easily accommodated within the 
framework of the model.
7. In the application of the model, the importation of teachers will be 
presented as an alternative to their domestic production. Thus, a third 
term in 3.3.3 could represent the total supply of level i teachers from 
abroad.

1

.i..
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and the total available is
3.3.5 Lp . g.X^-V

Where i is defined in stock terns, the constraint that the* 
total requirements of i must not exceed the total availabilities can 
now be expreased;

3.3.6

v;

*-*itm
? £ a^.xP -
j-1 p-t+l-s. ^•)

Where i is defined^tn flow teims the analogous expression is 
4.3.7 ;

n
E a,.X* -

The endogenous constraint equations in the model are analogous to 
equations 3.3.6 and 3.3.7 and are m in nmiber, 
each endogenous input.* .

The constraints! oh the use of ex(^enou5ly 
may refer to such inputs as foreign exchange, total social expenditire,' 
and budgetary quantities such as recurrent or capital c 
constraints apply to the use of q exogenously supplied inputs the 
set of nq constraint equations is.
3.3.8 m t

2 £
i'l p.t+i-s

iX*-n < 0g
j-1

lely. one per year for
••

t
lied resource^-'

^ . «
. %

^ Where *\\ ;

4

i b5 for i*^+l...»+q; t«i.. .n‘.
«

j

8. Some educational outputs are not used within the educational 
Hence nm is strictly the maximum number of endogenous constraints.

system.

i
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The boundary conditions constraining the maximun or minianim 
which the educatimiaL activities can attain may be necessitated 

Political or legal or administrative con- 
littment to expand some level

levels

for a variety of reasons.
Stfaints may result from a political ci 
of e<iucation«t a given rate, or because of a limitation of implementing

v;-
capacity at some level. These boundary conditions may be expressed:

xP>hP

where (J? and H? are the upper and lower bounds, respectively, for X?. 

An important constraint of this type is obviously:
xP-pP

xP£«P and/or3.3.9

‘ s3.3.10

where bP « the total number of children in the primary entrance age group 
in period p. JiS

The constraints can never be a predise reflection of the reality
The model should be opar-which they attempt to represent in the model, 

ated a rnBber of tines, each time using the shadow prices from the pre- 4

vious year to evaluate the correctness of the levels at which the elements 
■ of the constraint vector are set. This approach is developed below, in 
section 3.6.

t

4
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. three~tiJDe periods Cn»3) and where the durations of course 1 and 2 are 

. 1 and 2 years respectively (s^*l, S2-2) is presented in Table3Hi/ Row 1 
of Table 1 is th^ maximand. rows 2r^ are the endogenous constraints, 
rows 8*10 are the exogenous constraints. The boundary conditions for \

•f
upper bounds appear in rows 11-^ The lower bounds are analogous to

e^Bited here. Outputs are representedthe upper bounds and are not pre .'■■if'

in the systan as negative inputs.^Both endogenous factors are pr^ented..
here in terns of stocks. *

3.5. Terminal Conditions and Initial Resource Availabilities.
For those periods Inm^iately preceding the enJ of the p2Ch 

po'-jod, terminal conditions must be developed so that some allov/rnte ’irXl 
be made for intr?*-educational demand for its own output in tne ye^*-'

this not done, the

••'■I

■f

immediately following the ^nd of the plan perimd. 
system might stop pr .acing teachers ana »-adencs for pursuit of further .

ars of the period.' A number of methodsstudies in the last year 
of dealing with the tertpinal :v nditions is available. The method adopted^'; r.•
here is tu assv» e that the ^vtivity levels ’■iwediately fwier fo tJ«

->■

of the plan period will be equal to' those in the earlier yeexs' of cue '

. . .
. . ^ -i' ■ , J,4'

arises concerning .the'initlal reswsce avaiiabliltie^. 1

9period mltiplied by sone growth factor.
/J*

•--V

* finbl

9. The choice of tensinal conditions-ls somewhat arbitrary. It should be 
pointed out, however, that While the last few years Tirthe planning 
eriod'may be sensitive to the choice, the relevant years are those on 
ihich immediate action must be taken. The sequentid application of the 
model suggested in section 3.1 obviates the need for taking action on 
any but the first year of the plan period. ^

4
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TABLE 3,4.1
The Structure of the Model.

(for n«3, b®2, q*l, Sj"l» with no lower bounds)
Objective function:

X^l1.1 2^2 2„2 3.3 3.31. z:x ♦z:x ♦z:x ♦z:x ♦zrx ♦z-x- z*2-2 n 2 2 11

Endo|enous Constraints:

“21*1 , *“l2*l
4:, -gjx[

^2*1 ■' -.b1'2. 1

3.,
2

2 ^2 
*“n*i -“12*1 ‘“1

a^“^2 ■1 *4A
-l2*l
-l2*7

■ iB;

’“l2*| -M 

: ^ *“l2*l •

.*»■ ■ 5. 2 ---r'

2 26. -i^x\ -82*1

-82*1
-8l*l

■' i

‘■i-:7.

Sv- .iioganeu.

8 ^ y'8.

.^.Taints:
1

■v X.'.

• -f* •*•,

*xf9. “31*1

3 ,2-^ 
“32*2 “la*!“31*1 ‘ril10. 8

Boundsi-v .ohilltions'

.V
'ii ^ V• V..' .xj12. '

. 2

2 4bJ ST
13. *i

. •:'.42

-r3 ,

14. - X2
315. *I

\3 • 4r3'*216.

a. Both endogenous factors are here defined in ter»s of stocks rather than flows.
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On«total value of the resulting output of the educational systaa.
should be valued as lowinterpretation of the dual is that resources 

as is consistent with the condition that the entire value of output■ ■>

Thus for,is imputed to the resources (or/boundary condifions) used.- 
every activity which appears in the optimal basis the sign in expres

sion 3.6.2 is a strict equality; for activities not in the basis the 
inequality holds. The shadow prices Uj^ (k=1...3mn + qm) represent the 
total effect on Z* of the availability of one additional resource of 
type k.

The solutions p£ the primal and duat of the problou yield a
considerable amount of information useful to planners. Thq solution 
of the primal indicates the optimai values for the main policy ipstru- 
ae-.;ts, and in additira can be used to yield decisions on the introduc

tion of tSiw educational technologies or the importation of educated •

c-

A
- 
V̂ l.v'2-

i

manpower. The shadow prices of the exogenously supplied resources . 
allow the assessment of the optimality^of the level at which the con

straints are set. Efficiency condition 2.4.9 states that the shadow

- .f •

price of a resource devoted to education must be equal to its marginal
Thus, if it were found,productivity in the remainder of the economy, 

for exasyla. that the shadow price of a giveir resource, u 
higher t'ar. the estimated maiginal pr^uctivity of the resource in the

*, was considerably

rest of the economy, a relaxation of that particular constraint is 
ialicafed. The exogenous resource availabilities in the constraint vector 

achieve the equalities required by condition■ r;?'-!* -/ '•

can be altered so as to

\
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2; 4.9c. As long as th«.^st elcaents in the net benefits functln reflect 
social (rather than private) marginal costs, the optimal total resource 
use can also be determined through the operation of the model without 
exogenous resource constraints. . Activities which produce a net social 
benef.'t wi' ■. be ot'-t:-.'. vi at the maximuoi level consistent with endogenous 

The" shadow prices referring to the boundaryresource •vvjlabiiii. '.
conditio..-, indicate the opportunity cost (in terms of the reduction in

Thus, where tn-' constraintZ*) of the imposition ot tnese constraints, 
has been imposed for, say, political reasons, the model allows the 
estimation of the economic loss incurred in the pursuit of non-economic

; -
goals.

3.7. Limitations of the Model-
because the model employs linear cnnstra.tts and a linear

’ ■■'.blens irt-olved in 
Hov^ever, cQOipU''ariOT>al simp! icity has been 

tta, following

,1... maximand 'here are relatively few computation*’ 
solving ano using-the model. ' 
gained through the use of a number of abstractions, 
requirementi are particularly important.- ^

First, the amount of inout 1 .>o each activity must be a
I*--' ■ Xlinear fi^^tion of the level of that activity. Thus, effects on tlw^.

level of inputs not linearly related to the level of output^^e i^ted
-r.i

shortcomings wlfi^lthe indir 
This isibecause a10. Both of the above methods have serious 

cated change in total resource use is very large, 
substantial redirection of resources towards the educational syst^, and 
the resulting major increase in the output of educat^ labpr is likely 
to affect the opportunity cost of using educational inputs and the mar
ginal productivity of the educational outputs. (Cf. the discussion in 
section 3.7*)^

4',r»
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and economies or dis-econ«,ies of scale, of present, must be“dealt with 
step-wise.

Second, the exogenously determined resource availabilities

(the elements >f the constraint vector) must be e]q)ressed as constants 
and not as a function of any endq^enous variable.

Third, the maximand is expresseo ai , linear function of the 
m activity leva'—. This .squires that the net benefits P

parameters. , 
ion of the 'evel of output of any of the actlvi* -sare not ;

Strictly speaking, where fj represents the marginal Productivity of labor 
with qualificatipn 1 ( Y/ 1,.J this requires that:
-,/.l

1

1
L
j

for All j and fll ..
;Expression ,3.7.1 is eqa^alen.t to stating that the elastdc/ty of a»ma. ■

4
for labor is infinUe apd^the cross derivitives of the production functions 
in the econon^^ are »rb';

)
L * j ) ,1^ assumption is at the

oppqsite extreme from that made or issued by the manpower require- 
ly that the elasticity, of demand foi labot isment^ school, . n

■ SaChakravarty, "An Outline of a Hethod for Progwkmme Evaluation",
Rosenstean-Reden (ad). Capital Pbniation and Econoaic Devetop- 

<ignt (London: George Allen and Unwin> 1964). p.44. ■
•• -o-- '•'>

12, In the absence of strict conformity with the requirement 3.7,1 app
roximate constancy of the Zp parameters may result from the inter
action of a number of influences, for example, the expansion of the 
supply of educatedalabor aacni^anied by a rightwards movement of

a result of economic growth
and/or technological change. See section 6.2 and Appendix 7.1.
the demand curve for educated labor as

\
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aird econonies or dis-ec^TOaies of scale, of present, aiist be dealt with 
step-wise.

11

Second, the exogenously detemined resource availabilities:, 
(the elementi of the constraint vector) must be ej^ressed 
and not as a function of any endogenous variable.

Tiird, : <•- uaxiiiand is eAU'*5Ssed as a linear fimction of the
P

■^is reqiilrns the net benefits parameters,

of output of any of the activities.

as constants

levels.bi ^

represents the margina* productivity of labor. •, spci<-^ere

with qual'. ion i ( Y/ L^,) this requires that:

•V •- ) SP v*-T .-1

r».for all j and a^* i-
• .-V r

•Expression 3.7.1 is equivalent to stating that the elast

for labor is infinite and the cross derivltlves of the production functloiii 
12 ( fi

a
. v '>. ')

‘ ’ 2, This assunption is at the 
opposite extreme from that made qr implied by the manpower require-'

In the! economy are zero. (

i 'ments school, namely that the 'elasticity of demand for labor is
J

“ •tit"' bogr»—.

12, In the absence'of str:k -
,:o«Bate constancy of -he xp ^'Sm^ters'^ml^ re^2u”roS^he^int^'*'? 
action of a number of tnfiu*nc«. £„ .xajaole the ^

, the demand cu^e for educated labor as a result of economic growth 
and/or technological change. See section 6.2 and Appendix 7*1. '

*:.
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The constancy^of the net Benefits coefficients further tequfres 
• that the unit cost of operating each activity does not depend on any

of the activity levels. This in turn requires that the supply functions > 
for inputs to the educational processes are highly elastic over the 
relevantVange.

zero.

S.

!
None of these requireaents is »et exactly in any,concrete 

planning situation. The validity of ppplying a linear model of the
type proposed depends on how d>sely the asstaptions approxinate reality* 
in the particular planni^ situation and on how sensitive the results. •• 
of the mod^l

f*

fre to a li^y,,4egTee of error.

f .. . V

; I;
' 'tKlr.

• .4

3±1^ c

•tw;t t-
■ ■13. A general consent ogathe linearity of the objective'ninct^'is pre- *"

seated in Appendix 6.4, ,
14. For a.large number of »n absolute maximum limit on the total
use of «e input has beM^n|fised. (■ this case the implied supply func
tion Is horizontal up «»m limit imposed, and vertical thereafter. For 
s«e^^ts, how«er^|B^:functien^has bee^^prox'imated by the. 
identification of tlte^TlM||le)l soiifcei of su^ty, each with 
stant but differeut stdBk-prl'A. Tl^ aggregateisupply fu*ctI6h for 
teacl.erc holding udive^H^egrees, ® etaaple, is a.step function

.ting both daadajlnhti foreilm sources of supply. • '"3 ' V
,15. In Appendix r.l en iffifi ilC .mpdAe test .the sensitivity of the^ 

model to. errors in botl«ho estliation^r j^e perameters and in the,^: -'ISlf. ?:;
theoretical construction of the model.

.♦

i
a con«

V . •

\
4- \

4 - ..c" < .
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■ >1)«--^ppendijt J. 1 
A Method for the Analysis of 

Factor Substitution in Production

•u.r-"

The linearity of the constraint equations allows a conputa-
tionally simile solution to the naxiaiiation probleai presented in equa

tions 3.4.1 and 3.4.2. Howeveas it also requires the assunption that
_ , no factor substitution in production is possilile. There is considerahle

justification for thii assuBptia|n when applied tojpducational production 
processes (cf. section 2.4) and its use does not preclude consideration 
of discrete changes in production tecl|^iques. . None the less, it does 
obscure a nioaber of possibilities for'Continuous substitution between ',V , rul

' - ■ ■ '..kVS

educational inputs. A method for. the analysis of these possibilities, 
tfi^in the ^amework C}^'mode^ is present^ b%l^i>d»od apj^ied 

in Section 7.(7. T •V

Consider a {productive .systaa-chararterited by two processes 
(X^, X2) producing the same output and^using two factors of production

’*'*^*^*' are avvlable ijv fixed ,quantities (L^, The pxp-- , '

dUcttep functions aTr*>nritten iB.fhe .^Om identlcaT.^.pcpiations
■ ■ ' ' ' ' "

AS.l.la'

»'iV

_V'" ^
iii liii
•11 ' *21

*1 » min

Id. The assumption of a sii^le output is notr crUcial.
■i.

\

\.N. •
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'A3.1.1b

;
- ■'ij'* »“0“nt of factor i. devoted to produation process*«i- lAex*;

a.. a j..the..miniinuB aaot&t of factor i required for the 
^ ' output of one unit of j.

- - ir.
• the output iHing process j.

The prc^leip is thus to naocimise the ^oduction of X subject to the fixed 
resource constraints 

Maxiaize
1

A3.1.2 • i-

subject tor r.•sx'r«n f’ , A*.1.30 “lls-i

•S'? <
A3.1?5b j^“21 1 ^

^ The peoble* is praso^ed, g^et,tical-|^ in figure'A3.1.1. The followii^ 
notation is used:

f V

« i 3.4.2pj . i:f i in equatfo 
ion As repn^^nting pro^esj^s^ ,aj«i

fl ® .'i

3
.2 Oa and pb dMOa

' ^”.3 X, respect^lH
'vIBB

n OL^ a^
— ft

—OI.^eL^

- Ike Baxinai output ij obtai 
17point e.

...
X source availabilities;

-V.
lility >et. jitjC-t to:

by colgbining lueceors Oh and On to-resch^

- 7'C'I-
odlbe the possibiiit/ of

id c 1. .«.

Now intr

—b- ^
in\-

h./' "a: 'V •
' IJU^Irhe statadelfi_ is obviously pot tnse uhera. onepprocess'ipioduces a
, large* output pay eaiit of inpt ', for-both inputs. -

' W::. ^
./■

V •» •'-i • ••

s--;
<■ ‘f
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production of X. assuae that a| unlta of L| can be. substHut^ '

in production for a^ units of irithout affecting odt^t^««we ■ =
set a* equal to one, the marginal rate of substitution in production

• ^
is .5.

!n order to accoraodate the substitution possibilities we 
define two new activities: which "transforms" aj of into one
unit of Lj, and which "transfoms" one unit of into a* of 
There is no production process associated with the transformation acti

vities; they merely rgdefine a* units of as being equivalent in 
production to one unit of Lj, and tfice versa. The transfonnafibn acti- 
vities can be thought of as redefinihg^tjfca feasy^lity ^sqt.^^

The probleiB. can hc^be written;

k-.

~v-

- f

4 .cati■iSJf.I.4
•t;»o p. ■

iJfc htb assume that t^|^^|||||||PPR> fate of s>ib5titution is identical in tie*"' ' * 
two production a > > M " “ 1':

19* In the practical^op^^tidn of.4his approach it is plausible to •' 
associate with eachjBj^fc a cost (and perhaps other fnp^ts) which 
reflectfthe (Aangesj^P^S^^T^uctive equipment and/or adm^inistrativey 
arrangements necoss^^. to .accommod^e factor substitution. (Sqe section 
7.6.) The introducfcbn of costs adds a note of realism to the treat
ment and^moreover^ avoids the problem of degeneracy which arises where 
the problem is presented as in equations A5.1.4 and A3.1.S below. The 
degeneracy is attrib'ufable to the fact that in the preeent fonaulation,
Xj and X4 are not linearly independent. The degeneracy problem can 
be avoided-by:

a. the introduction of costs associated with each activity; or 
\ b. the use of somewhat different marginal rates of substitution 

fn’the activities; or
c. the definition of an artificial const^aiI!^yactor which renders 

factor substitution'in one direction economically irrelevant..

\

\
• a /■

t

Approaches (a) and (b) render activities *, and X. linearly 
^'• approach (c) allows the elimination of eitnet Xz or X*..a * i. . , .

, % % . \

- ^
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V

1
f*

subject to:
A3.1.5a •u “12 -“l3 ♦»14 *1 4
A3.1.5b

“22 *“23 -“24“21 >^2 >2'

'•il
^ 8.- "3- lu

\•4 r-

*4■ .1
20

where:

“13 ‘ “14 = “I ' 1

“23 ■ “24 = “2
The transfoimation activities and X^ are represented in 

Figure A3.1.2 by rays Ox and Oz. The slope of both rays is
'“2A *

:nc iiait to tdiich Ox and Oz can be extended is set by ‘h. :
-»23 - '“*
the supply of and Lj'as indicated by rectangles'otjfg and OL^hi.

• 5>

Bji moving the origin of the previous feasibility set OhjelT^ along the " 
rays Oz^and Ox the upper right corner («CL describes the frontier of a

; ••

20. Where there are no costs or boundary conditions imposed on the 
substitution activities^ the constraint equations can be reduced to:

(“ll* a^j/a*) Xj * Ca^jta^^/.p Lj^L^/aJ

namely, a'system in which there fd only one factor of prabction. {How
ever. see eilifation systOT A3.1.11 and the treatment of the problem in 

7.6.) In thls^kse the choice of activities is trivial: 
where ^ select activity X,; where the inequality
is reversfid. Sheet X^. Jk ‘

\

, ■•i5.
^ V .

/.
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new feasibility set The new feasibility set does not des-;
cribe the quantua of resources actually available; it indicates only 
that the production processes can be operated "as if" the systen were' ' 
endowed with th| combinations of resources speclfied„by the coordinates 
of points along 0LJkL|. 1

There are in general now five possible sciitions; operation of
•• i ■js-And Xj, Xj and and and X^, and and X^ although in

the case depicted the latter two* combinations Vf activities
are clearly not ♦ * t.mvt

t
'V

■ IT-

The choi£e^]^^ and is indicated where:
A3.1.6a -a

^2 < \ ' ^i
a '\ .1': •

■v-VvTt» left side of eiC|ression A3.'i-.ba is the negative of the slope of tlMh'- 
trsasfwrmattwi riyi; the right, hand^side is the negative-af the slov>tf,.of.„

- the equal product l^^e connecting the points corresponding to C'^ual outputs *' 
. elpng rays Ob Letting tt repre^t the equal product line passing 4

through e, the j^imurn output possible using Xj and is .Ot, while Ot’ 
is poisiblO using production activity Xj and transformation activity Xj. ^ 
Only where ■€*

A3.1.6b
»22-^21 
‘ii:^2 •

a* - * < •
■•■-s'-.

Will th« use pf Xj witl^ X^ yield a total output as great as'th®t'attained

through the use of one production-oetivity and one traiSsfbrmation acti-

21. A! is the negative of the slope of the feasibidity-set beuind«^..> I-

•• t^e' ;?d-; > S -o
. '.y-

-t-
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vity.

Sc l .ii;ion of the duil Of this problen yields, shadow price of ; • 
.JC4.V (. j, Uj)*which feSecause of the substitution possibilities 

a constant relation, namely:

__
t.s.-; CC.

mu&t

A3.i.7a '*1
. Gi.

or. 1 ihs r ■

A3.1.7b i - '.ciiviv . ^ w.~rli.

“2
rafo frVaVS-'ii.tViit ^ '

er Jbsti^^n t' for C,.

;T vffiich substitution'is'possible is limited, ' 
'>n the'transformation activities. A

u,/u.ier<

be'obtair.ed thro ►the furmji 
• , - 

Where the range«

boundary conditions can belppo! 
diminishing marginal ra e s.pS, . tution (Wt be aoconmiodated through 

III Jt i nn activities. Thisipossibility is 
of equations and Figure A3.1.3 below.

rate of substitution 
additional tranformation activities

the use of a series of transf
.id illustrated in.tte syst» «

The analysis of a diminishing marginal
requires the introduction of two 
and Xg, where:

"Xj transforms aj of into one unit of
transforms one unit of hj into a^' of Lj 

The new activities reflect a

, and>■

diminishing marginal rate of substitution, i.m..

» Condition A3.1.«b implies-that the processes are equally ' c'-’v- '

T' A.-,V.-.7

'-.'S'-
:V~'
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Ut the orlgiuj transfoiMtion activities be restricted as follows: 
A3.1,9a

A3.1.8 .)

A3.1.9b
• >

boundary .^ditions reflect ?he fact that substitution between 
factors at the isarginal 
liaited.

Those

of substitution inplied by A3.1.S is

Substitution beyond the limits inposed by A3.1.9 is po'ssible,

but at the rates inplied by the processes X. andX
5 6

rate

If in addition 
Xj and X^ th,e problgn nay be presented. we impose boundary, conditions on

in the fom:t

A3.1.10 
Subject to:

Maximize X ■= Xj . X^

A3.1.11a “l *12 -*1S *16 1■*13 *14 ■‘l 4
A3.1.11b e^-

*21 *22 *23 -*24 *2 ‘•2*2S -*26
I .

A3.1.lie 1 *3
fA3.1.lid 1 *4*4

A3.1.lie 1 *5 S;A3.1.Ilf *61
L

where: J

*15

*25 " *2

I.

*16 - ' 
*26 • *2 ..13

(This system is presented geometrically in Figure A3.1.3, , Th«! • 
figurrf is identical to A3.1.2 with the exception of the introduction of

''-i \ !

W'
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A3.1.8

Let the original transfoirotion activities be rostjricted as follows:

A3.1.9a

i T-,.

A3.1.9b 'i*

% L
These boun£:ry conditions reflect yie fact-that substitution between
factors at,the marginal rate of substitution implied by A3.1.S is 
limited. Substitution beyond the limits imposed by A3.1.9 is possible, 
but at the pates implied by the processes Xj andlf^. If in addition 
we impose boundary conditions on X^ and X^ the problan may be presented 
in the form:

X « X, ♦ X., 
> ^ 2

A3.1.10 
Subject to!

“i »i2#;-»i3 

*21 *22 *23 '*24 *2S - '*26

A3.1.11a *14 -*JS *16 .
■ X,

4
A3.1.lib 4
A3.1.lie 41 4*3 I

A3.1.lid 1 44
A3.1.lie 1 ^5

A3.1.Ilf 1 ^6 ^6I
Jwhere:

i's'. >- 1 ■ 1*15 ■ S

. J' ,

*26 “*r V I

the exceptiodf .4e Introductio,^’of '

■ ■>

■2S ■ •i .-7

-i r .

h'>
»v.V

#3#v,:*ig3
SS:-:-' "It-:'-
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-activities Or and Oq which re^etent Xj and X^ respectively., 
of Ox and Oz are deterained by the constraint equations AX.l.llc and .

The lengths

«.l.Ud.

lively?®

Because Xj and Xg are less efficient than Xj and X^ respec-
Xj will not be introduced.into the optimal basis unless con

straint equation a/. 1.11c is active. and analogously for X^. This condi

tion allows‘®ihe presentation .of Or as originating at the teminal point
of Ox, and Oq at the terminal point of Oz. The feasibility set OL|iinepL*

is constructed as in Figure A3.1.2 by aovxng the factor endowmoats space

OLjeI^2 along the transformation rays. ' ^

Production will take place as if the resource conbinations de

fined by the vertices LJ, m,n,p, and LJ were available.

m.

“n-12
(

aj, for example, production will take place at n, with production 
activities Xj and1 X^, and transformation activity X^ run at positive 
levels, anu the constraints on the use of lJ and the boundary, condi- 
tion oh X^ ^tive.

The method has been presented here 
possible that it may find general application 
educational economics.

in general terms, and it is 
outside of the field of 

One of the many possible applications 
len of educational planning is develope,^ in Section 7.6.

to theprob-

.23. This condition arises fr«m relation A3,l.#, i . ■i- •.
■ v*

-»• ■

>S- ‘ ■ ■

■ -* /'• r-? .
I-'.



CHAPTER 4. TWi STRUCTURE OF THE MODEL
- %;

4.1. Introduction.
of the node!

Tho ronnininj ehaptors represent the eppiicnil®"
educational planning in the

described above to so«e econonic aspects of
>

Northern Region of Nigeria.
The present chapter contains %n initial

of education in Northern Nigeria as
outline of the structure of 

of recent planning efforts, 
of the Bodel as applied to Northero

section de«>nstr£ting 
a user of

the econonic importance
This is followed by anscarce resources, 

the educational systen, and a brief account 
Probleas concerning the structure

the reaeinder of the chapter-
Educational Expwditures and Employment.

Nigeria occupy 
4.2. The Magnitude of

of tho Norther#establishment it a major sector 
In 19«4 it was the largest

The educational
tingle employer of labor 

accounted for almost half
In addition the educational •

Nigerian sconomy. 
with a post primary education and probably 

demand^for educated labor.*of the total 
system enrolled 476,954 students, many of whom 

2
joined th* labor forc«.‘

would othOTwise have -.4

^ '

1. Federation of Nigeria. National
Manpower, 1965-70 (Lagos; Ministry of 'j classes. Enrollments.

. Goverpment of '‘‘^••'^V„**^‘^Nigeria ffladuha: Govemmeirt Etintrand Teachers in tl« Schools of Northern Nigerj^ tsjwun.
•r, 19641.

• 2, Tha -
mocil^lude Anadu Ballo Univorsity 

Bwpoiaiantti, add Toachara.

tetal number of teachers
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Governaent expenditure on education h»e, conetitut.ed a ujor 
portion of the total jovemment budget; during the period 1954-6S to 
1962-63 recurrent expenditure by the Ministry of Bducation accounted 
for an average of 19 percent of the total. The Ministry of Education 
was by far the largest spending ainistry in every fiscal year.^ 
proposed expenditure tn educational projects in the Northern Nigeria 
DevelopMnt Plan, 1962-68 is 19.9 ailliaa or 21 persent of the planned 
total capital' expenditure over the period. It is considerably larger 
than road developeent and agriculture, the two other significant ex

penditure categorlds,^
It is iaportant to note that despite the large expenditure

C

■ r
I ■

The

.1
•- -H

of resources on the educetionsl system, Northern Nlgeris remeins on# 
of the most educstionslly bad^ard areas in the world. The Ministry 
of Education estlMtvs that in t964 only 11 pez:daiit( ^ the prjbBhKy. 
school age grou^ were in school» and the ttnrolla^kt ratios for • 
post-priury education are laich tower.^

- -■ -.,ic

3. Govemeent of Northern Niaeria. The Accountant General,Report.. 19S4-5 .
to 1962-5 (Kaduna: GovaroMitt Priatar, n.d.).' ' .

1

4. Govemaent of Northern Nigeria, Devalopaant Piari, 1962-1968, Project;
List as at 31at March, W4 CKaduna: doverneent Printar,'"h.<l.f.
break3ownTof ujor axpenditure groups in the davelopeent plan sea ^pendfh -

5. Jamrson Eastnond, "A Pregrats Report on Efforts to
aent^als of Prlnaxy Education in Northern Nigeria" (Kaduna: Mipistry of Ed-' 
ueaUon, July. W4). {Mlneographed.) This flguea is caapBtad on the basis 
of the 19U canaua, till accuracy of which ia still open to tone question.
Enrellnent* In tho-first yoar nra about 14.S percent of the 6 year old age 
groiqi. Of tha'200 territorial imita listed by UNESCO in its 1963 Statisti- , ‘
cnl Yearbook (Paris: UNESCO, 1964), only the following 12 exhibited lower - 

.prianry aellMl mrollnent ratiog: Angola, Ethiopia, Gaabia, Mali, Mauri- 
, ; Italia, Niger, Soaalia, Upper Volta, Afghanistan, Nopal, Saudi Arabia and

Atttii^ iaxiill
y

■.(

0-5
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4.3. The Structure Snd Developoent of the E^cafioaal System of Nor- 
' them Nigeria. • \ .

The structure of thr educational system is. depicted in Table
of the student ffows4.3.1. The table has been arranged so that all

fall above the diagonal, while all the teacher flows fall below it.
givenAn outline of the content of the various courses

The primary school course of studies concentrates on teaching 
language skills including literacy in*knglish. skills and kribaied^

some work directed

below.

1
necessary for constructive political participation, 
towards developing vocational skills (chiefly rural science and crafts).

At the successful comple-

N.

t

and preparation for post-primary education, 
tion of the course students are awarded the Certificate of Primary Edu-

i

cation, and may compete in the Common Entrance Examination for places 
'in post-primary institutions.* The craft schools offer a course in 

• general secondary education with emphasis on subjects'which will raise • -i

the students' level of tecl.nical trainability. The secondary grammar 
in general education leading to the West 

African''S<^bol'-Certifi6ate> which is awarded on the basis of successful 
competition in an axtemal tmam. The elementary teasers certificate 
(grade III) course is offered at teacher training colleges, and con-' 
centrates on general subjects, with some specialization in the^^^jects

4

schools present a course \

■1

.-V-

6. The term "school leaver" is applied to the outputs of most educational 
■■■ ■:; ’^ |il»kitu(tipns. The word "graduate" is reserved dor those who sncr.^js*»>-r .. 

-"complete the university course.
'-■O'

- - ■-
•• :y - ’ •ViL-.’

, C-s '•I.'
?
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’ TA^LE 4.3.1. The Educational Systaai of Northern Nigeria.*

t,- I;-T ' » ■

.7 Producing Sector! Using Sectors
DURATION -----------
OF COURSE 1 2 3 4 5 6 7 8,9
JM YEARS

USUAL AGE 
OF ENTRY

LABOR
MARKET

'.I

i

PRIMARY SCHOOL 6 S S L
2. CRAFT SCHOOL 15 ^3 S L•7 1.

t I
3. grade III TEACHER'S COURSE ,, 

(TEACHER TRAINING COLLEGE)

4, SECONDARY SCHOOL

. ^

; / fi:.
■ *.

fa. $
• t .15 7:'

' V-

5 if.,' S'- 8, '

'^715. GRADE II TEACHER'S OMBSE 
(TEACHER TRAINING COLLEGE)

6. TECKN.CAL TRAINING SCHOOL 16

T T T T T2t

I •'s ■i • ■;

t I3 •/ if I4 f I ¥ '
. ' 9 ■■ ■ !

7. FORM VI

8. ' NdRmERN SECONDARY TEACHER'S
CfL'EGE IN.S.T.C.) ***

9. UNIVERSITY STUDY

T^ J ',y

»
T T c T T T T L.

18* 2

3 T T
,-1

'■ ■■'■-I

■ iv!' ^

.18+
4.

i' a. Flows which have not been represented in tbye aodel have been excluded froa this Tabiev
■

T indicates a floM. of teachers.'
S indicates a flow of students.
L indicates a flow of school leavers to the labor markM.

r

; -4 • !'

1
’ r' - V
i ?- ■ *■

i

7
Vf /■

' ■ ■

i
S' i.f.

77:71:7^ 7 r-.'-

1^.f:- ■'I
7 i:|
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*ich th. f.t»r. t..ch« «iu .^vot to t..ch, «ui sc. 
iwdagp|ic*l twhnlqu*. The . hi ,l«.nt«Tr tcchcf • s c.r^i<=««

a aore ttlvancad v, .that it proceeds at(grade H) course is slailar except
e technical training, schools offer 3 ye^r courseSTS*^

level.^ The
sheet aetal work.

carpentry and joinery, aotor -ecluuiics, 
electrical Installation, pluabing, and brick-laying. Upon successful

receives a Govcnment of Nigeria

tsad«9 as

■ coapletioa of the course the student
craft Training Certificate, uhich is «,uiv.lent to passing the Govern- -

~;o sixth foras offerGrade III and II.aent Trade Tests for Artisans 
a two-year university preparatory 
students generally specialiie 
disciplines chosen

receive a Higher School Certificate which, if the student has

for secondary sch'ol leewrs. 
in three of a lat ■ m*ber of acadeaic i.- ^

Successful

course

froa the liberal arts or sciences.
.-A

Students
Most universitydone well, will gain hia «Iais5ion to a university.

et'tificate.
or its roughin Nigeria hold the Higher School C 

equivalent, the General Certificate of Education (Advanced Level) .^Eor
students the university course will noraally extend over three years.

entrants

• these

Soae universities allow adaisslon to a 4-year course to outstanding students

7. In 1962-3 the grade III course was nade an integral part of the gradell
- - , and the intention to cease training any wore grade Ill tegchers was

expressed by the Hinistry of Education. The Best 3 years of tha integrated 
course are to be devoted to general education with speclallzatioO and peda
gogical training being confined to the last 2 years. The cowtsm are de
fined here as separate activities because significant niaberd cffntinTO to 
leave at the end of three years upon receipt of the gr^e II- 
and tk. last 2 years of the now integrated course '^1“.

Thus, there continues to be a definite structural

course

from the teaching force, 
discontinuity in the course.

. • *?•

-»
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St 'it.s iwifh •qal»«l««t, tlwbolding a West African School Cartificato

Genaral Cartificato of Education (Ordinary i^al) . Tha Northern Sacoo 
dary School Toochori Collogo (also rttarrod to as Highor Taachor TraiRing

II' tha futura taachars’ pro-Collags) offoTS rathar spacialixad tralniag 
spactiva flald, and couxsas In padagoglcal tachniqua sad tha psychology

axpactad to toach laof laanuRg. TaachOos traiaad in this -jisa ara
schools and othO# post-primary instiiotions as oall as In soco»y.-primary

dary schools. Succassful studants racaira tha Nigorlmn Car^lfltmta of

Education (hCE).

Tha first major affort to wrlta a comsistant and conprohaRSlva

initiatad in 19*0.* Aplan for hlgarla’s oducational dcvoloiBsnt aas 
group of Amarican, iritish and Nigarian aducators undar the chairMRShlp 
of Sir Eric Ashby »*s askad to study tha post-sacondary school adacational .

itians for its futura davalopmant.of Nigaria and to maka rac<

lissien oa Post-School Cartificata and Highar Education in

syst 
This ■•C

Nigaria" (the Ashby C

study of Nigaria's raquiramants for high level manpooar over the 
decade 19*0-1970 to provide the quantitative basis for the Ashtry Com-

iosfa-aaak^Harbisan based his ••aanpoaer targets" on tha very meagre 
information on the Nigarian labor force and economy available at tha time

e
lission) asked Profassar Pradarick Harbison to

do a

aiss

and OR usuBptions concaming tha futura rata of grwth of tha aconoay.

8. No attaapt «rill be nade hare to give a detailed ac^otmt of tha planning 
process, or to include naterial which is not diractl/ relevant to the 
probl raised in the following chapters.
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the levels of inputs of laboi of various types into^i* productive sector 
-V, ^ - , • ■■■ - ■ -.' Ij ; A. -

and the expected rate of retiranient froB the labor force auong some groups

V'.^'1

-/ •c-i

• •" .'iA
of labor. The'^by Report along with Harbisonjs report have becoi^i the ' 
basis of formal eduoCional^planning in; Nigeria.®^ » ■

■ V-' "•-v:.-r^-
Because the Ashby Report contained virtually nb^eost informatipn ‘

. -

•>;
f

and was insufficieotly disaggregated both regionally and temporally, the Fed

eral Govenment in late 1960 asked Mr. J.N.Archer to develop a regionally 
disaggregated aiid phased pattern of enrollments over the period 1961-70 con- 

with the Ashby recommendations, anti to estimate the costs-^ the re- 
The section of/ the Archer Report dealing with the Northern

e

sistent

suiting plan.
Region, along with the "White Paper on Educational Development in Northern 
Nigeria,,1961", the Estimated Capital Bxpenditures-ld62-67" ((dnistry of

-*■

Education,Northern Region)and the section of education in-the Nortnern Ni

geria Development plan embody the educational plans o£;;th'e Jfovernmeiit.

o TN. A.hhv Report was published as: invostiant In EducaUw. the Report of 
the Commission on Post School Certificate and HigherEducation in Nlseria (La^os: 
Miufst^.ofiMufentiom, 1960J. Professor Harbison's report is publishmd in the 
same'volume under the tUfle "High Level Manpower tor Nigeria's Future,” pp.SO- 
73. Given the circumstances, it was incont/eivable that both of the above reports 
should not contain a number of shortcomings. A thorough critique of both would 
be a valuable addition to the literature on educational planning, but it would 
Inconsiderably outside the scope of this paper.
10. .T.N.Axcher. Educational Development la Nigeria l?61-^0, A Report on the

- - - - - - - - - - the Basis of the Ashby Conmission'!Phasirie and Cost of Educational Development on
Repb'^ (LiTgSFrGOTemment Printer, 1961); Government of Northern Nigeria, White 
fipeF"on Education Development in Northern Nigeria, 1961 (Kaduna: Government 
PriiiterT 1961'); Government of Northern Nigeria^ Ministry of Education, "Estimated 
Capital Expenditures 1962-1967," Circular F2727714 of 7.2,61. {Mimeographed.); 
"Northern Nigeria Deveiopment Programme. Section VIII," Bederation of Nigeria, 
National Development Plan, Ch.VII, 1963-8 (La;gos: Goverianent Printer, 1962). 
Appendix 7.2 presents a comparison of the epfollment targets of the present 
government plans with the results yi#i4?d by the pliuining model^^described in 
Chapters. /, .■

V
I

C"- ■



w«, -;-. -
tst..rcf/r-r"^*--

;- ••■' •. f
..-^•. -V ■

•x. ■.r^ rr.
■

4.4: of «>»• Ho4*l: Scope ud Structiiroi ?S "■
'.-i .

■ .

- ■ ’T '7 ■ , . •'’- V ■ '‘■*

4.4.1 Tho Geographic*! Scppe., »«^ra^.»tiMtini the j^raMtart of 
1' •, '-

the Bodel, a niaiber pf-'declslohs >p tMr’dcope of th* eddel and the

ods of aggregation to be used had to be’eads.

coBceraei the io^aphical scope of the nodal. Control of enrellneats

Ins^getian edUMtion is prlaarily ip the *•’' .

■ . t,
■ taath-

•-.V^ first eajor decision
■■ <

and allocation of rasoiareea

hands of the four regidlial govement*. With the exception of h^har 
aducatlon. Jurisdiction 0¥«f the entire educational systen in Nlgd^'""'^

'■

is given by the constitution'to the regional goveimentsi

The nodel has bean construetad to reflect the ^t that th* 
locus of educational decision-naking is the regional capitpl. The _ . ;

policy questions asked are those facing th* rogional govansaent. th* 
instruiant variables ere defined in tens of regional enrolleants and 
reaourc# use, and tha constrat^ are defined in tent of regional re- . c- '" 
source ,aveilid>illty.
NigeaiS'hgcause of the <)uallty and availability of 
relevant educational data, and because of the degree of control which 
the Northern govensent exer#iset over enrollaents, and allocatien of

>

.•

It was decided to estinate the nodel for Notthan i ■ '-•’i

. li
the econoaically i

.J

11. Uthough juriadiction over higher education is shared by the ' 
regional and fedoral governaantSi the regional govements of the 
universih^S theasalvcs have exercised nost of the decision-naking 
influence in this area. There are indications that the federal 
govarnaent's participation in university affairs will Increase over 
the next few ypara.

>'1

c
-i

. - T-. . -u a. '

%
V • .r
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' Tta rmponl &op*. ' Th« 6h6tc« of 1*61 «j thi b»s« V«Mr for^ ' v' 4.4.7.,

■•:

■od^lHfa* dictated by the brtjdth and quality of tee data for teat 
year, -'hie question to which the eodel is addressed is: given th/In^ “ 
fomation aVallabU to planners in late 1M3,^^ What should be tl|e

ifht Jfear planning petlbii^

tee

6
values of. tee Instnawnt variables for aI^'B 

AltAu^-iyb tiiA laodel^

- I-

has beeii operatod only fortcaaaeiieifig in IBSaT 
year* 19>4 to 19T1, (he wodal t» iiitendetl to be run sequentlajly (Of. 
S, 1,1. «ii% tfco bpse .ye»r ooving forward ind’sea' infometion being

. ':::iX

L
'il

incorporated fro'' year to year.

The CHoloe of Factors. The fectora of p^uction considered 
explicitly in )ti™ conttraint q^tjowf of the node! aro those for, which" v

14.4.3.

g the elasticity of substitution wite other fectora la low, The inputs -

*'* ■ . Jjf ' ■ -
considered (with the Appropriate subscripts) ate below: * *

4, 12.My greater fanilierity with the North alsr; enterrs incO. the decifion
to concentrate there.
l3.Mucb*of the data used in the model was not aetutUly «»ailable ill 1^63,;,-' ..

tils 1964 cost data and I
but with very few exceptions it could have been.
the teacher input data presumably reflect-ebverMdhot.pQliSy made #nd',. 
therefore available in 1963. ' ‘‘v.- , .
14. Most approaches to educational"planning use a longiu time periodX •The
choice, of eight years was taken on the grounds that there is considei^blo t y , .‘..'.t 

^ilack in tee education system Ci-e. each level enrolls a small percentage ' ' 
of tee output of tee next lower levelX and for this reagon a .plaimind per- . ,^ • 
iod only as long as tee longest unbroken production process was required. .
A planning period this long allows the model,to oxpiieite present all of 
the intereducatlonal flows of students and teachers. When tee model is 
operated on a sequential basis, as suggested below, there is no gain in 
using a longer period., _ X" - •

15. The definitiwi and estimation of the i!H«t Coefficients Is discussed **
in chapter 5. , ■ ' ' T . \

’T

.. ' - A
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'ft

X- •
■J V .

• * •
k

X'-
. .>■n-



fev
-, :•

~ v?=r" ■ -
--- -r.

'.'v-.-rV . ■ •■
■<'■ V 

. ■...»*«

•‘ '- '•' _? • i.>'V

. . _. ■•^■',' —>*•

• -’V

\». printer »ciH»oi lwf*t»-
' 2. craft school laarort^

•-^H. ■ ■" ■
• V

3. grala Jit teachers 
'4. secqadarr school leavers 
S. grade II teachers 
7. fore VI'leavers

I. NigerlSB Certificate of Education (HCE) teachers 
9. .ualversity graduate teachers

exogenowly suppHa^ Inpats:

r IQ. .tptel SflCial expeiiditure

II. senior univstsity teachers (ioj^t only into university activities)
f*

12. chlldrsB of the h year age group (inpuf^ooly iato prieaxy school., 
activity.^

*

J

■ ■. A..,. -

h

i.1)
\

The Choice of activities. In 1964 the educational systea cOn- - Va 
sisted of 2425 separata forieal creational Institutions, eany of thee 
with a variety of distinct courses, plus a large nusber of Koranic schools,- 
inserviee training prograas, and aaster-apprentice relationships. The 
individcal producing units are grouped into aggregates ("courses") so

4.4.4.

• / «
4

as to ainiaiie the internal differences in the input structure and the
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his coarse of studies h*-* vepllctr-ious

studsat input successfully coaplotes 
for the structure of the

nodel. ,V.
educational MtgBit4e»,.in'-she sodel t.o. b. 

ajted- proisof hiunli’ '

«Tlve outpi-* of the 

. dSScrlbed in vtus of a
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a-fjoita of s, yeati'1
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coeffj ..-.iisii fcr pride# The bartf dst» on i
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jf-sesiiige -Awctwre i* Vlatively
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■t^.r-i~ ■ ■ ■<. ..-■xi4

■■

reflectti* of tU« fact that classes ere crgat.ii: p in grvTups; . 
of students, and as that jiuteer fali.«, i.hc nudbex of

iO; This is H 
of i givon nusojet 

, claa*s? thug. Bet polieving any of tne veechsw.

f^ll. Mastagc nay occasleh • Kiaox reduction in building easts but thit
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\ TABLE A5.1.U
V r--

Historical Data on Teach^ Input Coefficients (a. 's)
,»• tj

■ V
: Cat^ory of-Teacher: 

Grade IH^ 'ScSeoI inputs 
-For Years; ' ' 1957

■A

NCE®-- Grad^U
. loffJii. , 

.004^?! 
iOai-its

b Crax^tes.00859
- -f-' ■' - 1958; ^00929

' 1959 .01029 '
I960 .01195

!ltl :S

r.oowi
tf .7i

.0004<'-' i /.

.oi>0;w^\>/, V.'te ..r*

' -w,,or.»s.i 
-".oo-l^p 

.01263 ;tJ050fc 

.015B7

'.806 
.000 2'A

:: nos46 - , ;.0lM2l'

I: ■ i •

-> • '

1-

Craft School Inputs 
For Years:

% -
1962 .00361 '
1963 .00223
1964 .00104

/*< ^,0i68S
.ni5U.
.vl77l

iU V.
.OtffV
.<^563

. '
/

Teacher Ttainir. 
Inputs fcT

1’/

.OK 
,04i'6?2 

,02427 .'-O':-; to®
.01869 
.01823 
.01550 
.01080 
.00941

1957 ' ,7<J0354
1958 .00262
1959 ,00276

.01413

,:SS -
.02099 
.02405 
;. 02380 
.02093

i .12001
.r‘

1960 b -a-t. .01969
,02527'
.01946'

• oissr
.01827

1961
1962 .i

;001421963
1964

r ■
Secondary Graomar School.- 

Inputs for Years: ,;01S06
...01297
.01024
.00510
.00570
.00725
.00495-
,00598

.02437®

.02031°

.01665°

.02235®

.02173°

.00750

.00789°

.00657°

1957 .00109 .03313
.03524 f--'
.03480
.03287
.03376
.04275
.03947
.03120

1958
, 1959

‘ ^ 1960
V

1961
1962 .00050

.00091

.00067
1963
1964

i ■
5

a. NC3 (Nigeritfii Certificate^pf Education) 
of Education Certificate, the University, of London Institu^^ 
Diploma and Grade I teachers, as welT as IKE holders.
b. includi:^ Grade i,
c. tocluding.Grade 1 ,

pg 'Hinistry 
Education

includes those

.(S.‘i* '■ ■

.«??»> •
ic'ial 2'ia<istics, 1957-1964 as presented

>
■i -
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TABLE AS.1.1.b

Estiaating Equations■ for the Ten^poral Movement'll^" 
of the Teacher,Input Coefficients ■

U-
a.b

A.' Estinates Relying on Time Series Analysis:

Inter- Coefficient Coefficient 
cept of TiBob of Tima^j

0

21

Inputs into Primary Schools ^ 
Grade 11 Teachers .00357 .00010

**

Inputs into Craft Schools 
Grade HI Teachers .01128 -.00128* rInputs into Teacher Training 
Colleges
Grade II Teachers .01213 ,00479 -.00067 -824 .902 ■ v.a* ft * t

ITT TeachGi^'■ .00338 -.00046 .508 1.631*• « *
Inputs into Secondary Gram

mar Schools 
Grade II Teachers

, V ‘

.01440 -.00133 .706 1.141*• ftft • • u
4»

B. Estimates Based on Government Plans
N.C.E. Teachers in Primary Schools Cl)

Craft Schools 
Te acher. Train ing- CtiM «>-,* >• fr- fS ) ' '
Secondary Grammar^

m

tiCt-B)
« aa!; = a81 Where » tlr. mini™',® amount of NCE teachers required

to accommodate one student at activity i ip tlmp 
t = 9....15 Ci.e. 1965....1971) and 
i " 1. 2, 3, 4, 5 

•gi'-i'the observed value of the

“ the rafe of change of the 
in goremment plans *

8i.1• >-
t.

■coefficient in 1964

agj^ Coe-fficient ^pliclt^
■•‘.r

1m the p

-i- 7,
. A7,

.3.187 

>0597

. >-
y -a.

I
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Appendix 0.2. S«>pJ« <»« "‘g** S«Uri*f in the Privet* S*ctor.

design of the ijtrvey we* bsecd on tte principle of nininiz- 

' ing the sti, derd errors of the inportenr estin-tes subjoct to • constraint
i ■ -5 V

of tine XI'.:! sicney.'^

for an estisx**'"
. y -

ties nsed in th« nodel.

Tb« ijsdetJyjng .loncUtion list f .r fr.nufacvafiug end construc-

lustrial Riivcto^, 196|j

Th*

t the eeopl* was to provide .nough datai ii* *i« c t
F.n.sfile of income fo: th* edii ctional aotivi-time

oil (ISIC;>Ki4: .rs 2001,498. and 842) was tie 
for Bsi:v.lish*ents in the retailing; wholess'Mng and financial sectors

*-iria» of th* re' ant areas in the North

♦ ti

■le 600-640) telephone ;•

aeed^iid for mining (islP lW-199) he underlying piopulation was e 

liar 1^. .ea^lbliehmettts in PlatpaO Pto_)finca iv^lied by the

- 5t..ri»ticSi^4*Miid.*tiy of =-fi4»>mic Planning, Ka^a.^* Profession- 
xVic-rvices^.fOT whiofcVaraings aret. ^etersined largely by conventional 

charges (e g. the'.^^^Cat and lagA profesaions) hai^ b^en eiicinded fvif

irerc-

n... ♦

«
1

01 s'

22. ni. wage «»d salary data required f. - t^
ideally have been based on a mora coaprenensiv* slavey of the labes ta*ce

enaantal authority to «*«?» cooperation. In af the son^tiv tv
th. mA,l, the stuidard «rrors of the ear^ss
and salary data i»*d are s®v Srsrgs. Cx...Table - .7- _ ’
sreater 5cf««»-b—" f'W' r *oui» ne acfeiWod
s*»l»ida*trlb^ here should be taken as illustrative of a more comp 
sive technique which could be used in any operationi. f-tuaiioa. ,

i.:-
23. Federation of Nigeris. Ministry 6*' •V-s>* 

<dagosi diSCi® • I- ! .-r
'-f-5

■ 1964

t- -j

Cia ....:



■i». i
■^t

tr '■' . ^ 4*
■ *‘- ■"■c.

tk* S«^l« on tl»« grov»»a rAkt «>»«•. oniiMg* «xo nVor refHction of

narginnl proauctiKlty.

Tho overall *a»pli«g design - .,*«ifacturing was a cIb*^^ ^ 

sa^il^, designed to take advantage of ihe lieavy concsst^tion of eanu-

few urtan centers and the reasonably closejeoj . ' ,

.r-
ft

«

, • «iactivity in afading
the8?-.;, .^Tueent*rs Ja. of popul«ion

f

‘ . ty cmuMd for in-or labor force dataJ^J: vsi dasided to >i|e 

Jtistrial and coaaiercial 
b^'areas which consimed ^ver

»rposes as the c^' « ’■ <■ sg i^\tieB; the w-

4,000.060“°' kilowatt
’ <«A.

i^tsckr ^ ..-v
- V. #7'^ i

vj*-64'&ecsii» tt* nriaary saaplinj «B!its.^^

A nuaib^ of
'•

■■•r\ ;.«•• 'ik-i •

' . Within jacb cluster the avsi*.--': y / «t^dati^ 

persons aapioyee in each estmhliahMgt ^ ft^diSpwportU^

. . .1 »‘r‘-

pefsons. ewpitpa-so M tp take »dv«,tage of, the ^ *^5^* of'sbteiB.i^ «f .

■ "• _____ _____________________________________________________________

2S.. Kano. Kaduna.,dos,..aBd 2*ria, - Corper»tftrri.-/.^i|n^
Annual Report, 2553-64 (YabSi 1964), ^ ‘ «=>

i 26. 'Jt enuid not be detejcnined on a priori ;round-!y - *-r the et^U

: ■■■’“VS ■■

?5S3)^0l.. " ’‘•* ■ ■ - ■-*’•
-spiaV

' '3 • 1

<
--r

«

X?:
i

m4
>0:^ vf

... -.. . .. T

fi»«v . ■ -<■-•'
-- 't-.i ■ *rtr'.-■^

ytt;
■: f* • *4

,1

>'
f- )

m§HF'",
- •/ ■ ;

t-yirS- ■ O-i ■■ ■•



rj:. . •

TV* •*^**^^*"* c^

v
■*

' ^ ;
«>

i^eiiai 8{2iSs^l 'V?.'
■

>.4. V 10 p« «<*».IlN»» ,
. . .yi. > ■^-P.^e«t, ^

' fO$ ^^atmn ^ p^r c«nl ,

TH* »» »».^u* •■t»rpri»*» *»M inc«»a^d to WS*«-

»trict#4 t4,ft*J®po <4.iiti*^ to f« ««<

^ . Hc»*^,-.’tv^ ♦ja^Mie*. itf * *^^^Ji•'S»*• ood MUfp J \
■ 2. ,-^‘’*'>4.,

i r -
. 'S- ^<'-

•i

>•
V:-S. yc

" ■' ' ’

’* ' . ^ f '•' *-, ■> ^ ^ •*•'^■3' ' •>*”

th.\TOtopri|«4:^f^-«*.. «%. .-^ ** r 4'°N>4: Jh^ .
^.- -v >e2i^,v

- -> .>sg^v^ ^■-_T>_.. '- — M"- ^ ^.,

i.'... Iht^^SSK-JSrj^Sp
A'i-.--iN;'*

o

V-

«£

'm^*eS*^**- pr^ »“
?- C

t .

V-

• to htw, oad

’,■ '*SVo4»s

-a.iiiS ;!.5.^ ae tikes s-s-B ■

. ■ ,, - . - '

'.. ».i.!;sisai/ mm
.y.--\^yv''■J '

v^t\

¥1»T.-

v/

>I lig'■ vy,' /'•"



A:-~ f -T-'‘' .1^'-' • --.

* - •'--^^

: '^.eSi^

;■£ ■ it ^

7>’- ”
^’\ -^'\ W:• -V

'itotil Htmln
^ , ■- • - '“

'w
> • V'.. -- , * V*

Ir i.'-

. “ -.
;- r^ ■

;
com. "i

• /t4-t- .- .-;f
: •i-.V:‘

•V ■’

I*ft*V«d. -<?^ .• T«ttU£
,-7^;., /%-5- • "% 1J"i £rMl: ' i^#o«***r;

2W/ ^
- ' ' ’JtfS-;* ■' ' • - -7

X^i:. ■.’ >

4S§?v'«

- s'____

ir* .<
; ■’. - --■■'i ' 1 ;\

•'=^< ■

-r-' I
. .?

.8 VS
.S'.*,?• f'..5

•«*» -' 2

^..■. ,S t1«f <■

f. \'it
v' •■ -’rt' :. >> .'■•

. Vr

■' '-ir

- L- ■■’^'
-'., -• - -Y../-

V,i'., 'pr;;/'i " •'
-'i. •



:.?^-;^, Sutsid«Pth<^.^io« hagA

V tt^lisau )8i>cy t>etw5*n th» niiirt>er’%n tha »a»ple and the nua-
is a*pl»inad-1)y;st*iab444^l» lacata the cstabVi»l»aot-

iliiiljingnaas to ^vulga infcw»a,tiOT (2).
, -jjr s welEPtiKi

‘ e-
. jrj.

-f
s. .

V

' ~. 1

• r-S. ....iivd - - .

: "■5 «-St:

bjad >virs, ■>£ tlw

«i- .

.,fSPru .t'#
v;.;/^^J•Si,• Th)e oe1 < 6

‘ - < t.... 9&^-
■ ■*■ '* '''

- • ^ .-A
e “

Vcw-ii ^
. 4 ' . .T .

, •, «f g'tfllc t'- ..

* A

‘- •e ■

'f(.<;■' .' 'tal

>. ■’' v
■.h ;■ r..>'

<*v L
. ’.r

■-»

/
tcrc a

I

. _ • 2S- •■' » " " i i- S'-V''
“•°* ■' ■ . '■

''^ • i*. ■-; p;-^  ̂■■ •

-A.--

V ■i

V".- :2mm
• V..y.a;

^ •<*9^- i.r

•*. : •• ^
. ^ .

V*
• C; ' • ^

■ c»-.< . ,'%■ C\* »e

..c». •fc
9 eV^' V" • • .'

> • . ^* f4 *
-.^c •*V “ i-

I , -I y ' «

^ n' ■ ■■>

‘ .> ,- .. 
jt-'., •*c-J'T

r -

-. ■ •-.
;

H*-"'•fa'T'"

•‘{I-: *■

I>.

«:■; r *' . - ■r’'t -> / - '■,-9

I' > - ' r/
* ■ , _1



hfy ■ - - ..-> ■HI, _ .

^.-y VV ■ r *

J*-

■<- A-
-3-•^•> - **

Awowixfc.i -
i,ti».tbm of t^ Ti« profilj^s of i..rR«i»«5,

-A '' ' '
- --' TaU'^^.SU proseY>ts the segr'easion equations underlyiFS the.,^

Becauee the earwingr^- 

q} the i.oyU«8: life. . ..

■n->' ■"> 1
i*V /

-

of'-the true profiles of earnings, 
not available for later

«
- estisates

- servatioiU wre 
only the^te^^ y*«rs 

eatI»«ed,^^,p»tt^po lat ion 

based on i^reaients in earnings over

r

. ;'

of the earni\v'stream cm: d o-' >^asf«ctoriiy^ 
.. working lir\ o,f the ^

r< . . I, ■!k-^

-a?
■T i

over'the

. 'I.e i >■'an over-estist* - -would probably have resulted it
as there is some ground for beJ' f ■.< ' 1 «^r ■.ev • ■earnings,

tch:,.,. * ■ V." ■

; '■ •*-
largest "Rnnual intfe^es.

’ ' kihjt.
■i^Billit 'to'avStd tWs po«i»l*-Soiirce of (Wer-

' the annual increment'ih \

estimatif: 'it

tiit-incK^'K j
■•"a, ..If .f ““

■ ■■ ...
^ - ^ esti«a€er«re arriv«teat by a ^

V- t- -■-

, anS ■.X-

. 3. ■ e
't.

diffirehi.jfehod;.
i 'rte-e^t«-6£ earnings for the putpu^Uf the Technical

^■aa^Wth'e'iiasis of a sample of the employment‘V '
^‘=Training Sclw<as

;-..■? 'i.
Z °A-

■ \

[

h'?
-<•_i

i-T.0 ,n><.
• #



■’'■a

■;■?■-

i
^ ^y< -J• -I f

4;: l42. i'i V ■
^ >-jv -iw.t 4' ■X

f/-. 3- - ;^dprds-^f. graduates ilf ttiese

icings p^ftle.'for secondary school failures and dropouts a 
cl««'IV. are basedyn startj.n^ sylari.s yielded fron the senile 

s^irvey and an estimate of the annuair ^ncr 

tine profiles.

/ schools.

lents based on the other
4 /

' ft
1fci- The t^, profilss, Jdt eamings^for all acts v.

■■ f i, :

, In order-bo‘esfiaata tf.; 'ski^ne ter»« in Tablt

■■ SI .«a.c•R. )

, deliveries ': “e|.t >: to ioppsT ;> '1 '' (.'<.U.U i.dt

/prSaah^, S of each c ' ijict**’ stri-*.-s ary^^“

Th*':i uv- -- ure^/. r fach type^ 

arage of Wre pPesaat

value of t b« eamiltfs strean of the vai^ous parts of the pWdhjffl 
■ .- ''"t.’ y\\'i

I, Ofopouts, fiilures,‘and-^s-esff*ilrt«lired by the
. r-‘ 5

eutf^t expects to occof in ea«it category,

Ix!«3riable Af 3,,2 were conjwrt*- 
education C Y ?) was then computed as;*

MM'. 's-Ult*. li.e
S; g,The weighted ^ m I

!#!0 avofages appw W coli«n 2 of Table 6.4.1i‘^_,:^

=•-•‘1,'. . -.-v
i

«

M:\
>4I

■•=?3 - 'hN I r^y. -^r -
'-; D-. ^ ^

< <r

■fi.; " ' -^c
- ><<;

by thTstudems^/'t^^i, r V

■ ose records are jwint^ned

' '-c-y-.i v^.af ;t •■ I ■ -• •

, ,j9tghceo, fcvetag-j ai

JV

■ykyH ■
- f- - ■ - ■.;<;|--'

< • ■*•

■X-
:y>.■H-f

.w,' n-..



-rij,TAfiL-b i
.,7 ■r^e'arnlngs^»•/ Estfaatjng Equations far th» Timo Profi.

S'" 1
it.i'i^c8nce Istidji gignifl- 

Coeffi- oance of

' • ■» ?V'
UVel- of' ,5t«nuar;l , :Oorr»-* „ Levei 

Signifi
cance of

R«g;S«S- 
■»ior: Co- 
'#£ficient 
of TiJW 

»AnnuR. 
It,.. Mic^ijS

Errtrr ..

* i>i' *f\jt

y
t ••' '-rIng Ear- Inter- 

nings in cept \ t.X
; *'S) \#Cailil'ors t

V-*'' ■

i i.' •in iij <l-l *(8117)(6)-(5);(4).' (3)
t•f®-\.

i».99.583. .9911 t.69i .119Jf

i . [.S18Prf''*• ■kl : i’.'!'

/./ >■’«

21•«259 %44
! o

1 .2U,
e

909020.•939718- *•«»
V.99.377.997 47.991218 (

r

‘Xlbi .482.99'..r 68.99 V,67 1328
■/

'■ --1;

•4ki
^ •

K «»

%



"a-
cat«» ,<lsat iha'ISjT^ 

of scie^e andi^hnalo^

tiWi)>e&fits in the <?tia*tiq«^ .th| functlqa.-^ •

Percent- .'.^' tota^ ar«i<^e*afttj , t^n^h^iuH^ls fi«uaes asad would - ' ,
«pre.^ ^ J- .

■ " -' - " ‘ k •^i'.

•w - •b.:,Jhe
ts and

r-'t,.

. *V,

/■/

7

iT / ,7y-

L* Z^-i.
t f >>-. •'r O'. .i- JV 'T' e iI e.:

>w - *>»•
V- 1

♦ * ■c ■ V.im *' :^\J~ '• •*.» - -i. •>,.
. v'

,f
V,' \ v

S. 4j•*2^ '-b-: 1*.- ^ '.r-
> c.. ," ■..

-■■■'•■

!JC,T,S. resst*' _ , ■ ;:-.
■«ssiSl€st*e* ■^'> -

*?75!jOTrTTi;fe^,e#t of 5fl.^

e ■■■*■£■ aWs'ite*-' '« f®® ii '■ t/ ■' i>;/‘"
*i-4ii?ffB'ii;i®4 iists-ifetioB cf »d«.!est,ui»al pittas,?**.,:.' ?a^ i ,. |,_//-^:.

ii*?.'* T'.^' iP-^’. - '■‘■j-i:--- 
m'vo l^as«^ fsjppsi' ’̂s..'

\vy
*>

•-c

.'f.
■ ' '''^ H A

\:- -
i?

"e. 'J. '4 -- A‘.'
-i

■t-C' (
, '■ 7

, .^ ,• - ■■

■^i

’ •'■ ■ 1^'

'»
••)--'/

Pil?^
;'fl

V.c-/ ■S’

V'

m
.••7

/ •■,•

Vf- ■•

4>r-'
J ••St

.¥/X '"JS
<:■, %-■

- '4V.



-a

’?r--'■J:.

_ er«s> l¥ - --a» ^"* \

*-. - '"T^ 2-_5-_ __f>- _.^ ^^,,.v«-^'...- - -

. J- ^
I

i-v:
yy’ ‘

4

.^l; ..V
X, S->.. 0 ■1*T

:Jsf-^‘---

" ■ *

_.■<!*r. . .s>-

,. 11^1“- ’ >

. V4',J' i''. •
■■ '

- i_- •< _

• "-J41V^.

y
• J

.. r-.<#:- -
,-V^-‘^-5«f -5«S-

^ - gr-
^3K- -
'‘-m-^'Ls-^
^",

\f r

-jy. ■ 'a "
v-l -i.6;

' ‘

• 12.

“I'’il '• fe:“

-* IS2.
»3 .-4•a-% 185

* * ^ 46- Jf' y
-V , - .2ff? -

469 S^-4 -*.490 ^
sa

r-
:

1^- • i552

,.,§»r '-x,. , , -404 ‘ - ^ - -
'iaST"'-'

-

V -t
-vQ> -21 '■‘■

‘'-■'22.^.

. 24,f:. ' ■.

*=^',

.. 'zss^-x'-. '-jes®'^ •

3^»i

2-
-t' >-%i-

r."

■ T' zs
♦ ■ ■?'

- V 41&
r. <619, , 

630 ,

- - .4f'
-•-X

«<►l:-*

X
^ -

,7^ ■•

-■ S'

■p

mmftil
" ‘^ ’.ixx.--/;■

-'■t- :
fX »^- ■ .

Vv- ' -I?.



.. W -f Ertty-k--*|-.

■ ■ -v.-^

* ■■ 'Ji 
-V^.

- iL,'' ' < '
• /■^:;

■"t .»

■jT^-'
t.

~hJ^~ * - * ' ■ /• ^

■>

YT

* *■“ •' iZ;".-'•fvtc.y ’

' ■^--' oi’'-
-r. -'..>"•

.0 ^ s
. Jl ':■'»

'5- ^ r ^
1529

* 1396 ' *• •/ ^.;- •
- Y

-"-J’1JS9
4;. tm 

A4S5
' ■'

8 ■
9 SI

S37
*''YY, .-'•1756 

"- 1804
,1872

</ ■

■ V'!^' ..\
. - U-

^6 !r
^76 

• 2144

*0 ^
08 ■'„

.-r . 4 i
'S’v

V.T'- C

% . 2 ■;; ' .i'i.77- y'», ,7- ..C

• 7tT re -
•r•;i'

■w -
•^7

{., r •«

717 "Mf ■

.c- \2$K''i 7S7 ' • r
• z.-

21S7- .- 
[ 2180 .-.

2203
.- ’'222b . '.

Yz s'-
V; UI‘-’,S,YSY?‘4;-

747 y
--■i ^418,9 / 7-1!!

--feA^c/'' ■’“^*^,"777
?■ A ■" ' v

V .
/■r\

.'•/'A
*484 .
285?

,-Z,-:——4,^. f

in A:WVJf.
A'-A
'-.A

> >
o' •-

■ %•i-K-
t'\

-W' y.>
-.1 ■'■

^ A. AAA4a^aS»Y ' ' Cft''
i ■■ ,'''A'

V.9 • «

.Y" '-’• V y1
ti

■*K

W 7'^*- .A * >'• <
■'^ " w J '■ " I z Ail: r

4*^-



'■'^n of Utmr oooyt'f.a ifcolOToar M

,,’ .»Ss
■.>-.-^:'^JiSa!m^h.V.i- thos« 1^0 drop out ->f ■ *?.‘-T^niv^'- ?■' >

■ J subsSipt^iel^ t«? tSfe-Ttc^ities as ;’ ^ .

S.tS3 HbjgtS^s^g*’" ,^1*'
, ^les of the three c&^rl^ W- fJ , V,’ ,

Sr^>“S ™fJ«.K»-. i*1“n'>“.?3S”.odi'

- >«^4Tia3S?' - s§h W % «-ec

;V•; i'. h

.5

;i^'

&
b.y-3*"

t^t)
■ '^tiS
.--^V

\ ••

•\ ,v

■K

f

A

-: ->•
.d>

X0ii to t
.u*der.-^r.^'t^,^ ^/'■.# •.':; ••

■- =?„

&§im
/

■/ ■ _•■ . I.!.:&•'-■• ' ■ ■^' •'■ t ; fi



:. >-. ;; - \.v- V ;/^V > •-^,\^*' v-^-'-' •

-■ ■>-.> ’' - V -, , .': ^ ; .• i-

h. ^WiaenT^f ^ ® •du^^io^l > '

V '-^e appswriWi^.«S‘Pf a'ti^r obj^tit. fua^tiki o»V

/

K • •*".V

'r V s
!? ■

$

i •

-cwM.dtgfefmtials My t5-^#lj*tionw/cat ^rowsds. , .

first,,the
the-“s»te‘,ot fbt rtJck of labor with a Si

J. out- '

is^ication- |'
-'=^;
f-x may .-v^^end. oe

/ d.'--«adOndrxche:paaitXf of-t^ edtica^ on^i .nit^ts tn t.rfs

•X-C in ic-nool kay (tep*’*--'; -Jn c-.f ‘i^-

1

. <;-
1 Ofsfei.- d^at'ic -■, acqui.-.

' .i4Bitte&3l*^^ac- t

'•-. ,
34ft of . ??st\tution. i

. i
^;'u.Tu\e iwpW'Lx.MC^

»«, ;:^-itf.icSt»4 l2s?: ^sfa theMman^lv':—■

wobli ■" r '.V ' y '■,'»« • 1

ox-d^ija _

/i

I 4,.^,, OS'

aayVd’^i^iJiS-'.y -a: a: . vjfee prob?^ _
/'

«0k.> ', V
'!% '■

,'‘s^ rH

■'v '

'»ssunii^ti}(:-v''afci

ka^ineV^V;
?1« !*■ <?

4 e:

_ -i
i.’

^>-1

y ■

'•■•v

,-x.^. r-
■■ ' ■- ■

■■ -y " X;y yrx;^>,r'’"'

ft’'

.: r , rs- ■ ^
r ■■ v-'^.
{

t'/y V. .



'fcfer‘'Sj>ft.|i»5‘“^^*“^*'‘“'*’
!5» jS^I^

1 train! 

or #&rce

t .

\ *\
r

-rV ■X -<V\ -<h
'/e . Si ' ,n\->'■'

el
!

The y- • ; /

labw^nth ,a ipewfic^^ 

p^iisent coapDsiti«s of 'Che Na.fthe«~IH^i2»

aber
35, 1‘.^ninff

fr- ■ >< I

/-The
. Iand tha high degree of iht'elC-teEional labor nobilitv

pdIMaa that th* marginei 6f a giu^a %S9» (sf^&bor ia^ not
-• ^ ‘likely to be sl^ficanilv ^ect^ by -..e levela df educational'I^t

to the aoiieii'-' a^ frat.the 4tocK'o^ |,ch , ,

;’- tj
i>^-\

t

' generated.hy ^Sttions 
^ t^fc of irt,or?‘'ln. jfce Norar depend in large degree o* the^ 1»h«T

a'rises because of n« ’ - j.« uuSai/sr of""*' 
outside of Naxthem Higeria who are p^eses.t^ ^4iy<' ' >!»%» -

, ^eio)kwaid aebility of aR)*^f the educawdSb^-^a ««

■tj
\

.-. Wjea :.i. catajfoaty. This phenonencj.

heps

i
First, political pressares have

‘■“ZZ
"" gewrar^ation incyeaae* the;traiBV

sources.
c

. •-■-

6 '•

'

.....,.„

r*\;>

•t,

Ik#i: x,;
i^<1 ;4l'('iy- X-.i?S

s;

i, - -3^" -

/
S'

/■y/
.•C •I



■ .1SQ, A *.
•-\4^ ^ -'-ifTf-JT-^

-:i
< V

k

>' '- •v.te.- V\! '•'v'
.:(■\ y ■ V-fe-- ■'-■'{ii^-r''‘v-

girin riM-^*. • p«iicjr^^;*«ortl»*r«te^«^',
o£^«-North*»». by Hprth*» lib* wb(*r. iupply ^^i-tio»* ^

- '*' oi^th. piiiUpn? pr?.s*«tly^Tt.W by x)^%» no«^Wo5^*»««

•»St^»v*iUbU'to Ui« Morthdm labw: as ,lK ' \ ■ I i

< V*
;-

■ i

- i» A. ~r»lngs rf^ach ior.; MosTof tr^^n-Nexth.™ ,y ^

; ' oMgiaally ■ov*it->*,j^e North te^takr :'t'. ‘>f regfsnal ^&or.^

‘»-th. v :-. -.s - ~^'wire'« be forcia

. c»i!=c. -va^iy of educate.’ a!> •- ui.i -^or -any would le*ve jhe^j 

,^A Jbji^r .rfi=lh'-^e^if*s-Oi any: typo’o* labor in the f.?*?
,;/.»cr-el^i.d by etock th^e.^wi®,ltA^^

"'Northerners, and^a^'preside on ea: ,rr>gs.

iffii- /A
€i' /.r

:-A ‘>'iA».- ■"' 4.^-
.>

'''■ '\-
noa-

high degree ef lAor'nObility ttej»V^ ^'*o!whieh t^eam-

■ ' i^f--accrSi^to spy najor tjTje'of H^or;' ‘ ^5, ' .-

ithe>sft7a»'i^inbW«ve*bnce)^ »(y?ing. , _ - ^

■’ second >^^.on_^nOT-Unt = r* . • ^r.' '-i j*’ v. J •

V"* .i, ^
■H-‘

^ ('/^Thus given, a
/

i •.
■■ 1^

■ Ih « ■\
4

:>
the-

A- ■

i- ■

.'rj

pip
f

9M.
k4

■

. cf" - , ■1 -
I

'©«bK,e.i, p 
l<e '■’

K' \- 'mn ■ £i •>•'»"'.

N- . m\ I■>

■ir^- ■■' .f \.



'*M :«^^'2^s'^^'St|SrT«S‘^&*S*«5*“«i«8 ' *>^1 . f . .: "'■'

t'.
- ^'l.!;

rtii*.

c
1

'V^'
tctwQn

>K,
& ^ 
yy  ̂/''^-'tf^ ••

In vtev

Vs^v...-'/ rT.-i3---

■k:•4
;3»^' nu^xiM a«J"forelA ,«ducators h»v* .eoi(»»enle4 <Sl>%e ';. , £

\ ttnSni-t on the Invwtigntion of- >tt^ Edw^gft^in ^

.-, ,.. ,<^,^*48=- ^ ^ £252^ fffiL ^■■- >^SFk- ~
Biilrn Hf^rU (Ecii^^^: ' “' ''f^ ‘fe^'A'^

,^>,N ■'fvTSI-^'•'. ^'x!' 1

v<
•t-=:

i

c
c

V,

if?"'.;\- m-u
r.i

'■> /m0 r i-A'Al I4imrl

ilfcl
m_,•* -%■.*-- : *•---:

* -j

;• v: m
r. ’’-e-,i -m^X *i

>A ■^v,;;^^.v:"4,-- I* -:■?•,.im\ ,1, A« '..u ■j;- .
■<

^!- '■> ■ ' ■* i

'-■V ,.a• t

&
> ii r1. .i'. /



'.^tifoveient
.Wfcjw, -""• f? ‘•‘»

,. .». ««.. » .:-Ak«^■*<«»' 1. w
'■ jxowth '

.•-ii^,ri. =.^«» ^r
.;„™yi^, «a -i..r.iwy»«?i.«-^ i! p^“"j ‘•'’i'?::S:^-' ' '■'
' ■ " - ■ It ia^«^oli»t6 lJ)co«e di^-ferenti^lC^^th^ thsu /

ifc94 .. ' .
_ . th«!%0Sfii«ti8l»»^out!pat5 which ^

• -4fts^'l:-i as the ^conuay\a’-^5sMifig -ai; iacrwse^

' 's^-.sr's-

■n?' '-'

y

/
V / 
' <^.

• “*“V^-

f fe' •. *‘’V,ire important'ia
?
f .

i?{?' j .-f
constancy <k th4 rs T?t ..^p^ct pir w^^. , .,

■/ ic«l o£ wc i^T fPrts the ^sola^^^tpin^s ^ferentials bet»rt«m
education fc.«^«eajiidbst,«ti^y since ^ ^

^ ^-^.S^^ttere^nle the, 19 JOJ^^'^.-elttisaies o£.thOre*enC ValUl

fA--- «^->-«» a-'^ ^ ' ■'’A'.. ^.. ■ ' , '.

... -

. 4-

th«
C'

N,

'■^y»

f

AV ^; ’



t' '*-■ ^

; -
. -■','r, - - ^ W < V,-- 'V

--^VM<V^)>M

-5^ .: :^-J^- j'’«^iW' '5': ^: A .4c^^»w <*«*•» -t

Jfl*rK»*<l .V- »9
>rW^.tw^. *M£t. i.W .lii»««^cur»-» ^

^inilcAt^ ‘-X. ae ^or wiU ..

'^to Afe»«* J*#f *^«¥ttional outpiits at ctos. to .r
• , -v.'-Oie usa-of tl.r. 4,- 

ii^ Uv«J» «« wwniogs.

chanral^ i^'^tKa Wgiw*

I.
NtvfiatM

A-
iwtiona to the aodei. wi^t :V

• i,'V

V.

tO

V-’: higher than t'he a».ist-'
'■ V

th'e^jinsitivity o£-tfc ■wfcrt'^o^L- ^ 

of oducacad labor inducaaX ^
the deir*a of 41aW^‘''' /

V-^ .

I'Mtf of
.i-

iT »
. ,^ in *>*.pl»f indicate that in this garlic ;ai: case

. Ni-,*
tiOJX igitreduced jm ,
.-A hs8a '»v--

.,_ .N .-'f-Xv*«r-<*-.tb';^- .'y -
• 0 . —14 A. r *>' ,.1^ 7, ■

• .ir-titu*tic.i st,ilf-7^-
V '. \V.-/ ' " ' "

,*

r- .
.#ii j-acttv* ►»T

I

•.\-

\
V

■}.
j \

7- V
s

f--

■•ivt-tfe-; 'e ,
■>

' - \' 7 \V

.
/ • i i Q' 7,.=- r (7 • ,i/ .7, I/ //;S' -;y >> ^-

""r / y

x\\«
A:- .

\
X , - '' ■i^

7^' 5>
\ -VJ

&■'

Sv

:<=
•jr’-"



' \ ■ r'

'’■''^.^"'r'kcirf‘’aa»E the res^e coifetrarnts>Ts

of nows for in«.-educational
.Z -■^' . -tr , ' 'S'-

ieftts tojid in tewis

‘ y. V 'AiC.» !- .'-V y'j'y
'X/

-%- b .. i.
t/ Z-- t rM r

H
•j : .

. V-,*.
of sto<:ks ftw teachers. V)i.’ total

,- £?■ > - ‘ '■!^ fs.
of further educatioij depn«*f

of Students for the pursuit
!^h V;;-| ,::

of the in^tituti;)ns pro^uci? j ;st_u 'Iprpviout^ year' s ou^t 
tha^ecessary pr|^e^isitos. The avanahfUty of teaches in ^ ^

^ •
■ \

r
>‘ ■the pioant of them produced since the bfeg!

of .the origiital stock .>411 ,
^ system depends

of the planning period, plus t^, amount
'i'ou

■

avaiirble to the system. f},n«s^,t^| to^l tad’.Arod use o.r -he .^ichers

e<^(|Bt^cof th<»5 ''-

Thu*; w*-;-*- 1 is c^r-

... ^ne ed).. vTtiohr
in^.ftoiiipletlng the

the pi antingsystemoj^oT to ,i

Wt ;
total AvailaWiitii;.?* ^spuroe } IP tilse\

^tock, the , A
t-s7.1.1 j

. r .jit s- f*B j3
p»lJ

and
Where j is defined as a,flow,

L '

7.1.2: ->
V^:

C 8i^l
/’

■.'A' t' '--=-C . -' v • J'

'Si iW -1.1
i3\£ Sc^iisrr! vi-.*.\.5'-. . .'' ■ „

kit.

.1

tk»t ■ 1



t'4

' V

y: >

.^' :n' .V-
r

’. tke Mp^ciod •nni^al rate < r^l,' .
•-5; /J ;'tea*Wng fore* tor iey;hfr^<tf r^ j

11 WninVI^puC'.^fone 5tua«»»r^actiXr*(^ T

^ j_‘^ i-th. coSste-t-* to'#6rt-,^5»^l4,^ ^.-- “- ■'^'^

h.^i.3i^« iifi^ yy^

•m. «ssw^ ‘

f.y,A ■'\
r -i

)

^ -1^ .'u':■ ■• i'-'

A■' •-^-

^e>y'.' ;» - -
•i/'

S:r.

3|wo telTBS, c’Sfpris^p v e p*u:ai»ei^i
yy- • ■«.* ‘fo rei*»ir^e r- io*'Sr , ^

•‘ Arv .

- . - a

_♦ •

* \“ \

tt‘ » f'- I r-d..}„‘: -. ■ ^ ^ -'

' i ;
li ... ^^

. c  ̂-*-

•■o'

« J.1.3 1 «.
^»•;r

.*- <*■ »

»' -Table? 

along -ith tlU»ifi«»i 
As was ^g

• *a sp^t A t^e 'planning ^ prob ttfc

i«;t9ie esti»at5on-Sf the -. •■tisedi

■iy

in setli^n 3.'3, *a<tainistrativ< . ilitlo^l^ ‘ 

may iTB^osa" upoe* andi^^fC;' '

r

■f.. .-A

and olher c
Fcrlimits on il^jjulue- iflijth -.cattoaaj^ activities 

nost it^^ypla^f ^n»tiK''‘or.r 5h^idi2

■» .

•:

♦
of a^s ^

yyjf.

nf .>
-e> '

by
1. ■/

f f-^
,A ..

- -ij..': ...
4i;i;

:il> .
■v< r^'

V' ■•



■-:^-/r.
t . t •-■

A m-.:
■® *r s'' . < ^ ' •■ -.

^■ 6^, 16^*; lyfii . 7s;o«i

'■' ■'■' 'i', \
■ ' ‘■.-. V

-,w

''■'Sfewb? >8,s«
T*- y

ff' /fh\ h 
• . 1%

■ X
. *■ ,, * >,', ■

:■ V •: ■> •At% !I*
■

./ ■ 'I
/■/ 8,^416 /'»,!>»’■ ,
'''' ■ ' ' V, ■%■'' . ‘

' j>IJ»V ji,7S8 1,867 . ■f ■" 817 
tJ.8^1 ■ 12,IS»2) <2,a^<J

7,8948,69'
V I . '¥

h * ts ;v ,,3,979
tiFi' ■^ ,'■ (“■'♦“i. 
) 3.8^^

■,-■ 616 ', I'. 938
f o- ■ ' '■

i>w, (.

: '
, J.ffU ' 7‘^»» >

■ r.i»4} (V

V

,, . . -44• (.
Sf68# ' 6»5^''

0,ic5i^5n9)
4 «

:,!,M ' «i,468

■ ''Vfc 

:• ■. ?
■’\ -k .

A.!?S0,i• * w
J

5 J
■

«
2,<>13./■

^ i-8 . 2.»4i?

■m ■ •'VI 1
•9J6 

't, (409)
i 764 
190II

3,0*
■ 1,8281

1 . oV 
'1,8" > V « 'VT ..;'

I 2^4wli
:,.402'

:-7’ 1
1 ,607 

(? . 1 79)
• ,(”1 
. . 5V6)

I , 3M 
(1,'17)

87(1814
( 1,1891(1 ,0^701

'•i
^-PV* 3 o' .,■«

Si

I ,'( r (

. ( . V

-t e' 7 s•', 4 V •i

S sBof . ■ ■<.

■ C. ■

y w

■'4' 'V* X'

. i.

¥



* v,' >
( iHf I.

: .l'. ! CuMtDUBu M
294 )^'

\ T__ 1r% »f,. 7•«45( 77^k
f ■ i- I: -i■r

,/3<»; k■ jS9' V7 ' E''Iasb .15 ■'(

^ 3^1 ' '. SljJa,/

* M ‘
-■?

.»-•
!f f.

.."84|^'f i
4. y

/
1P6' .
■7':p •; ; "p'IM

L.

■i 'i
.?

- i> i;6'177'^’ I
A i;

e^' "
t 6^SU -

I ‘7:' i'-s, / 7;/ ;■%

• I,

' V-,:* ? 7

(:V.'■

I,V
I f X . ■.^ •s:s^v/\

/ ■■■1'\4 ^ -h, pfp
‘ '4

;■■ -; 77‘<: I■/

' -7 r-74^.477:7i 'J^. :.(

fr : • M.4:i t .-! 74% o» / , r,

B
77

. ' (?' / '' 
7757-.
.'3 -.

i
,f ' -r

i
•J!

]. ■- '■',•" r' .t .

4C^-'V
■- - -' /< ■j r-m■VJ

■ \
• ^ ^*7 V.

■ .i\'^ ' r"'" «
f>., 7,-'" ^ i.r.^-

- - -- '"■■ !

:7; i'■ >.• ht'

\
. I•'j ’■;

•i.'*7S4 •:-o<,
l"



i

:/^> :t'..J. '->^--#■ "/ >7 ' '^45 . 1^025 , /; lu% Mi/jd '
'* -' ■ ' -i^*#

’WWfB ‘■..!.r
'..A''

1

-'-i

T. ^/.:>V
W\:u ^,'A ^ '

- A.

' ' -V

IIiV
-I - - V -;:;

i !■)
:: ^^'705- (f ■| \S

. .r, I. <

35^ 704

■i'-.A^I i 'i

;V8i:154,
■< '.

'/- 1 <1
'■)\

, ■'"

• ('" *- > , 
,;21^'-"; f2-^2.,l

fi■«».

r
^■' r, /. V ^ t,..^ 

•■ .. ft

1
f/■

■' %7 'Sv7'vj

note^ 4fon<»f4ng pagel.
/■

'I .t7i/^r\
: ft:

1■) ft' r(' .■^ .'M^: '"'nA
\

■Vi 1,

'ft
)

ua(\
hi ’’V-

'. ■ ;■' ~", .A

s.

«.''* ■ft•'.:J i

'-S’A 4^#! v'*

i*.

'■K



•■'. , Notes to ratioj^r^Rff-^'^ C'- .-*

-''V _
'■' .-" '.Esti«iat-i >- »■' . 

jn'^aj 
' flas^ge

' Gtpss number aVatlabio -16 e.,- r* c\',rrti>ing i.^t^^oc^glus ^the
expect^liut^uts resuiti,ng i ■ *l« en^.-lU^^ of P

S-; -h - ' ’
oamings which arfe aval . o' • t- o^tstde ot the educational

- .' ,i ,
/' ^•/

■ f-'
/;.;

' ..ctaviiy t cr4..«ite4 on tne 1964 
, -^Jj5AS*’.*a • rirary r^lioqi. output is corr^tted for

■;/.

rare r -V ..

-rd.

. ■ sye^ft,.
'"'ef. Requirements fox pr; -^” 
necessary to conplete the 
sysfeai prifii'^ P"l. These' 
of continuinfiitudents in o' ' i' ar and

the teachers ^■iver ' are
. adnnts adsuttsd to the 

.e lased os.the 9«tt»ate4 auabers
tits „acher. input xoeificients in

* '-a'^- " e* •*
.Ci . of 
:ju -enent-

t

T*fel» S.3.1.
; dr r?* figures in parentheses were use<) In school

.^p.d 4re based on tf\e assumptiok.^hat the compos it ior of the p ^
5t|p^ is UTWth^^ed over the S' year piaiwiing ^ . .
e.''^nie aivailabie output o{ W six J
studewts who wiiA pn»s thje-Senerai Certificate of Edt^tacion (Advanced 

V Leverrin Vears iglTand 196S. The General Certificate# Education 
fS^anced Level) is roughly equivalent to the Higher _^ool err, ..ate 

j' aVarded to syccessful Form VI students
..^kfeW'i«a%^--of the numbers of NCE and

Vv'ditable- incldadjij^a expected to retu^ fro* abr«^ “ ueeUt-
^4. mSt^weterbasea ^gU?e, suppU^ by A »
;- ^ .(Feifertft Ministry of Education) an<theJtfnistpy ori« . «,..eo. .
1 -i =S6rrheim MiReria.

V

J

t-

■<

' ■ c’

■■■ -:. '? -^ ■■■ '■'

;■■ ■ ■ ' 1. '-ZS J•-■F



/ : x'
/

' tT ‘ /A -/ -- /-cs->•' '.../:<-■

-Vvri . N

.-:>’--7-v-. --'v'' ‘ '■:??■
^ vl.''TKe slie'of~the 6 /ear age gt^ap is estjsated o» the'feasi* of Jefferson

p^wHktfi'n growth o£ 2 percent^-ftecause it is thought t«, be unlikely that the 
r^i^tage of female students in primary s<^ools will 

. Lriod the fmaos injthe table represent the maximum student intake with 
• the ■ existing sex ratio. The imposition of an upper limitr-hn the rate of 

expansion jrf primary ^^ucation over the period has rendered.Hhis constraint
. redundant, ^

k The limitatioft on the number of foreign university gradate'teachers 
and foreign-weli qualified non-gradiwtes (equivalent ta^NCE teachers) which 
^ be fXrted is imposcJ for both political and administrative reasons.
The' limit^or graduates is based on the number actually in the syrt^ f^ ^ 
19M and the average annual increment over the years 1961-1964^ v ^ .
figure for well qualified non-graduates is held constaj^'in «ew of .he 
pSitical difficoTties which would be involved in Mpanding the e^lo^t 
of foreigners in jobs for which a fairly'ipge nul^er of Tiigerians are ;
qualified.

WO..

\

V.

\
st
\\

y i /\
i V

!\ c

f

• - "Vs

\
- A,

r ■ I ",\
i:'' 'i

-- F *
-'vAy : I



J 'thf*«r«iiMi*ts wilkbesgpasiired'as realis?t« polpy aite^tiv^^

■/'the sfisponsftl*'government officers^'Upperi
■' ‘ t'"'

been imposed, TM folloiusi • '- y ^ .

y- ^r>' '' fi•f

161, ''\VV

. 9*
V,'/f

^ -
f

*^/s. S'i.?;:
\1 €X? .7X^' for j7.1.4a i, j .5, f \-N\,

• i■Ji ‘ •'
X?'-i. 1-3)^:.^. /.

-- -,<a, —

■ x.

■\I /
T/^LE 7:i‘.2

^pper arid^<>i/er Bourns-on

" 5-.-: '
' ■i t

X
Ae$i.u/XiB^Vekr' t. /r'-e' .- •'v ‘cri. \x

‘ \ 1

■ -\.r'
i..TT j^wer Bound ■■ .1

Activ>ty ^•' -VI
■ \ !

^u.uuy,J7 "
7 '-63,000

1<«<>0 
140 ■

1/' ..

V,.] -■PrimaDt., 

Secondary

■ *1-1.r '- £JLr^ ■1 3,5(fo
th 260Form VI

■<,«<> ■ 'NFTR'

-----
'- -i- .7:-> >=c rev: lit- cKangOf - 

'%¥eiit sijuatioe-..
Uthoagh the tij«res ,’’ h.’rj' l‘.3 are 60 -0*

»«i,, ■^.v^^flausible in Hi’ ' .*“ /.:>>'■.
v.:,7s ■ enilollment'r. •/ V

,\*.e nduv9 O^, 7,sr-^rtiheim *1'?ei ■*.<
.V

• '» ,
; ., ,n,4ss^'-

«

psS
.'3

T

•1%

■"-■>

. . i-fH-



\N“T;
/k.'s ^

. f> K'
_ Ef^«|it Bitt«B of R.*(^ce kll^c^f
4 ■ -^ 'C- ■5' . . '- is .<v-- -

XWefti^# ’t^educItioiv<^

aW-piri'ces yfc»^ Ijy ^*;:ifr.s>«Ua i» T|)^J:^.^^«-%glu- |^. r-^_

T
J - ». -■ ■^■-i--'^^'.- Vr--?- ■ >'. ■.-■ ''
i-Jl_ Ic-^hit activity levels-%''iiu«iBB*^:^f>j-B^r«stlng ^
^' sultg MWlg*. Fiise^4ricaus4 of th^’plaon^d u^5«Htni of %* ¥ftlM^ • •- \ „

the :teaehet tya^inj- istiyifcies, a*e rufi '»,t ret-:”'- 

'^' .atiit^r hfyR' levels. p«B^'cisase/iti the jtxadr U- teacher Input coeffi- ' - , 
%2«4Wr&yer the^plei^ng period is particulefly iaportart^ia^hat the con-- 

aequently hi^ Bctivity levels fdT th* grade M teacher training eaurse 
in the early years requires the Withdraw^ of large nu«*ers of grade III

• J'.-‘

' i

c
teachers froa the prinary school s^ten ftir adaission .to >%* ‘'t.uUif 01 

teacher training colleges.
::.A

in tho first-.two years alofc lU'^' . -' . ..^ ■vr..
<i.

tea'chera Jare admittari t* the grade U. course-
. ' , -'laniassnax. ; -, ' - --. -

■'"- |ire“KitlidJ»«!ai<4-f ^r>?de-31I td’fthess
m t ' =iai.>'' 'r ., ,

ir--' ... - . W

sS^SfesaaP
slS£S8%Si3?1

'^' . ‘ V'"'-

-'nS<':v^s
S' '• i

■4-'t.ifl. ^ u r
•7 \

';i-•■■.n

t: >.£;i\ •-mm M- .1 =:a: ! /■;.

' <>■

saSf . .-l€l..

laiilttei
-X\\\

' ’ ” ’ s' "’■-' ■■'■■'' ' '' '■’■ ''v'' -

il/ —
-/r •:>/

|-il*:.'a<. a/§-.«■7 -aa./:-V'
If

'-7



V.J->:
Lto'rixTifj'Lie^

sdiLiV '.? <yVA
:i''

Ng: V;
/r' j

^4, i| \

'fSla.-'te'®

:,f if J sSJ

V /.I-'■;'

>■:'ifW ai.iSs' ^^, :;$oa73; 104095 ,
( ' ;

7331
-S-'-

4' ..e'

. ...x.^J •t'I'..'' :

fii '235i'.••687 _i4ej■>» ■• ;9S1' r
^ \ '•■

4694 . ',67s
>■■

-j‘. -i

h 89I

' ' k I

i' ■ r.v^' h'."<1,1y-2 ; 257'»r 18ft
_. -. ■ -^7 i.' J '.’ V. m,1

104149:»v
/ V;,

il-

< / I’t . '' '•.' .,> \. ■

/ a'^6.5 354
f 1

1, 21216 3212:'8■■'v;I t iv
7iv ?457,399,312• ’it. iaun-v-v ;z*):

iil'-.. ■ ■ , 7. . ' ,
S7 -i- '

. 'P

h

• r'V rf'imx \(i IV.CiS.OUTCB^..”,:,, ^ »

■ of gcfe«ainAa*;i%wi>'i
a) gras's ns^-atf

^.'j'aiiaSjIa
'I’lif.'ifii'a
'‘■1( ;.^'7 Vi

'J-..'ir • f• {-

V','C: ' -..A //'2< ' '.j«

/,
■ i:^ 1.1^



■ ■'" *3i'?>''

^4'I'S.3 TAtUi 7.2.1 Ccent . ' j.^ ' 'v';'ft

^HADOKi PRtepvSQLl|TIOfl
f

h S': 'i )

l|ii
*®|i.
#»if* ‘■='

r,?V T s
V

■'•; *

'• , / , a.W'i ■.'\--f,,.

;.'‘i

.rs*..>, ; w.:/4.^ rV/ 1

‘1?'- V^;'^''^- '''.1 ’V' / j
.879*

,ifi. ;■ ^'''>^
■72^ f/fcE,‘357.4 649{. 19\ . 7 \

■': ’M 5J6<S«7^Su v /.-.

^ \r 7''
fl . ^.. ■•*7 • 7f 763)*,1;I 7'>',> ,'c■■ ‘r‘n V V ' - V7,

77 -r#iip «‘ <’i‘i :1 1^- t (’1. .*
\ 'I! *'.

'■ ' r' " '..-i-'/vM.

r.f■^-; I\.^7' ,\ *;'•C \ !
c J/,'•«

■ M 7..^^li.' 'hy
■ ■“ ^ f^' '£= /"<,r,*

,', 'J ^''' ” I J I V ].', ■

\0

..,'^1-'-. .„r-'Ci7-^'.\^. h,'it Viif i mV-'.'‘<’/■ \



&-^tlM''i -i
/ *. -T.. '.‘ >l H<^- S'C ^i»S, ‘‘ -<'(:! r-r m

- 7i2^j' icoftt.)'"'-K ' ^ v', I
■; i v"' *i pft^5,'''\: . .'l s

I i' •.nV-

> d\, ^Ir
9Mr-'%r-rmn^

'■ '-V ' • U ■>/ 4 *

, j''..f.«ak«r\'; 'j

> > ^:-

s;;/. ,
,29,9^72 3^.%^' ._k .

, 4 1

f ■(\«,• - 
' ^'..i«- t

.<} >- V',?
\ ■ i[>■ 1^5

■-..v ■.

163 'K'•'*, ' ' #■:

c
s

^1 /'T'"4,1 Vv1:;'^ \
'A

5. '/ r:/
I

> 19;039, ^

' I 1' "‘«W:
'■ vi, V-

c1
■"' /ifV't

' , iff!

n'- ’V'-' ‘'‘ 4:'«d , \
'■\' ■

/’

' /\
•i - ' ' •. (
*X /', -?‘ \

-/Xf'-; ;
-•■X a ■

;?■'

.-^ -;-t
'f

.l.ol6'4'i '
!■ .:?"’ 'S^^ -)>/*

,l3?934\^17;820. 14,877 U 2SJ25,204t'52,467 ‘'i
r 5p

'60 ,*604 35,810"‘,10,682 ' 22,^^. 3^^SS^"' ' 'X. \ \ II f:

f-s l;4§,,£:j I o h

1i. r
IIA

1T
V ^Sx" «r' \■ r t' /;i

.. V^-rrfce^
0.

\k -'.
■•■• i-i'

: /
\ ■ V«•

9- ' ' >
V. -■• U

...
tt >-.

■ .

/ • .4.- IS\
; 1 i



m^m. ■
. uj-

.<u-^
-r.>

I

fc@S9-5'' v''

*2 - ^
.'-il-^1 V.

J - ••
~v.-' .V ;

V'
-PS- --^ - Jf"'t:T ■^s

3*0. -Si ^
■m'- ■■ -i^

' W:y
- '■

V ■ - >-■-

00*-
^ f -

Present Adaission 
Targets

1

IMt^
■Jtio - —r'

4^ Solution iy I

?■'.

ti|4:S:t for^h^ cd%t:wa.£^^-^;S--

■!

I ‘•7

•.*.

wm
¥l»

J':-N;
¥'■ .-,

' jfl' '-i-''
hr>-. ;jr

«• .^.f" 1"*7}



V •(
.' ■•;■' 

^.(j: ,
/ ' i.

\
'■tf'',7< ■' - ^ , - p- ^ ^ ...V-

Eotfc-the-ettiy rwj

■r £
the:jjeriod makes

^^^.:yf^^^0fthrough eight J ^

enj»]im^re and Ihe ia¥er xapi^
V. '• ., '"iV « v - . . ^ ^

^l^nts'fis^ c6il^: Kiti r^ect^i -tKe first,

primary e<iuei^ioT. activiU^ ,■ _^ tm* iflteractioa '-i- 
xelevftBt't^^er training activit^ev (gradia;!! wdHIT 

inca«n)«rt^^*y,b3^een^thV:^vW 

signifijimt iinpro^nt^;thn.5uaUfica^ons ^Jj^hV^taaching 

the one hand, and ths j^a^df rapid enro -:on^

A,

«■ - -s
rate of - '

; growth -in 
bah^ior of'the 

with tha

points to^ft serious 

goal of a 

_ staffs’ on

the other.' '6ivaB the pro - Vd ^^^es- in the ,^0^,64: put n ^

d

1 ■ - <*
\

■>

•,
intreas. on

\-v

■ -ira-ved-i'M'-- > • aary a

per riijr This Indicate? 
s, adherence to tha. Oualtty in-.' .,/'

cienti the maaiaiuB, feasibx- ““
if '

and'^e> isT m,80&- or 
that ragardlese ef'the optiniting proeps 
ptovenent aim necesSimea a ahJl^ run but diasv^x reduction in ^nroH-

rone

- 'x

\ .
1ments.

2 The-iTOlenentation of such .a pattern of gro<ih could have sSriwte 
litical rmercussions. In particular, it is no| clear that tne present

drastic curtsilnenl in adnissions dur.n.j lev©! actually

S£.;:aT.r,’^:1=2b"K•.:^
be politically undccepfab^ S’-.:,... ' ’ f t ,

...... ■ .-f-X -- ■ Sife"
he-

7»T-

1-It ■■ ■ ' \

^ Ife :is -Vi i
■/■V

i'
.. V W'i \

V

.in--::
'■'-7

4-

Li . •



■^-■^-^ ^C^|pii«#8)air^f-ai»M5i<?Bi- r«*r *’«/»* i*VY

iJ^T^d ^t\sM -,-ik^tfT>_|^ii^|ch96jw*^ -

^at. 'Bxpa^^n pt^-priiary educat'lon\i"1is rational ««<>no»ic¥l|^ *s^^^i*- 

-:_ja|^i^ip*ol^s 4 and >; ^

■:. i w<^*^pr<^=rty a^-: ■
' "^^iiapry ae^bsl ,

'■■^ C^CT^ «ta^o

.^ps,ipn p| Mgh«p

V..

'S

4

political lyj Th'
.V

k

scaitii’teachiiig inputs
eats«v aiB oducational sejetor^^i^ tlie pos^ 

education.

•/i
e

\
<L-;i S ^'

oec^ily stro-nj.,;'^ ^
'■

.-j^l^P.fSineyari.ie the i;-f.nftiiie it eoul^.
' '

;la». on re«»uare«s\ -e^e;»g^ W--^^

pi^ation or... there i. ■

to be -gained b/u«;ing;jm^»PP«s^ >#*’i'^ treatment
'_ of benefits «o»ts and a genrvs; fat't*^^^^'»ty-:'--rf4', tS* -^-£„

Uv mU

I • s particular a;/<m-"

/ ' cospWMted ikitetra^latipHs xithir.
Se '

’' 'V .^1 ''
yti -^...r yjs^^V-

^ S'.

yi' - ■■ v .-■«.-*%-r^u -1
r >.1

J.' -/I : vi^ /'J^ ill'

,., TWri,i©tal'ted^s 
-2.bS8.i.‘«i)as, 'tins d

'’.v?.2.1..,'

) Ir

i»waV \'



...

'" ' ’ ' a'ihesfi tMe ecttvi|ief^‘

/'.. vpcs-.^.

, ...... ..5,'#fe:..
W dat. -in . -

5'» ,M

.€fitrijE3>, CJ-
■//

» te^ito^4n„tS» i^.«

^ / "^itts^rto ^dBC« the extrt«M^di»ariiy 

^^3£^ir^|tt«=herS5tta^

«■

J‘>1^ »..-i4;
t^uiredJ-

;'hish failure "- 

es (cfr.irelatioB VI, Table- -

- V
A.>:

t-'S.

a-r--

s] P5^sj?0ne»«.t ijrarovaetent >n ^e prt«a«'

atteapt.to rdMl« » Urgar pti«ry school ^ ,

• 2;V into the

school

. .^ teachia* stafi*
/

d. an

■ te«;hers within the system and-to. reef«it e;£-caches-■

•• «rste. (cf. the^ecussion at the end e. v,,,c= e, ;.:0..

Ar sac<^ ,'®:‘|

'4- ’
4^,

H.-is S
•iiTv V i%a tolutioB

sH t-* ^
' ■/•-/'i

gy* 3':y 3

,,-'.C.-- ‘■'^t--J^--. -„e, ; •:

„>£ '] v. h'V. >■. *!-'u
' ^ -tyi '■■''■'■ ^■ 
i. V

1^B
w.’J

■■.. L5y, J; ’S

M \

.->'

im
a is'- «em$ ii- ft‘t (■ 4"

#»5 £ «4 ••

4•;■•• •• m: I 1 'V'.Ai- '( -
'AAt



^ '^s^Fl'lEURE 7.3.

w 1

10091
^1 ■

.5
"i-

,so^
y. •S^-

=V
V ,:i: ir'^.i^
l?'i 'a:ASA?y2^-A

?
-. ■<>■' i

' ,V'-7% '>y'-'4-.
<• -li-
'., ,5^- -,.

y>0, ,f -

, 10 -VA ,'■-

£. A (
7J.

%
“v. ;, _>?

>'
:;- '• .<, ^ tk-

& y -K'
,A

.1.:

-“ySr-2,
A'.o

:-y>'.4 y^^McrV’TC' ^oiut.ij«'v '■• - -
•7

y ’ O

' '/

-
... SA

A- .
A-j|jyyf!y,sy ij

_Ji
,•> <r

:-_y-A ^t

r ^

-■6 i»‘.y-t \ 1 ’ .

: iy
■ je,- y ■ :-'***£'i

./? f.,4
■y\

'■ ■ -r^-.^■ r-'a^fi-./

■ yyi'iy
‘'7%ik: ■"

r
ir?t5 s«7l;. /

4
—. a.



mm
th^^enefits - .-

not suffteientirlS^ ta 'the .

’i —'-^jr jw-'.-'/Z-W.<'
:a V--m

edupvt ic^is umw
/

•>
-%:,P.. •>'

^.Jrnumbe^^gi^ie ' --A-

V
^■;v, .xplairttipas-’caabe ofp?ed. ^ V ......^ '

• ■•;

^.,' rs^*:, tiiA*t tKe‘W
*-.-■■

tf«t"d^nd iX.th, >(orthN^^.i^i*n .. n^'^or *^«,.

produced i l^c ,i to a ta*. -
^ ‘ ^ %i>^trr' r^^l'-lasge San^er^t'the < T

1 / '■ i. '

technical training'scKayiS are presently holding
in the courWe'of their

/<
S

str|;es an4.^it •i.5h-:.

m-put graduates
'j^s ireqBtT*ng skills"far below tho^'developed 

jjedion.l,/^ a consequeSca orthisl^over training/ m^^of the stu-

Laying technical training school^n be expected to be^'.

^ ^ j®**® tin "‘lith their maxginni produr^viny i^ ,far lower than
L justify Wr subs,|«^ial costs .f W°ductian. .

'N, •
1

r

■

■»

^i^e^f^ipWing atli«n^i*f» the tec^L*^- education system

r
■s'.p^. >

’-•'•• ,-’^N
..*-rM'....-5>, . . -d-i-^ ■ !l-f § c-^:-/•- » im

lit-

1964 ’ 19165-/-.v:
«a'



of ^e Ix^iBiUty of^igni^

^ —ferttSa of tfie"t«^ie«l; wo^i^^ols;'’ ^

w! ' th^^sibility of groate^'M*^, on t»»__ In-serjfiCe
^ br :«^ corpo^ifons^ . ■ , .

■::' '■

g^'educatio.rdeSi««e4-«^.^ ^ ,

*« -■*

- nu»^

^•■■^ilt!''#JWld!'*/>«>t«#'^* activity 
■ ' i. * \V , " ■'

yoars^ef 'ijio’ S-^e ” txrinins ^urso ^

,t the' North.r- Secondary Te»^ers C9ligge and the

<:r.'

•- *- > X"
1

7^--
\ -)ti

;='->•y--.
■ ~

cant re- O

>.i'

- K. '■•
V-

• V - f
K

levels for the
t-'

'■ ' -.'''=r. ‘ .* V-/-/
and form'iix, and «• '

f^^:^ia«e yea-; 
grao. iJ 4nXxoge«ously entrained hot^d^l Wow

tereira’- .<-X,-HVfoT^''»MSfe -determined

. a',

Ls of priuninan' oreViou* ‘ ' -i

£5 high’a level of odtl
1St teni^ir.U years as 

method co-adhieve a smooth

insure feiresults of tlie eddeJ. so as to

c* from *>.«

ii. ,•■'» yeo-’F

“■S

in the ioaedil^i^ate. \ies

c The^ \
-< ■■«.' i

----_'„.4.,—------- —rTTr*'' ',.11 i ■• /

A4^W-a>-.V’ ^ ., -ly,-
r/

■»' *■'*’

■:-■

s
piJ:^ / i-y-=- \

■«- ■'%■.

i>x7*-73r\



a'r■ i X •l«r5-

rtfquirewefit hAS^I^Avi
•--

^^oai^ing

fro-,^e l^ux*
- iha^Jti^ suggests

'•‘-

•- -'•

~^A
total M^ayj'*^?"*^*"**

drawini- ir.i. -' '

“i

\
s»

4
I

?■''trr^ becoiDf-iMttive.

th^as:" . .
i=t-

i/ y?
^.. •l^th,.l?^i->-<T -■>^ssocn-^^ .v^itur. .n^er -■

■■*»*/» '-''seems‘parado. -oweve.' . view-^^ .tW^,, ..

:^^d^it-id, S| thd IW^ beodftts generate^by tfte solution. "

associated with the -

•'■ i

t,-

■/ S'-...

- 'K>v
Issioa warranted^ by tire le:^ shadow jirioe

“ total s^iafexpenditusa^onstrafnt is, t»»at the|.res^% ri-»di-

, the ^(iSi6in''c«nnot profitably uae'the , .

shadow prices^seeaiated-with a

\ ' ■r...... The cone e»
T •

«I

.34tf E-s '■■
ties end stssictural bcitle.-.eiii.s

total budget allocated to it..
- ach , 

The hiqh

s ys'
Ganges in tbb terminal con- 

■'•■ pert f-i t.he period.'wiliybe'shcwi in Appendix fc’-l that 
« • ''SitloftS profetee:'«af>»juc3- • -rcias• ••;i c.-;jirr;r ^
j ■'. j-

, iSC-iTS
'■ ' 'f ■ ', ■■

4 J'l- i;—: ■'"

Sit1-

4i|
r*

-.'ir-,1fcy->4l'm. i -
.i' ■ i'ft.; '. ■'^- V 4M. ; ^'- 5P- Si;* ^

i; .w- Tyrt



mm
-^^-,c: r—w^'U

.•^-. #>" m''^-'v

V'

•“«''^-*»^f‘“‘i^ '^l^r
^ ■■ ■ ^ :' ^

.-:^^,4|;^-M#^ell--Wlifie«i ,n^sr«h»at6s in the-_
Of th.co.f-of i«^g%. co^:':

' I dt£ ^.4.Ub is met. The pv.sibUity of^&pbrting f^^gn teacher.

shadow price of the?e teacher, ia the system.

\
■*

v

c...

■-r
I.H 1./■

12 -4

a celiing. on the
' -^Jft those yea^>»n oonstWlat on the maximum number of foreign

.•>* ■-

'^y
11. A» «rr»d, t. th. .li.i»..l» ■’'i'”'* °f ii.^r
ilned heic*- The total i|7^fc'' The ass^’itlon ot constant

:rhidh the a«-lssioit-ef '
a cpnside- bXy Jnc?ftE*'»€= 20s .. :

m- ,4 r;»iry - ■ ;;■

SS2^ ’■

* Jiisf
';: v-fTi' ^..'#i--

il»i
rifljsa

Jig mm•“?; t- x^mti 
y^-:M...i'rS-r- .ii ^:2yj*K ■ fCr

f•;r1Sifevatirf* i»ifp
r.»

., i. y^i'at

ily isi'tel^ve W
tV V

> 2'
k ^ ^'' 

J
«r

:-j,?ifc,-, <*■ ^■'x:4«rS.
j'\ 'K

.»^*v ■?'



-cT^ j
r^'' '^ •*• ^■■ r

Mi -■'’V'l
•.*■'■ -■ '.t

■ '^i , ’■ -n- .f-'
‘ V, , ' *

J^•

.'I

-r .
P’Nj^Nrs'iBp^iM V»:SBI%vi>/^sh«k-,-f^y^ i^: tfej<, M^swain*

''^•flicts th« ©n total nfl^' bi^f its : “ ? - ' ^v*lii^llity ©f^ M
- . ' ■ <- ',.. '--«■>■ . -.^ ■> •iift^-.-_.t_'''“.'-^. ■ , ^ ^..- ■ , - . •'■

- •ddltion»l--£<»reign tMcher. TJwiiT '^e^^ilia^ !f ' i* is tK« Sfjportimity
' ' ',- -• - ;■ ‘. ■■ .. ’ ' ‘ V ;

cost of sotting tho Maiwai lovols of aaportation^t thoir present 

,;-levol5. The aagnitade of this oppOTtu^ity cost (especially well- 

. <^^^ified non-graduates in poS...8), suggoUs a reappraisal of the 
loveis at which their eonstraints have keen set.^^

Third, the priaary school tea^r training bottleneck is re- 

fieftted in the higli shadow prices of grade 111 and grade II tischers 

during the oarif years, and especially in year two. Similarly the high 

shadow price on fern six leavers is an indication of the serious shortage 

of students with hniverstty praparatite. y.

It is worth noting that ewihdi^l^rtages arise only for those

reswrces^whic-h are not internationally txhied, and which conseqirently
ett«it.Y ■?■'■:■■■ 14

- £1* charicjeoifiseii by short run inelast^#Mf sapF-^r This result
' ^S$§s

■■;■^s. -.•• iv moT^r -*.... ' -■
.-flsing in

Siif ■ - ' - ■

■y.

V*

i

-'V .
I'

'■«

i.

•::

•i-.v_

i -
6fi

t

V : ., ' «ars.

-.aifffst’y %r-‘s..iz 'ii> iU* 

-ii-nfS .sehtols pse*

tSti*

fM »rid| - -. 7

isswy;:. ■''

;.
■

, S' ■

iap#| oV^«d- ^ '■

■......................................

V

t.

-■

-■- {

mM i'/.'
f.m f ■ ■‘m. IShitrSiP  ̂#r'-^««K>fnMr  ̂■

r.J'- .-i"'.-.vis'idte «is ^4IK*®*
, ■ ■ iiv.t; .•rl'i «.>,*?.'Ctr!)‘i'r.i£V iSJ/t?.'? fOt i.' '■;

«i! .>i i-w j si« pl^c.T J cr, t,B^-£ M

>0*'- ■;

t

? -teiir,. '.cn- ■'. /3; :
,i

-*. ■■

■ ■ t
r" •A

..V%



'Xr'_ \'7,i^'

■'mm.V'- f

Tx
'-•iC- ^ ^1:-*.

J ■s^:-V
J-1

-. t ■" ' —

^ia. ni

'T-i-,

S--1
~ - TWi »h<4<* price* for
«,.iUv. i. ,..r. 1. .. i. -^ •■ »» .»•« 1" * ■'—i

O.. c.«.r.i« .. .~^« » «»""«■ «“• “-

.,!.« (r- tv. »««*tl.n of .«o .ob.titu.W.ll., »..~«. .M f

,„o. of «.oh.r.. 11.. v.rr Milt Lvol-of »"“•«

...Oh... ».f»« >*..« O', “n'-'i'-' w “‘•'•‘"y^’^iir
"ti»ted wltl* respect

end gxsde lU te«hei^^ 

and Wn-teechiBg inputs-

t®--

..

two
I/.

for these
' . - -■.f i'

Vlannei pfoductien functlans, sRpuid, ># 

of substitution between
|3

possibilitiee
>' ■ ■■> o !<■

SBd svfcstltutics .b»tw?9S, teschia*
«,. of oil. pW,l«»» ..» W..op.o i.

epplied in section 7.> (cf- solution \(^Tabie 7.fcl); ,

■i

\'km'- i\ '
f i.- s

%•f-lrtwr't^es tew^ers ,Wtirth. tKe high shadow priests, o r''

.„n..ts . r.oo„.i<l.r.t^o„ of Ot. of ,h.-.upfll fVioo., for^ -X

tU.o footor., Th. «Kiot l.u b..n oonstructrf on 0>« b»i. o£ ^pplf ,

tetsl specified 1>y p'to the .functiow which'yieid s fixed sepp^y, prt^ up
element of the coietraint vector, and jw infinite supply price ■

th^'supply (^teade« toclud^'.v.

^ of aovement of these -teschetS dur o£> V .

^Iv - '■

,■ '".i-iyv. "the
■»ec*ll *jist the limit for -^.•'V. :V.-r-.tte7 ./■

wj

. Ui thi V >11 sy ri’ r
e

in vi(w of she
■<’-; ■ :■ ' ^ ■ k ■ '« ■ .■

a-s f

♦r-. s

-.6-* ,e5^.-S , 
■ ?■

. :.i s

.xm~
J96S •

A Stao« pies#*!

i*e- rfiiSi?'5 V.
.^7 i.m '->1 /

■ •'••S:-.- rbe- /• ;■

* ( '7 i
. I.'t.- ■ V'

A-'- ■



2»y

>i!>' '^;^- ,
\tL

;i-‘‘V‘

3»
V.

\
ft for oxp^dittg Jh*

V poss^^ to >ecfj^

B ;h. j^:
. B.,.i~,B i.:u«^ i»=~*- »■> PT‘^ =‘^;

Sr,, -■
^Yilt»>iAf4-6<«,i ‘.•>i>W-r-Hif iStltt ''-

l Xd b‘me
■ V‘

/H

\

, / •1

,i\

\Y -': W
: %-

. '—
' e^j' for *;

jfiritioa rale.,^d'if ^ ;

/ -V- -

■;-

‘i f.

w.. «-
-'■■f^ Cf.

‘'ri

■•<•1 , .//
A iS\
I

j.Y-

/•

7\^.-'v. f

%

^
- ■f< I.

k>'
'• 1■? . ' 5 U; . -«nroi 4, '7,.^-5 >• •r

t

F-i i

r yY, S. 'Y' ^.? -

^ \ i-V ■ ■. ^ ;5? tS ^

V5 ('•

"'ft1^
‘t-

■ Y’t'itV,../-Yi •:
7-^•N- S-'-'-•; ■C.YW^ ■•i' w v-.vV

■«»vj(r<^ i • ■ Y
'<a

Y-Yr-
iY;- ' -.

..X"‘‘Yr - / ;V.%!w' .ja»JY i970 Y^^li■. I9t>6 ■ 4 ■• 44; If*



'"•* 'r-'-

1 §«p^ly F,^..a/»i-firE^:^c>,.r, «d -CE Ti»ch.r»

’■■' ^ '
■ 1 ■

» ^|pr6t|3<^^»rV^,rv:V»

~‘ i ,'

m I
«• ’ t i

T ■ •
» t

V ^
/v' y 1

" ^ -"i >-
r

kceA I
- A r^'

• --ihi .I. - J*T^ ^
-

I
T»*1- 9

•. I- C ^ »
♦

^ '.(dopiestts9^

^v.\r. *■

vV-.-'*»5;.-*':3i'

I ■,

,_jr.^.V
^Mdbtte T^-

- «■/r
A

‘ ■ /
*■•«=•■

• ' -T-■s

'. J .'
■-J..

f , ^ (i
x". ’■-.-3

r. '*> ■>’

7S0
. . ■/-■

7 «'
>»Cfi Tvachart , 

Stic supply)^7. ./ ■ *•<'(' ,''J 1, -■> ■■ .>,■ S- '-af
V/'- • ■■} XSt-X'

'T 7'< 'a
I'

x; # ■I^ . /. f

■

f
; .■r.VVi»i\

V V-''i'%.i ''■ ■ ■■■■>

/■? 5 D <vI T/ I m90 iiJ'•:Kr vf?:
■ i- '.-XP. ’ ■ xxSv

,.. n. nxs?^t^ th*. '- .,
rp-; -*’.^':‘'‘ ij-=s

", mk-. i : i

K !' .i:-'iSt^t'.?k '3# '«.«'« «Ki»'£^-’’>£

,x- "■ "■

^V,-.! >«ii4pci';’,T rh.* - J ■; 1- V
;■ :

The r' -V'.r-.;.h ^ ,

X !|„>x

b.
:-!

%^^5

irif^:
, V.. »*•L„y'•x • •

i.:x 7
■■ 't..

i n4*.-..,.' ■'■



: ' '■

''jftW^tli. «<pb«i ai Stojj^i [t^'osfl s»i*%

‘ <ittdu.;. Wa.»i>'a«"ls«'’»'‘“*«- ’W^^-'^‘#>r'”“'M?il. .

' of'is^uiacy. I,ut''th.'8<^3^i4 c<^stde^t^,3tvge^^

'. ^ ■' ^

--5. V.

‘

-.■■

U■

<■

. rv^ 
w r./■,

I <
^ . ■ -~-

lit
■(

i•A.

thi^t it is v*ty ..

<h
A

/■-

I h:

^ - ,- i,--. ■"■ . ' '

•-: 1.J

>■' -■

o#-n.

•s.. Vixtwi^iy no',a.
a)

a; »..r. f«iil>.'»pl<» - "»'■»» ai" ■• t •

.-^X'

•;V M

chor«S3 is the Jiltejffktive us4 ^ f the 5A^ent|-, it >?hold

served that the iftuiiber of t^s suited 
li«ited. aid that -ost fa«illes'have^access. fo the services of other

to ,pl^l'd?ih of th£s- sie a^e;=<

■ ;w .
in relativer’ families. r-- for ,H*

•’ j^-r. '.children in their own or
Fifth, the (^portunity cost^f using -sore teachers'

Jtv

■■■i t•'5,

for Education is equally difficul^|«vileasure. Very ffew teachers ^pear ^ XX X ^

••vgi '^
, ;-irii»4,*be ys'-ation peri<-)di. .

'■J.-'i TWJ'ui^safet, ssi
to get .r>-'>’‘'^ry employ-;

•, ay;!Her use their'v«is-ion

x;j,.',
V. - .

v; r tl tlt-AinH'isi i

t,l»j' . I't X ^
{.-.f

I

sSVS^
k 7;;. IJ'P': f*?w" -

• |»£ 5;ifi«S#.yf»VX^-^
1 !.!.

ansi • :/

-\4i\4i> I- :■

a x'
•- .X ; I A •

it. I
■• ''':3

. ii.-■V
.X'

M' ' V. • «■

i ■‘ii



^ . -■V>.

j^^ng vic-^iiT^

mi
•;5g0:fe-;S^

pf^'-fr school

j1i«y^Wf« j.41«

r^.-'

f-
It . S’.-•J •

• ^ "y
•'4-

■4^'

of « reduction in th<?
,;;^ th. O«ono«ic ,

■ ' ii^If.to'soroV-^. 1

-i,rro<iuC«d a new primaTy
■-/V

for years 6 and 7 have 

in this new
•:

coefficientsteal■'^wn set
« in the seven year primary

annum remain un

to bJing the five

.....*‘'
1 is il06R.^'

oth,rwise ideftticaV toactivity are
ludent place per

- *siissl acfivify. . Capital c -tr^«^
Yoarly recurrsiit co»e" . .noreSSed so as

, ,«h««>gea.
Cri

year

Thecourse.
I

of net benefits for year 

, The effects
value five year primary school 

able 7.3-1 and Figure 7.24-1 •

of the introduction of -'>
-; i' ■

-’ 4
:-J-' ■mih

£S£«c;S;j5|fcU,.^v fwiS
:?Sa«felS.W>-&

: y,8<Sf# -mM

r- ■ -ifed -•}Idw.^ ,.s:,ijm a*' ■y■i' sug®«-ft’s that coitsidrras.,
V v-r. ^

tha plstnnlni!: piodustien -ofll

ijits^atieesUy txaped -inputs.h’M-* -'Pfe
\,4i

If'l

t fv^4>
: .fftC-'t'

ft if* ,mr

e5f|E@l« mss: pria

■ yla--
V"

■.?:•.v*ty m i.-.f1

i'i -
OP Wii®

.v-4

■'?i

P- %

r^jL'y



'■.« vg(« r- ~w -
b'>' Jc.^.,v 4*:■■

c >> 4.m ■ '•w2->■

C ' - ■^■^1-. - ■

:J5»'■■

‘f- “r.Vi'

'i
X

■ "afort .ix.: ^-

.•;

. j,. ^ . . : '\vhiji con»4a«x^V«iS^^&

:-;-m '•^''
couica*' Wi wiii acetpt n * ^king as^upjttlon th# ptosition tbort^

V. V
•^, V I

woit be 4ose on the.qualft^
.r'

f
y ■i'

«sed to tWe throe yw urtivers^ty J
■ •^'K

^.y \ -
^<^44 BO signifi^nt'nWlitative diffA^ca 4n .ne tiirV ^ ^

Input coefficients for thtf f<iut u»..versitV cour^^ y- -.'

«■

y

K^Btltal - to those of the rtree year eovor^^ ti 4£t thet pe input of 

students refers to secondary school" lesyers, r ther than Ixth form

■ .*'
C

‘ ieavj V?s, the costs end'ail cth^ extena into the-fourth yeex, end

the-foregone eeitiings stteih i*' of'flie 'shceeseful . secondary jehoc|>-,
leiver rather*^than the sixth J^'Ieaverf : 'adjustment ia the 'Objec-

-i*’

-.tiVe ftoietion coeffierent xeSlted in ;r‘ '?■ >pse frw £10^,1^*= to
fca^fhe co^i^cient iefetTiiig t*

The main effects oi the'i.._/l

can be sed^n from an ipspectioa of ,

‘i *'■

■• »

i'
-“V •

V■| SrT'

• " E14.320
4t Iyear iunivej;; 

(Table 7.4.1,
•v

sity course 6«
*^^"6,57.2.2). ,r-.

•X' Va. Total admisslOife td'^’feje uni.mtbity';
;er^ly hi|her-th«-n'th6 in tiie orev'iows r

i . course Zu6^-, co.*'i \ ■ *4

relation. ..t

.5

• > ■

i, ? Ifs '=5 ^J?#STsb by Dr. B^batunde Fafunwa, Head 
... .. of NiarTie. sujj-nesrt ■tl, iiruu-*-'' 

isfvth^-r^ •• ,

fee£s;*Sa!*’f. --m

Wusnl
bl. - ' ■ I

' '^ '■}

B- VrJ,-..at-'■.•■:■ ■' ^
pii.-./' -['sys^

rrj

s-'--m ; : - -ki/rt-’ "v. ? ^3
• •.» *

■.'• •* . - ;lkk: - .;^-./-■

i-*'

■f'



444^'M i4.''*;4 ^•. ‘
liia?*-'i«m.

~ \\ -.‘r . «

V:^ ■fOvJ
tTABLL' 7.*!..

, - sourruM*'/ju Acrivm i^ls

t

• ^ i.■■M fi { \V

h «.
. •£

3 ■. totii- ■;

I? ■;%iCiijr%i4-, ' t

A.'.\V- , 7&432- d1 «
;/ ;. I ]

1 ' <156in 17*0«5 72«3|$' '

»0J1 , *4j»8

•<^f. 81049 lOSStiS• ‘ 6;hI0(J 4^ 100 S7350 62345 ■ t
■ ..'S: Ci ♦ ♦■>

f762 4051 73316718 6641-8874 flI<1 ((4•i i4t' sfisfy I502 ,211617 432V 1260 . ■ 882i6oo (
V.4 6066 ZmzSS76S56 '41621 >46 ^ ' 1195 „ 399x8S2

■f

K '.
ing /•• '6i; -•• ^

mi {XK

r'^4
•"« \S " t

-is-I' 2is9' ,;■,

300. 544iS..r120
f.

ssa ^ i37i 224 2157432sa^8 tV-*-

^UV*r <id ‘A

■2^ -;m
.1 ^- ;v

263tyi'

li" ?'■ ’ ■‘'’' ’’*''■

232243. 376 344.66? 4
. 4

t.^
213( 1082/12212712SV 37

+ by the ;

* .%■ /

f.--..... '- T-'-*-

2 .

1

1>■■m
4 t fe

. •:-■1 rA.-

£;■ •r 4» f^ .
■' <• ;?', ■■ iIri j..



• -
;. - .iS<:

.y
. *■

■>!'• ■ : -.f
*.. ■ 1^. ^ . \ ■'•

J- 7Tile present veltie «£ Wt benefits--generated by the system 

increase of i27.06i.l67;^fi«i'e654,822.S98 tp £661,883.765.
■■ b. .

shows «n
The recruitment of.e^^r university tea(*ers is now

The shadow p-yice
v:!; ■

t-

further universitythe main obstacle to 

of senior university^ teachers is positive for .. r>eara except 7 and :
The mr -ifftuiirbf this

' f*>'•
8; in all other years it is greater than:BB,000.

prise indicaies that additional ekpenditure on the recitmi^ept:.^
even up to a pcKnt^

• > .*
0

•l

■I

of univenity teaching pprsonnel^would be justified

where the cost pf recruitment ex
“ • 22 ' by a censiHetable emoutt.

. c.-»

Ibe iMivertit? onrolll

pd the present salary the teacher
\

■y.

a in solutiojp'ill are fe bplo)* those 
isgion Government and Ahmadu Bello 

|i|uted in which no restrictions ^ '

presently planned by Northi 

University. A selution has

T ■

placed on the recruitment university t.achprs (solution IV.
"^^t increwe in the net benefits

indicats^s that a considerable ex-
Table 7.4.2). While the si

, (fro. to £720.:

use would be justified fo^pTl^ruitment of additional senior uni- 

. believing {hjti^tnb-'’»iiBni^-
.u^t aul

teachers, there /e ■" ■■■-*■ersi^f
.fiWsi .

*s t,\<f fj<,raita:ont
V.

CrOUJfl

tih^-caa.p»i?.y !
rit s\M-it-- ■ -r-—’

■I.

Z.

^<4., *. ,av‘;+'

y

- ’> m.1\! ■ ■1 mma •- V •'S

... h'- , >

"W-M:-' ■ >.. / .
5.v^ •



■ ^

■ ii-i ^ 4 S'... 

::.pf-I i f

r- ' ' 'TABLE 7.4.2 .^' ^ ', '•.'' '■

SOUJTION tv'

,9 ‘■■‘•V’^.r.^

ACTtVtTY ■’■
.-'j

' I 4•?

K^ ' '•?^5l

i:: !!■ oS3 .ii.... ■ VM=4. tot«•j. A.- & ','.6■ .>h-/;. 1 4 ■32 *. *:
■

t, ''fli. •’-.iI&- I■0 '.10S36-3 ■■'■ 17l».'
8880;' >«ng

44100 57330 li'V A- .V
••>r>

", Wl' '-. ' 733fi''

' & :
■ ' -J '.:4,. ,

■ 6U<‘ 416Z ^376;

■■ ■, v|. '■

4105H.
■ >'•■

i.' ’V''-
' Tf' oi7S-882, ^0V •r-o. c

I •: ■ 34f1892■;x ir.'-s

4,.; ■'‘' ' -

, '7-*V#.-.
, 4’

fcia H . \
rs^ >.

■^i-. fS'
'l4?-4 ■i

" 'V'

-M
''' '/M’ V

212 .'-S’ :-m

/> <«( 4'
■■• H..<» I .>-i ssb:'O'

344,.4 265 :,204si

' ^ ■-t .•inrf, 124',** 806816
f

i

i>
-S|ff> ./': Si'r\ - * :•. ■ '> 1 . 4; (i ' i '5 c-■!

. 5^'r - 319 s"^•^y;
■ .Sf^ ;';: S ; '212 .'<•. \‘2t2' 4

5 '.4''
f ■>:;:'■. ' •248r:' ■‘*ii.s«— ■;'» i.:i 11 |f |.^;'^>iAgi'-|' #''

m^U-.s;ii! ■

_r
i' ■'\

4fi •- m42I11
4/1

'. <ex’
f f 720,37.1,4t’5 ■ f ',•

f "

i’" '' a
• ■'• .i A • ;■

.4

♦ {/■

.■; r
..V- mi ■' s S-' t: • rj

‘A- 'W:C**-»•»fr ® i, i:jS i * 4.jLj.V .^■

■ '.w''..1



-V •

V.r- :V*:-..

--

. :V-.■•»

•S
-• v-< ‘

.■■■■■ '‘t

''K%■

J«S■•*.-'•. V;
^at

iiv-^ **-
s:?

- -# ,M
T^at iarger nuabst* ef 

possibilities a^ to

i.«- ,i»!,"W'->.■• j
„■ A' a.

m .-^-- - _ jS ' •»:

th* aal-'iWrsi''
r. V'

to lov»br*the vnfc i»et5.ai ai

imivexsitias abroad. Only the latter,of: ties or w seiid students to
possibilities Will 'be'con!, ide.’^ighere.

foreign university study have been presented m ^

23 of theThe paran^ters
these two

activ'ities pertaining to 

ChaptSfS 5 and 6, 

illustrated in solution V

allowing foreign university study isThe effect of --
\;>Vv, ■

Ctable 7.4.3, Figure 7.2..7). nMsely: 
a. The admissions to Ahmadu Bello University are JohadgeA

-iversities in“*years 

the stoe period*-?^ 

university activi.-f 

, and because the net benefiSS ' j

»'

1
while t'-». number of ,.*u.ivi’ts sent to fore.-- 

throw<i.‘ 6 exceeds the tntake at Ahmr, u 

However, dui

ccmpi-'L for secori._.ary

<
eilo ovcSf 

7, and e -le two
I

^ool laavars

somew'^at :cwer than for dor . Stic sti^
' . r:

« '

4 -■*' tv,.aigr: Olivers', i./ study areC ; ^
foreign uni ersity study »cj;ir*iy i* CUT-

i-. ■ - ;'.-'.i6tS • • ’ ;
■ ■ 9 i> ^ *t '%w{D, yie*’‘s.- *r:%*s'r4'V s

■ ■'■C
\ « «?...cx -t7 Vuns V

u-J

f . . S.4m.C $ i £iwih df adaSii^oas
, f. - -V"' - ■'

^r-._

I iu' IV slhoal'.- war. tike _ ,
’- ? ■ y '

.. . jr , :,J * (P
i..5: )

.-.'.-.r-(6>-ir.

15.. M?o
sht; teirtfev.- »*§!«’*•■

■“:f SiHff
1.^*0 ,oiU r-i<* «■
• S. ^

.i-;h!> vivr.itsytAJ'.' ■
■• ■ o.-. ..;'. .. ’t'h^ .. ,.*v'

■p.fe.'; .vpyaswne. .
'.Initrarsit): is

• /r

•3^.- .>r <:• ..^ «• >.■ •'.< ■

raf
:w

C'*'U5:' - -«t fyxs,^; >- t .9 S ai 11 i il ls ^iP
3 w .w 'tf'tuto . r

. '1 ■•••»
• I 4 lOwfI

1 «.•.
,/• >%..It •SP'

1

' ■ ,r

.... .,'j

->•
r* ■



■ .'■ f’ '■ , ' ■
..^ krt '^UOO ,,,S7330

> VTMieMis ' / *
•t

10S563 ^973 178^8 ’

' if C'V

/ il.-' .■j^tym UE^tEU • I
- f6■nai ^r:''

-W ■'• “; - ■ '

* V-

62S4S ,
^0 '

8874'^.^'6718

/
V- ■...

•s.
'■

i ■
■? J''-'

«S1
;»/-75316641A

I '
4;• •«*,>* U ’ > •••. \

I 211S V. ^ J02i 8B2 617
o . • i
;\t97 / 3»

4S2

• '■9*

4'» y’i'

... '■ /
*5i37d «066 ' ■4 /8» ♦1<'2

I V ■
■/' {'\ ,

S.*. I'-w
61S f

f
■ \\ • i '. < •.

f :t\ /- :■<

a ')r X ft ' *3ct r.

•■ A-

> ' ■*«

. !7 ? aw'-v -3W.i!04 344 /1 A.isr ^A. \
'■ r,.«?,

A-m,

t) 558^♦/ . 452396
■I ’/ f

’S^:, ./: •

••■-I ■ ' -•■ ^

\ i

714 'I \ 422 549. 325■A

■ ^;V ■■
2S5 , SSl^r 293

;
j /

,-r='’' • 139

/• 37
“ »: 

VI':'-? -''■

;'W c

'^OWJVI^ m-:' "691 ;
:-i ^ ■ ir- ■■ „‘-X*’

#■« ■'
r;

' , f

'J^ fT

^ ■-

■f'
• . * ■ . *■■

■■ f, r / ■' 1-' < 'A

\ -

•i
-5r %

. ..>»
i. r/lii-^l-. it'c-',

. 7?
yif



■ .VC.

■ V-i!*

■• a •

V ' '. . __C —

•V.!>| :V

■rl ,c
*'V. V - i'?f i>t-.■’ '4

' ’ 'a./;

« TAULE 7.4.3^ ciont.^f 
"’SJ^UTION'V^ SHADOW JUICES ' ?

■ .
» ■■«V; •• 5,,->i

■f

v^. 8u1 ^ ■ '« '-'T' ' V cv
av "

« iT^'■.

■ « ;

w ■'*"'■ ■'''

^ : r

V cf

t.; s:
. ■*.<

>'< ■ / •',‘v- J:> <■ '• f ^i V--: . >. V '
• f \! .

■ r- «s
.-?• avers __ y

'■ A> ■'-. ..

■c . -«e ■

■c4’
/ •427 ,

t.
‘ '\

i 15,02^/
t\ '

ii' ^.769 V,.,14iffiia f'j’

1 I
v”, ' 10.167V '■ ’ <•V•V : ' r.' Vi') '•/ ', V

\ 17„37J ',23,648 y :« J.2 .•962.780V / I ./t,• V r- \ tl4wIO'i

r
K..,' ■ ■ 'T' , . s-

♦*; ' '"*>4 '■

rV
, A , • ■ %■

1,427 V*l,37i 705,436
N.v ■ I •

1>>< . • ^ v
A’

649 408^728-r' 725 68Qp5 ■,»■'

*
■■'4 •. -

" '‘'T e S •’■
.U

, ■• ** S.r

,i cvif)

V 7,*> ;* .«•,C) i-v 0r- /. 0516847187SJ795835
t/

. t

/ W* # •
.35^ io.331 204,525 7.19424,017 10# 221,547

/
■*9

• i\ tI

-8- ' ^ • ’2 • 
.iv':'

; -t’

•1 - ^ <i* •'
■V'

aV •

'r
■ «

'<*» y,* C4- ^t-
,„.c ■#■» •

. c I \V'- 1 • /,... •
^ ■'< •* i L

•. _22i2liaH'



cT'
. :?■.-

■or 193. ’. &’$ »-4»
.t;

i

the iiwoductihn of four year

V,?':
,883,76S to «Wlr702.593. The 

course and fer- 

II and V. *** Inertase

99S,

V totaL increase dur1»
rfifpstudyWih^;*^ conparing a|ldti«ns 

::^ii/a^«e4rih^'obiective fv^ti^f

of Table XS.Cil »iH i-eVeal that a

j •' TEfficiency^ ii^’TOch-
' •'■ ■ - ;

V

, ^
. -f:. ; >

maibtr of th«r. -- -

' Inspection 

educStionai Reduction processes exhilft extraordihariXy ^liidh .* -

kantnatiOBS can hardly be a^eept^teiiaihsnPWhile performance on V-fates. 1*:■

xS of an edupational /-.e«.
« an ideal standard of the efficien ^

some idea ‘

hieh it kas set fw

-M

<jn erocesr

>c|g.eV2.nK

•’rih<as» vraidara-

J

tadi*d
"'.V

it
trie teachii

„ * ' * t> •V .. Tbiw "'\kfII teacher tfa^-mgc.v
, im>-■'r-- !‘order « .

C^otts oi ■■•'

'X ■Jt

»; *V* ■ * •
W- ■' ,«T- - C;*^-

pass rate
- - 25

icienri were ta i-sf.'ect &<X-

ofjSO percent. -The results -r >7J ■ -,-t,on VI yiqf(|ds B nei b»»'«r: •‘‘*.-.r‘ iria'^attem sjMrollsr.ents -.in !
),.. 8’ ^tr -ng g^eCin'h. N •>V-

J
'tf ■

-.vageits ^r--. 3ne^5V!,.frhiiw»vifw

^ 'tke
, sspesir-..?i

rI ^ .
X %

: S* . -^s i

n Ui

« y-i % - %s-- ’ -
C\ -

» ifi

'A--

- ■ V. V-I , <-^-e* .
■■ *■

•' o/ «T.-« .4 .»W

■■

■*,«

/i-.
s'

V-'v
.5^

- .r'...s?;



' ,v» \ 8r-« «.1

> .) tABLh 7 : i. 1 '

SOLUTION VI

6«':- I <4■^A& jucriym uE^is .
■ , II ■■« ''!> 'I ■ '

""'Vi'j■■ l.lif 
;'® ^^■■''

75SI^%.

SOH !■ 45084
/' !

UB : 5652. ^

A4--I. f 5A

-r'i- V,v 6 iJ < 4.i\.•; >i. < 2 i'I
. V.

-*•■ * >• \.- u o
t * -J ^ 1657*8 152457 Vr> ‘’# ns* • »4«»7 125954•"iv ■ * • S751044100 II

V

: 6441‘4,'s

9808 ' f482ft
2742. ’ • 1992 ti. ig*;::: > ""'S.' «• J *.C4-' J-i 211r ' 302 ^^7 r- 452882' ts 1260> irt, .J..■■3

S064 \l64t)5

^521' >.7>
55^6. «« *

1 / ISIT2139. 707 \

•f- Ti; / ?61S 1c i4
V- A^ - ^g 6. ft

/ '• i
S$0 ^^ «ca^:271 .. 562208 >•160 Ist

4457' • 2244 52 ^ 558 ,

- «

.' IX

< '180596578 ' f> •w

i6i. 714
^ ■■

X'P •,. . ,

•* i/
tA-Tjay 

■', Aiit, -:•... ■■

422 'A325■^i- »’

# JCV--
288.556208117 , ” / 6

7. ^ <2767

■ '.''liSI
. 12027

• — >;■»-<• r4

•tr

'vc
yx-jjyy--
.-tv

■ '■ ',r

720,9*6.17^ f
iflON (Z*):

■■<■ # -iii: .■;, .A '=.

'■

Jl■‘■K- 7 246
.m-T'

34^‘, t,

t.

.-.. TjiiSMsa*! ,:\'
■ U»m>l

,v•" H

■

ft r

/f{:
i‘L:

si. •% ■

f
120 - .. #



. ■ 'I'. to
' - '■^ ■ r - ■ .-.-c

.'£S, /

' c.?
■ ^ ^

-i'. ■' v ■k:■'i.: w'' -.f<r
- ..'t, ■■7-' * »

..if'
V;^;,

. *■• •

3fiH yi-' •

>
to the ioQt thot -tinsfwiiri^Vt fcenef^S:

in »U.,.. «. •« »•» -b"- »■“• ‘” '■
tf,. i.»i.^..i... ~ .h. •”» “'>■ "

the figure for siluUoii V. Wh^/ "O ^ ,

'“i"* »• »'“• "

7.6.. (c=.-i. *« J*.- “■
The Cate Of ^

,=™, , i,{

■‘The
■■ it

note to suggest

r

worthwhile to de- »
«... -

■, «ars '

..* .1! i''

ri rii;i?r -.•'r--- -Wi *.fl«5>

•S' T .• , rsOoctinr. greater «•.- .0#no#tt9' 

gsj'university ituay.

■ -s.:' • ,-:
■; O

VX 5t;
s-^ ■■ ¥ *P' ■ i

.7V ■;. r.'.e '.A.? . -■'W"' ::■

Id aasiiiyli
'■’s ' ' 1 f-A.7'Jf'S*'}'-■ f•'SakSS-'Sa-^

t . «vc^:
.,. 4t '.fit fp t?‘.'.9 ^ teehr^*icsy f

■■ 'X. !. -•■■ (!««=»} g8*rt»ato.4,*^
; . aaiw*4^ts .1*.^ •- ■ . ■•

•»
>,

% ' m J..

•4j ;'
&
1 xuf> 'i}yx^:^ «• 

«■ >1 II

'W% ;V'

2-4 '
'■«

■'.4’ •
i



wmmm
" * '

p- f -s.

%:>'«•c.
.

■' ^ -S t--. ■ S’ **' ;J■: V' -tmi^ij^ '' ^
>'.;y

-It thafth# Bbd^i'-ftn^s.'th.g arralysis -ortM .ffecv^'^,

<* :>?;^ .h»&-%4r"/ "• iKy^f
tbe iUtivl^ Iwals and shadow ptfces in the syrtea. . As an lUiatra ^ ,

- ' ■ • . i-y.i" w
* -i.:- ■

» ‘ ,;'.wiF

fi
'6--

-'. v • _. ^
W»';v. V-

V t

i

jl arhi^h can be perfot*ed, • alternative toV

tlon of ti»e typa of ||| 

the pianiied i«prev«aHj
' flicon^i<i«ir^4',' Wc havl^H 

‘ . i«^ich e ibody iib

'■>■

tefc<iAw'-i«*f ■ wiilYe
- - . . -

'ror- vears

<H^e ptiBary school
Hb ■—- "
^1^ pr^a^ “school; ^ct-i

, sblux » ni^-tT^bmr.^eisd-

J>
T

* ■.- ' '■de
-. " e,-?^

“i. ■T'27

1) inalcatfs^-tb* (.v Ji:- Xc j.. f. <■

»*•' •■

eftbn-o^ H^*'ch*"?*;^ . -, -

■ >'O’S.ste: '

■m - - 0m .•v
0

9

av- .^o
■ ',. "

c ■

, ,'■ • I ’.AS ■' -s A'

»!
-t C” -

ui'

if

F ;• -;
■*' ■■ Vt

I t
t ■*<i iri il. -i--,->i m r

t
■f < c ,\0 i^r''r

■f'

■0m*- “ C. >?-. • .i
4. '•

^i■

y-..,*.> • >, s ' '' 1''-.v.»
■<i ^ -V.v#4ri?: ■ I- - ’ ''"S' iV. \ • I

•' ■■ r> ■I

. *i

...' ;->>',.
mu m/?♦

it =rli.

It fields . (jteSt;!. 
It Alffltadu Belie

i"--
>J. V «5

>-'-^.V

;•-m J A-%
V "061\

1 -V'*.

tlAir-..- - ‘V
.,1.i-a. '—;:Vva-w



^Pi r'-t
-> ^ -:uVi^' I•;-•

S* ' '-; Vy 1^

■ "A^ -- <*
' -^ivm UNiM

tt 4^—^

*0 A .

r
f tXi;XV ^

16I4

99»4'

;^i» t ' ■{

V<■

♦j«w ln.o« misi,
/ \ - ~ - '■*•

■■•' Ami’ ‘W2I, *
«

«
J

i '4
/ «toe ' uiw!>I I \ ■ •. Uvf . }>. IJ' r^:t M?x«2TV* W-.i-V’,;^ V A ► -•!?.( f ► A*-!if .' *S76 , ^OU

i*»I"T . /f «--.’'-<i

1?*#* y 0 .

, I 'f ' I■'''t.' •■C'" 
$'■ • .

'3.si t <V ■- '*. •

If „*

,«V . ,T V

♦,‘c7|. , ;-
MOw>soo%i4 M2ii^pf* M. t*'" ( * ■

If "I('m' il’'.♦ ■ Ill« «IHI.
t-

t r >'!■

^f.'. >■ ' - 
A -1 ' ,

\
< M3210T' ' .

i »-.»• r ^i’

. .. i..- ,
‘4^

• •■* rin

•r •»:- 'V/

f 345i 302/'.Jtr ' Viv 249

19.212!. '•212 IM .*^i.14S n -7^ .
X

\f , «'
#oam» (DJ C

^ t»- V 0 J■3--^ •»*

» ; -.r.'' f'

) •/ 
/• ^

{f •*'
. .wi

• .V I•’r •''

. ' X

>4 4
r ♦^ . 0a:.#■

I*1 «^ rj ■) ‘ ■- . ■r-. V
/v.

A

ift. ^ I .fcikM,



■

V ■ fc;, ’
>. p*riod.> >■ -

Sub.titurion possibilities is the ProdhciiSh Pf Primary Eauction.

input" c^f£i«i«S.ts production functions axe pTobfcbZ^r,,* 
rentxY.ly-accu^at.r.presm.tion';' educational pr^esses as the, are 

vle««» by .ost educators plaone-s. Nonetheless from a pedagogUal ^ 

point of. view'considerable substitution hetWewi educational inputs may ^

• be poasible. The artificial nature of the a§Suiaed non-s jstitutability 

gade II wd grade'in teacl r. i:ui= been pointed but iff section 

in action, there mav be con de^ie sifcstitutability between 

of types of eeae - ' ats of educational eq«ir<»e«t.

,ftd in ^jpendt* ^.1 to
<5;

o£ factor i» the

^ ir

(, •
•bjs <r

i!I
s / ■̂

7.7.*
«

\•'I.

between

7.2.

Hinputs

in Ais section T will «»e the i
■ ■ • •>

explore soee-ol the eo' 

production at prir.^

• The na}*"!’-

6->
I

net-

itions'•’lie iffip

-eductt' C. fj-

i^ache’^^ are used in

vo.k pexfdrmed ijf each type 

difference bein^^ that 4he 

trai^iHg. Let «S, -idaume •fOp’ the-

-.:■■■ 5-the pHn*>7 school syst j* 
of teacher is essefttisll^ 

g«d. 11 teacher has^H^ t« ye^; ««re
gshe of illuatsatioiui^r- given^-sC ^turia^djiJ . 

- .lasa^lTiW^
Tv* ■-

*ain

\
'- Ot.

Vt,.

t _<=*- ' :>•
wosid.tW. that in cn- l our at assu*s)^en

■H, »■

:e4

• '
f' ^ 1 c .

‘hi ' i'; sT ' •’
' ^. s v-.Ti-'■ -,•■■ 

* -4
t h". t

%
ri. //\

mm -V p-'■> -

V .
c: /•

Ik'.



- -i ■
■ '*■

i' > -
Kb )

■ -1
i. -~i £>

/‘r ■'
i\.4

i-Vl' ■'C''
' 199.«•

.V
N« aefii^ -WO new Mtlyities

-;.- ■

WI»«fo«» jrade-O^wachets into gre# lU

- teacJw^ at the rat. oE“one gtade 11 teacher^fe* two grade III teachara
X?

'■v:-

•V

tranafonaa -grad^^n teachers Mito grade II

half a grade H
- . *lix,ti

tedchers at the rate of one grade III teache* aer one 

teacher. -Fhe ed^t associated with each adtivity i* ESa.

which

/
Analysis of the substitution possibilities Itetween ^eachtag 

d inputs ^'a«?nlpment in the productionrf priasry education . «

lequires an estimate,, of the marginal
. ^rate of substitution between thOa*

that the services of a grade in. 

the educational standpoint to the services

'v
two types of inputs.. >et us assume 

' teache^are equlyaleht 

of egui^entjana su|

We tJ»Wo

^

of is B300

ti..>-ef 1, '. •»*' ch sebstffUtes in-
|,th3

a third fe

costm\

!■«*■«

s^jte^;for s^lvf c» orf fhifputs of E.worth of 5giuip»ent

■ \ —4^ . #

,wAll «ep.sA ^t?

. !• •-W

.->18. tftiere the proda^ ^it 
.. , of 150 pupils, the servtc«s o 
«’ MiBt ’to- four additiMi^ 

a radid-a filw'p-"'*®^ 
cillasg^l^nt

» O .1 V 5
isual aic*..

1;*• '
.:;;S

-•• U:
■ -,.V

of fit S

ci > V^•-i’' -V'
c.'.... -:as' ' ■ « *■

:» li.■' ;< '
•■iv

.«-3t ■w

-. ‘ 'flii • ■ 
l«.

- '»■

<.
!

5^



■'<

•v.
•Zr

-«
•-* j-;. V . r

^ Sfy '»t«sehe».
S^stitutl'oii poi^ibtilti** •* 

st4>ititutio» •xt*nd emtr 

foctor ptopoistions
„«li.l». k... b.«. » .'.tLct ttV. U.I.. » .*.y..k-

•A.- - -
I*

rtttgk in^th# jrlcini^ty ^

Th* Jpiro«i»f bo*»<U*y •
ov«r •

d«>crij»«d chapter it

-r . ,
SOtiwu.

ji 2001 i 4W*eq.iii ^ :
90 . '- 175- .X» i S50 111.11

trr.li
*111,ii

*111.11

r- '
111.11

*111, ii

m
3 90■« iw Si .til3 w . »« 4 1004 *lt.Ilt• ■ « 200..4 - 400 ^X J'aq.iii

4* MO22S 11.11; 

*11.111

i- 450i’xr e<v.fii ,
'12# . ■‘ 250- 500

J7«.i rf ■- iW ll .1X'*,., -eq.ill
X®

550
«

8 i 300XT5 600 : *iU,ii

I, th| introduct *-HI at ts. 

' . .. VII'

3. ’ '■ ^ T?,W44|»|i0*tioiis

- ^ .1'^
i . ^ ♦: V- 4

% kV -"-1 — ^
•. » ‘ .............................' - I t; .1 tm1* .»

IP.

m^ •.;v rt*-. ,4-.^i‘9 . %-j

k*,<fc» -‘l.iy. ■-
kV> 'for'f *♦,'■■• v» ^

4 »::-•» I

. » .r - '
* 1*4 «si:-

e W V-■■

yi'*-i '■*« ■ ‘if

:fits W;f 
s-v

-V®
t'- » .

ll. Miy. Hi-,
1, i - '1

-•.k- ,;■

n
...rtiv ^

::i'y %
7t11

V ■ f*

■ --s^



f /'IVIV

,'"kA '•

I.* *'
T'M«rt>sw

fc«> ,'V . ,....,:

■ c
r '

>
* . i

*».. T

\ 1

• -»
kc ^VtTt t/Vtls* 1'^t

'I♦ i
■ '*- Ll.t

• ’-M, 8* • ‘7 •61 c ^

. . ♦. f'i ir\'> o ■n.I
'4> 11*10S4 IMS70• M64 letscstJOl

2**^' *’■M41 •» ■57247W61' * Wil ft j;>
« i>.\f 2 . ?H4Si /«)7■H2

.A-'-^Vr.f.-f- 53761738 ss»s' 168}•y

t.

ISO300,38129 3.■VK-:«3jp8WK3wi* ■" ”»■%«> t
' ’ . .

«■ . <■
4

437 ,558•2^1 432• «s4- 4.
i

■.JX A”,

■i ‘

J -2?
485 ■ ' V^'V'v^

.........

c -! V» i
■; 1’- V. ■ U. K-#- i .^ t .

682146' ¥> i2^9 a i ■

'a i' r

5 4 ^* "■"•■■■
■ I 5 6i •171289•T 47142C|0. r i3c .9 (

' .5
: ^‘\S; ■■

i
■ ’ S S- -1 '.

. t .•ift Y-.‘ f

S' '••

212 , 23^. f212

V . > /i'

i«<■•S'. •c
fr •;■■

i-13, ^-1
i^x»- 1[

^ 14,,

vXw,
4<.l •

:■'

"ss-- ,
S0(^ Vr ft ftS>'-‘

lof.
' ;li: if-

A4 .i

“ I • A,,■f -K

::

& ■'■ '. TT'-
'.» c'•r

N£T " ‘
•/

> • y

Ir^
«i»d .For%;^• •H, are to: 1i .

- r- s

.-•'A ; ** r'f -

1 - s’ •■■ P
0- .

J .-i ivif.f, .-
8"

r ■■ ^ /■,

i,.. M
•VI
* :



mmmm .
^ ;

>-t

■ V- J-Si ^
•-“ r-'-‘

. -- '--v ■-
•

i-":. ..

■ ^^•sr- - -*: i '""v♦- • 4

:■ ^:- .,,'^...-v,- ;

.«
5*

exclusive to. ieprod^'r--.. :
ultationptu-posesoniyp .,

'SP^;- sTT■'■-T

>i i

^ropc vi» t vL ^ *
reserves

*rj\i& th^is *'

litciiU'V rMits of rli
its theses. Theses su^kei < loan are for reading and 

further reproduction b) any process is expressly forbidden.

■iS

COUo

«•

ta.Microfilm or other copes may not’be recopW, .oM hr giVen 
another Individual, fimr, .ar library, wfihout • vritten permission from the _, )' '3;#• Ji^

,U‘

losclyp^apbrnsc the chorents'of this feSir. ;-- -,
. Author's a4<tfess »>U be -

If this thesis

A reader may\iot 

his own work with(j|| 

i supplied, insofar -as^

,§&edk«>0Wsn workf-*- 

«■ |s:voblea..

/quote or c
r^thor’s written permission

ible, b^e Iku /^rd Unir-er*^
i'. cm’his -'in hisi _ ^

'll

. ». ''r, *
jr

■K>-

-t - . -

Ml ir
' M mm - . *

► *3• « ;
»f, gie_. "v -.

' - V-

t- trt

■■ W - UV. li. »'iN^ik'b Y^'*-»4 '

a

a* .-t

* t'
r.r- ' ’

1,, 6a.br;^« 
tS-irtrtur tv

-jipfCtt iW* parniititar* 

uar*t*t*d.

tr. . i
’N' ., rifli

SS?.Str'““ ott...«.
'«• Vv,.. .

vAi
1

.J
■ 1

3
y *>•<

3

■* •• ' /:u.rsr-%- 
■■

j,j-.

-■fe. H



■■/v- ■ x

iiiii

I- Vj , • '••t
c*

:■ .. ; w *«v ■

i
r

s

\ -/rt' \\: i

■ .; ;|:-

\ ■ ;;>V:.jfc.' •:

^\BLE 7.7.1 (aont.|
. ,d;unc\' '^Tlf SHADiQW WHILES

H>i. , ... XX ^^’’l-
i'V'rC i-

'■r \ .■x: ! . .'1t:"-V • 't 1,'i, 4-- 
i^.. •'

1 f.■-VA
:.. x|.' ■2•v : .

i' ■ •' i 1
■V .V< .. . M■X V'tf X ; ■ ■ mm

»c' . <*
6

\ : 8,948;, XV

■ k i
■, 'i..5EX ,V : , ■ *'y

. > •
V-7 ,

,5S8 -' ' ^
.^- < i,. ‘ -"a'

; -I xU/'
-i- V, 4 ,

fv'.i^amm<
•i .' '-vX' f■I

............ .2,.._4—u '.■/■'4' .

.Vr .

Xi ‘ ','X^i ^
rA l.SSft121..1,207 194,369 V,.. .r .* 145,523

■» IV. ,* / •.;
•i >

•w

s^,;'Y . X

r,|>,-'y» ■"•le
;yx-«( ■

%>V.j»' I t.x .:*t: X'' i-i';c>

t.ft'*kj:
9,3908,52» .1,590 11,366 31,759

f
,‘V 1. 1 i

X-, r. 6511,759 .'12.571 y1,262 

14 1

795

X-'X'-;fc.;i '
. 4 .I#

■ f ■' • ■ ’ • i ' -<■,'Vx^#y,«

15 XY’i P,GY ,v* .'
. 4-‘,397 44,4f-y . 451731 /• \' : k

:v:iSpi#-r

Y !SiV4
,^;."« . ■

fc-

-XHJ*
<•f

X X :r.‘

■ ■ • ‘.'. Y,/'xr r • «■ '■-

’■ "X
k

.^xxxiiit .,*•••rt '
^ ■1^ ' YX-V.« II

)



,,.ru
^■r

< 0

; r'.' ;,;fr'c "h:'M 
r:r%-H

» v^
.V.-,^'M: '.; ■\

'. '<1
r ■ mmk • I'f

’■ < - •• 1•>f<.-

■a,,-:m—.,

. ^' TaS| ft'7.i%.^r.tJ) ^

.^fcuti^ ;'Wf '1 ®iABoif prices
l-Xi;': rrv . r«

:.'V„ \''®«^ ;f: 4f ■' ", • «.i ■■ : t...-■V^-»;■ ' tV . . T ‘■•f .'i'^ ■'>i>*

.'.-•v

- ' 4i /tfi'O

-rxi ■ .Jr !
r'"f'- ■f; ,u‘

t8422,37S .'.'1.991,856 1.97Jii J-/-. W :.
.-■.&.i;|p,.J« ;■,

fx ''■

c
57,167 60,834 y. 56,395i m.ii ‘,137 .liSlwlf f' 4 .s.'V. .r3,8f9 2,706 ■V' .y’•.410 '■(

•«y • K

'i/'' .

ft '

*.,■ -,■

..■J I-' ■/-

• -'/

J, .., s
ft

8,801 sp.isy 49* -

4.

)
30,6077.805; ■f

t, - # -i■r, I ’.^ I

-'‘t ■
r

ft;. ’’ 2887 2 .-429T '7.;;
■mi-'

*
.M-1 c

“4|r'': - f 739 J1997,141
4

' ?X^

3(- «• r if...
».

■ .y-' ih 1 ■tiife;v i. ,;|'f

H.’S; •■ ■■ >

• ;
e f‘-/,) • f

;,723 ■ 6,50^'t
* 6 r

5,763 5,552 4,21^ , f 2.34'-8,872.7,5.5 <•
I* Ms

\'/.,y. ■»■:. ii..-* •5 r /r«QIij" s.'. H 0 • \I ^ 4

,v -■■

.; ■ ^

s| *V / r
- ' '•■

iHy.-
\i! f' s, :■

■ ■

.. '■.'jii
‘\ 'V"X

. 4 '■■
•«

a; ■g' ftr§ I.jp. I' V .* ’•is '^ .. ■

‘jct

"■ r /U.

iff n-.V' f'•J'*« y
« .(.,?■!. .fT: ■-. P ■V4 ■3 • '

f •,-1 i. Iir 4'.'-Jr-*; ' Ii 1 I



vfc- s.i r' .-< / ' , \-rV V -r_

' ■.

r v^

. %■<*-•

5 of the restitution

• '*P-■9- •*' V.

act^vit Wuis- us«d -ii^eack^,

=«rci,^s * ■:. ,:
''*ife'»ub.t>ntlarWW.T*a.al«''^.K«el'inZ 

optimal the'^stitution of ;,eAVip-

• .>
■-J

, otiqore

thp grade 11 cOtiTse) l«s made

9

j.-

■>< :- ta^ue<€■
2 and 3 and the substitution of ^ ■ 

ij

Hie substitution of grade 

fairly low levels in year 2, 

relatively greater scarcity of

<■ ■ in years 

III teachers in year f.

i^nt for grade in^eachars
-1-'

grade II for grade 

Hi for grade II 

. and increases over

teasers is initiated at 

the peri^^ “Ihe

the late>ears can be explained in large degree 

the prescribed inputs of grade II

ty-J r -(f

grade_ll teacfiers yi t

the ant increases In
oy

teachers in ^primary school . t

leveV i» consi^r^allly -sThe level of ^n^H* at the primary
solutions ^931:^353 compared tp^ 72,&:.2^3.‘irfi-K

L=»'
::P ■-

\ f, ^ j 1
higher than in comparable j

(ilution V.
Moreover the totalCf. Table'7.4.3 aijd Figure 7.2.1).

teachel--training are only ^lightly hir'; - t. •
ieveis of admissions to

-c' T ■ •Total atiaissions to grade II and
So.

.'re 24.992 ■

solution v;.

il. t-
■»

• iye'y o'*a!i' -red '
colleges . larterstTL ..’ i tv

-IT .ri-df* ;>2'

cvT’^5tlvc.V/»."

■%
V.

/ c-;f .'
. ‘.Jii'i,*' •••m -iir.nc'h, tvr

.■b’ /, ^

r
[' %M '

- r,

fl

•v a. ■
S' '

i
cV-^r- -ST'f ' :•

■, -■■*i

1

's '•

.,v'Sfe:'.' ia :r

•■'; ^ -A. z-^'



■ ■ ■■■

.\’ *«9tr
>-■

• -s.
■t%-¥y'•’ -

i“1^ttil^r«dundahcy of gride^ittpicheri a«icurs wr^ onco,.
.

3 »£ sub*titutio«-xs dejtlctod in figure 7.7.1.

The ver^cej, fuid h^riiontal 

of grade ,Hi and >rade II teac^rs .^e-

tha tra^sformation activity for

.i-
li..

axesr . '-SiastratiMi.uaiM

define a feetee ’ s in terms

.pectively.7 The -ays Ox and Oa represent
r^^ju n.. (X*,,,,.) «- tx. P»^“«

... prt„r> O'” ‘"p

.,Ui.l., iP y..r x«\ ,r^. Hi »»> •“.■PP"

From the ava'.'.able tuantum

34ers.

elevantof factors must hi «»btrae^ .. ;<?• .'tLu: ■' •'

if ?■■''■r reouj^pil^* elsewhere in the system. namely -the vlthdrawa?

the grade
tM^e

ers fr<^ primary teaching fpr ent 
i

of 227 grade II teacher?
2627 grade 

I! cel leges.Hi 

.. ».post primstty^S 

College.

^are represented by 

prodjction copld t^e

-
both'--

entrants the Sotthefn^

' A
ft use

'■\V«
- teacherr

ion and as

TwSS&ning 1214 grads irt teasers and 587 

the rectangle OZ'Y'X.'.

T plAce at,e..wfth ptimary ^f^oj^nroU^i-

D1 e«Were siibstitutio’
St . f..- y
i t>

:■ ,*•
t'.rf ..'o!l‘« 'ac^mi ss irns

}
i.', • = r i ?•

• ■1-
.sgm.

'tyAu

■ *i '■
Jiv - TV f li- I ; ■ -

*X . * ...'c

tVf

•s

* 4 *'-nr -i- :. .Wlr*»■

!
'•.■‘PitV I'.l-,. .Jv, ■'- ■ >;n is;;'"

s»vx fs - ■;
«r ■--

•}

/'>4

. •—S*x,

> c.J^l •*
1

; V



✓
'if' ■ . f■;

• ,5* ■-/■--ai- ^
- •

5.7<*
•*7 '•

:> ' -wl wd11. ;384i-
-••JT̂ •-. - s''-'» **■.rt-v •f«

^•1

_ '‘-'
•S '

-i.

‘t- -r-
Vr' •iok -'

9-*. 0* __

*L

QrmAe lU 
t«9ictier6 .ft.V

• fe.-e

■■' .

:-^ • ‘V-..

/.'•fe'• u . . o .
■■'•■•

•f

^ «.' ■.

. <■?

■ -'* >

y-:?'3 V

. ■■ ■■'^*
■yj tv. .c.. -1 tV^< ..J « <• •/»-. ' «

V!>1 , •'

‘ t-

3:tt - . " .1
■ ■

2-«

-/■

'■:t,r 'i. h .. V.' ; 4

•"'"“'S' ;
m^.

^fU,-
. ^v

■■-» »*•

,-■ ■■: f rvA^,'’'

-y ■■"
<:•<i # .« ‘•:w-r . '^r «»■>- i«i- -i

4
C

Lsis
» at- ‘

1 ■'- •■f <1“^s
i t. '•> ' .'a.<? .-ip-r ■ s V ■

**'■

iU- SiJ f?
’ 'e ■5 - ,?i;.e»

'■ ‘'”?1iS- '■&

' f. . . . ? #!! i r

ftl! IM
W

*!S

* ;‘

cn%
lOc

&



- ^-F .n»/

"■-W"’’'' - 'v "*'''- ■■ ■ '■" ‘

' ft .>
■-.^.. -•

•vV'V-'^-''■• ,■
,.jv m

V";s-
'■'4 o' - i"'

i
f -

t-

- c-
• -‘J

• a -

.. ■>
, _«•■:-

V - ^ . . ’■-- ? >i
aac'lo^.s. '''-i;''?'"''*^i‘'i;.. ?.'.. ■>•

, 38 /V ■ ^■i

*tBa«n^«. is po»8£bU‘;
The stdisntvtiofi possibilities have «Xlowed the following

■'I''-
i'A’

'-!5>' \ .-tI . -0
•;■- 4. <0 L -v.\

<• f »
education production process in year 2:-endogenous change in the primary>

i.^ .sx.C uli I.W
!»«■ -Oefactp 

Tecfthslogy >
Oxiginals 

Te^^neiPgy *
Per Student Input of

9
"‘•S. - -•J >

.00522 ■.00609G*a#e n"teachers
■ % = ''■-- ■

' Grade IH teachers

*. 'A
■ .•;, s.01680 « •.01217 

14,4 ‘' i' - ^i:-^ •

(.

. A
C-_ ,.4, ■

IS.4
. . c «w 3

' O ; ,

■ ^ rM *

'''A' - ‘a
iS.,#-'- -n

' -.■■\ '^ '

I

I >’•' LS- ■';
i-?K||i ■ If 4! il«*

V.d » m fcd.
' ii?„-, Jf> w

Ib* . ' . ^■■» '■ ■■ c

<? , I

-0-■ . '-a

. ■ ; aWf "'1i>l
. -4^ ,

I. -''L*8 <*

i«. N

„v ^/
:a'' -

' -■^r

A 'C

?ipiS
• ».

%?•

■ WIM;S-<

si-

. ?»• .m r.-. r--.%:
-•A'" ' w'-

I*- .



IW - ' V.I.; ■-s;,,i,'3^j'%Si''i^*-'--
4

-i)t. ' .' ,•> ■

.1 -i 4- .-''
••--• ^-y?5

V-.
J

-f*

:: ':v
. V

‘ im
V--

iJLlj

" ^4.1

.,'Vs,',’''-L-

• i “a;*.. •'

-■Xce^teatf-th** rela4ot4^*^>fe6®^'4

•:Wf' VV* •(

■ yaifs-

>r.' -»- •- ■

■■I.

irknd
the “margiBal iite :4iSifei%l0h

•> i;
[lich

-ts ■r-.> the'shadsw price of one is equal to 

times the shadow price oi the other plus or minus the cost 

In year 2, for examplej

<
associate with . ^I

i

the shadow prices^bf grade 
The shadow^rice

40
the transformation.

r-.

,.11 and grade III teachers are £145,523 and £72,714.
■'vshadow price associated with the“ef'grado ill teachers is equal to the

v^per bound on the substitution 9f equijaient foi grade III teachers•>>
*2.\ x>

present value of the equivalent package of^equ^nt-,,
T ! introducti(»-af §id)stituion possitUitl-^ has increase .. ,

£849,341.545, ahJ

plus the
55_,» ©

The
2> • .■

.1 *»

bene|«s significantly^

of totai expenditure is positive i 

' XoSr eetiod-.
■ 'y,'- ■■ ' ' ■■

from £691,702,593 tonet
nianbex of years. iin a

• ii
■■ ft...„ \ i-

.■>■*;,"fei., ■' 'k:'^ ■ f5?4
j,, {I■ ..4-v.-; ;

i.

c. .5 -

' -ii
<'y t'

/■'’
.d- \

/

>'.' f, v; Crr^:
■ 'k

'■ -*r.
W- ■-

ojiuli i'®C^
V Sr- ^5 4: ^v.

i • • -
, ^ F>^ • ■ «

/ /
■‘t- \ '- fNk ' ’i k// 4 k-"

4^1 -m
--\-

;;HtfbfcTrtj i:;i‘k|•-. -rr~

■■^ •

•;.'; Ui M«•
V'"■■» . / sr"

i, •■ « '
':kci' : 

•S."
'•i -. %

* '■% •

■ -, J-

r; 'i'^i r: •*!■:-■ -M 1
:/■*• ■

■ *'
t



1. •

; -'- ■e m ■?.-Si,.-.
.i£-i-.L' ^ ■• ■ 'u:* V

e-'i =?;•>.,-4r^;- " .Tt' ’-.»■

I *«?a by ^utien 
liidSaniii'fTC"explpti«g ^ - 

pd^sslbilities for^substitution between fac-

•"5' "iAtf*-*fcse .*1^ net

‘ vrir«u|jgests that there

• furtn|’- develepi.iji 
Vbt5, of prohucti vS 4h'e*ic8tional processes.

. .Sr*.

the
>•

5 X«.

>■'r
• V ' .'• • '^'■* V

. if
' if ■

- U{yl--'

V

2:

^ ^
••jT «»

(P -
.*■

» e. /•
■:

X. -Jltv

~'s M;ai .

.rSj-v: -.' r
■ ir - s- -'¥:• :,|s!V

v'

* ■ ■

. T. I

1?^'; : ■=*
,ir - ■ ■-•If!

«.... ■ t-, -i :/

4-•¥
' i ■/

Tv • ■'»■ ^

f :- ' % «,»

"!.;■:’v'l
1-^- »,

.'- ,:X' X ..

»- ■ je?r
' V ■ i

■tt i.rl
-■ '.r.-''--i AI ryvyyj ■■ M

;-r 4.: ■ *

£-w^A r ' '•-r«

r- * ■•:•»•

, '-
•r?i. e .■’?i- ''i■«l■%s::'-kC: 7'" ■*

■'"'i
S'"'"

•>
, r.

-jf.

-■Tir * V, A
*“» 1 ; ■** [ rb

.'V'"".-i u.:■>

I- ■f - /■
j-.-

‘y.

,. ..........................................■,--J -;.•
• -^T--



210.

App.Biix 7.1. W Senaitivlty of tho Model to Errors.
of ^oth

At a nua*or of points iu this ossay the shortcomings
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-'i
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