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Abstract

SCHOOL. EXPENDITURES AND ENROLIMENTS, 1960-1980:
THE EFFECTS OF INCOME, PRICES AND POPULATION GROWIH

T. Paul Schultz

School systems have expanded rapidly during the last twenty-five
years. Nonetheless, it is widely believed that rapid population
growth has reduced expenditures on schooling per child, ocontri-
buted to a deterioration in school quality, and decreased the
proportion of children attending schools. This paper proposes a
production-demand framework for explaining the level and distri-
bution of national expenditures on schools, teacher student
ratios, and enrollment rates of boys and girls at the primary and
secondary level. Data for 89 countries from 1960 to 1980 are
examined to test empirically the role of real incomes per adult,
the relative price of teachers, urbanization, relative size of
school aged cohorts, and current total fertility rates on these
varied measures of school inputs and enrollments. Although the
relative price of teachers is treated as endogenous, the relative
size of the school-aged cohort or the delayed effect of
population growth is assumed to be an exogenous factor to which
the educational sector responds.




SCHOOL EXPENDITURES AND ENROLLMENTS, 1960-1980:
THE EFFECTS OF INCOME, PRICES AND POPULATION GROWTH

1, Introduction

School systems have expanded rapidly during the last twenty-five years.
Despite the unprecedented growth in the population reaching school age,
enrollment rates at these ages have increased in virtually every country,.
However, school expenditures in some low and middle income countries have
recently not increased as rapidly as enrollment; this g;owing gap in public
gdncational expenditures per pupil between poorer and richer countries is a
worrisome trend that snggests a deterioration in the 'quality’ of schooling
may be occntrigg in the 10§ income countries. To put these developments in
perspective, this paper proposes a production-demand framework for explaining
the level and distribution of national expenditnrés on schooling and
" enrollment rates. Incomes, prices, production technology, and demographic
factors are interrelated as constraints and conditions affecting the costs of,
and demands for, educational services. Data,for 89 countries from 1960 to
1980 are then used to test empirically a variety of hypofheses within this
framework, including whether rapid population growth, which has contributed to
an increase in the relative size of a school—aged cohort, affects that
cohort’s educational opportunities and achievements, Differences in school
enrollment between males and females are also examined. Finally, regional and
religious deviations in educational expenditures and achievements are
calcnlated, based on the fitted model. Thonéh the uniformity and quality of
the intercountry data and the simplicity of the statistical treatment of this
mix of cross sectional and time series materials leave much room for future
analytical improvements, this initial examination of educational systems
confirms the usefulmness of treating these institutions as adapting to the

constraints imposed by incomes, relative factor prices, and population growth.
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- The hypothesis has been advanced that rapid population growth makes it more
difficult for a society to educate its youth (Jomes, 1971, 1975; Robimson,
1975; World Bank, 1974, 1984), Obvionsly. a8 reduction in fertility leads to
a reduction in the number of children of school age in six to eight years.

This demographic development reduces in this sense the need for schools, and
these potential public savings due to fertility declines can be used to achieve
other social goals (Coale and Hoover, 1958, p. 25). To quantify the
consequences of population growth‘on the educational system and society, it is
often assumed that the allocation of resources to this public sector activity
is fixed and does not respond to the changing private demands of the society
for these services.

Perhaps, & more pleusible institutional hypothesis is that public
expenditures on the educational system respond to privete demands for
schooling end one determinant of these demands is the size of school-aged
cohorts. But the public sector responds imperfectly and with lags, due to

bottlenecks, as for example, the time required to increase the supply of

trained teachers to educate a growing student population. According to this
view, educational expenditures and aciievements per child may fail short of
long-run desired trends (equilibrium) in periods when the school—aged
population is & relatively large and growing fraction of the total population,
and the opposite tendency may emerge when school staff and structures exceed
iequirements temporarily due to a decline in»fertility. At issue is how
important is the relative size of the school aged population for the allocation
of resources to the national educational system (e.g. Freeman, 1979; Lee,

1979; Welch, 1979; Easterlin, 1980; Simon and Pilarski, 1979). Empirically
measuring the elasticity of educational inputs and outputs with respect to the
relative size of school—aged cohorts is, therefore, a central objective of this

study.1




The statistical problem is to hold constant for other exogenous factors
that might explain the level and distribution of public expenditures on
schooling and school achievement across countries and over time, It is
particularly importa#t to measure and hold constant those factors that might
help to account for educational priorities in a society or that represent
supplementary private inputs to the educational process. When these other
factors are omitted from the empirical anmalysis and they are also associated
with the relative size of the school-aged population, the observed partial
association between schooling and cohort size will be & biased measure éf the
hypothesized demographic effect of cohort size on schooling per child. The
challenge is to minimize this potential source of bias,

One reason it is difficult to measure the relationship between relative
cohort size and educational inputs and outputs is because the size of the
school~aged cohort is primarily a lagged measure of period fertility rates.

The fertility of paremts is closely related to wh#t parents privately invest in
the schooling of each of their children, and this trade-off of quantity and
quality has attracted the attention of many social scientists (e.g. Wray,

1971; Belmont and Marolla, 1973; Terhune 1974; Becker and Lewis, 1974).

The observation that fertility and schooling are inversely related does not
imply 'one' caunses the ‘other’, Indeed, both are jointly chosen to some degree
by parents in response to their economic and biological endowments, constraints
and preferences. It is important, therefore, that the inverse correlation
between fertility and child schooling must not be mistaken for evidence
confirming the effect of relative cohort size on public educational
expenditures or enrollments (Schultz, 1971, 1981{ Rosenzweig and Wolpin,

1980). The analytical problem is how to distinguish between two possible

parallel eassociations: the first at the level of family choice between




increases in parent investments in the schooling of their children and declines
in their fertility, and the second at the aggregate level between the relative
size of a schoolfaged cohort and the resultant squeeze on available schooi
inputs and outputs per child. The strategy adopted here for separating these
two relationships is to estimate the partial correlation between relative
school-age cohor; size and indicators of school expenditures and outputs,
holding constant for current total fertility rates. Estimates are also
reported in the Appendix, without controlling for current period fertility.
Information on & better indicator of the lifetime reproductive performance of
the parents of the school—-aged cohort is not available from the majority of
countries, If the estimated 'effect’ of school-aged cohort size remains
important after controlling for current total fertility, the aggregate
'squeezing out'’ causal hypothesis is tentatively sustained.

- This empirical strategy should be more successful when fertility and child
mortality are in flux, At such times it should be pbssible to discriminate
statistically between (1) the covariance of current fertility and current
parent investments in child schooling and (2) the repercussions of lagged
fertility (and child‘mortality) on cohort size and thus on the schooling
system., The fremework may therefore be more discriminating in the study of the
effects of cohort size on schooling at the secondary level rather than at the
primary level, because the lag separating fertility and the size of these
school-aged cohorts is longer, about 12 compared to 8 years, on average.

To improve on this relatively crude method for evaluating the exogenous
effect of changes in the relative size of school—-aged cohorts on the allocation
of public resources and the performance of school systems more data and more

explicit modeling would be required. Changes in fertility, child mortality,




and age structure could be dynamicglly analyzed within countries over time, or
determinants of cumulative fertility and parental imvestment in child schooling
could be derived from an explicit model of housebold behavior. Both of these
alternative approasches to estimating the effect of cohort size on the schooling
system would require more data and would therefore be based on a smaller and
probably less representative sample of countries over time, Moreover, these
alternative estimation strategies would appear to call for & theory of
fertility determination, about which there is limited consensus today.

The next section of the paper reviews world trends.in school enrollments
and central government expenditures on education and identifies a number of
issues for further study. Sections 3 and 4 model the determinants of demand
for public schooling to specify how to proceed with the empirical analysis.
Sections 5 through 9 report the empiricai findings of an analysis of data from
about ninety countries in the last three decades, and the concluding section
uses these results to predict the recent trends overtime. A data appendix
describes the sources, character and limitations of these data, and provides

supplementary tables.

2. V¥orld Trends

Table 1 summarizes the level and increase in enrollment ratios at the
primary, secondary and higher education level for countries grouped by income
level, market/nonmarket economy, and 0il exporter status. For summary
comparisons of overall levels of schooling , a synthetic cohort measure is
constructed and called hereafter the ’expected yehrs of schooling’. It is

defined as the sum of six times the primary, six times the secondary, and five

times the higher educational enrollment ratios; where these weights, i.e. 6,




Table 1

Grow:h in Iducational Enrcllmsnts by School 1eval end Countries
by Incoma Closses, 1350 - 19¢€3

.
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GiP per capita between $410 and $1650, while the vpper middle income class ranges from $1650 to about $6000,

bs\_(:‘.thetic corort concept defined as six (yezrs) times the sum of primary and secordary enrollnant ratios plus five (years) times higher educational

earollrent ratio.

CThe lack of expenditure data for China and India in Table 2 justifies our consideration of the "low income" class of
countries excluding these two large states.

Scurce: 1324 erld Dovelopmert Report, World Bank Staff;, New York: Oxford University Press, 1924. Teble 25, pp. 266-267.




6 and 5, correspond to the average number of single year age groups combined in
the denominators of these three standardized enrollment ratios.

Expected years of schooling increased 32 percent from 1960 to 1981 in the
low income class of éountries; 46 percent gains were achieved in the middle
income countries who imported oil, and 50 percent gains occurred in the upper
middle income class. The East European non—market countries increased their
expected years of schooling by 35 percent, while the industrial market high
income countries advanced 16 percent. 0il exporters in the middle income class
achieved a doubling of expected schooling levels, while nearly a fourfold
increase was reported in the high income 611 exporters,

In general, the percentage gains in schooling were greater for those
countries that started from a lower level in 1960, The gap in expected years
of schooling between the low and high income countries is therefore closing, on
average, whether expressed in relative terms or even as an absolute difference
in years. This closure in the education gap appears to be even more rapid in
relative terms than that achieved in health, anslogously summarized by life
expectation at biith. The gap in expected education and life at birth between
the lowest income countries (excluding India and China in the World Bank
categories) and the high income industrial market economies decreased markedly
in the last two decades. Life expectation stood at about 43 and 71 years in
1960, and had increased to roughly 51 and 75 years by 1982 in these two groups
of countries, respectively. Expected years of schooling, on the other hand,
increased for these two groups of countries from almost 3 and 11.5 years in
1960, to almost 6 and 13.3 years in 1982, or from ome-to-four to almost
one—to—two. These achievements were recorded despite the fact that income
(GNP) per capita in constant prices grew in the same period three times faster
in the high ipcome countries than it did in this lowest income group of

countries.2




The salient fact is that all classes of countries, and indeed every country
for which overall comparisons can be drawn, increﬁsed the expected schooling
that it provided to the 'average’ child over these two decades, despite the
extraordinarily rapid growth in the number of school-aged children in many of
the poorest countries. The number of children between the ages of 6 and 17
more than doubled in the less developed regions from 1950 to 1980. The
proportion of the population in these ages increased from 24.5 percent in 1950
to 29,1 percent in 1980, or by 19 percent.3 That the poorest countries and
those that have suffered actual declines in their real income in this period
were nonetheless able to expand their schooling systems rapidly enouéh to
accoﬁmodate an increasing fraction of their children is a remarkable
achievement.

However, a less sanguine picture of recent educational progress emerges
from World Bank data assembled in Table 2. Central governmental expenditures
on education (and health), when expressed in terms of constant GNP prices, have
declined in many countries in the past decade. Among low &nd middle income
countries who are not oil exporters the share of central government
expenditures allocated to education (and health) declined (Col. 1-4). The
share of total government expenditures in GNP also declined in the low income
countries and increased only slightly in the middle income o0il importers (Col.
5 and 6). Resources allocated to education per capita by central governments
appear to have declined in real terms by about two-thirds in the low income
countries (including or excluding India and China) and increased by only 22
percent in the middle income o0il importing countries. In contrast, oil
exporting middle income and upper middle income countries were able to more

than double their per capita real public expenditures for education, while the




Teble 2

Central Gevermrent Exgonditures: 1972, 1981 ’
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Source: (1954 _World Develonrent Booort, World Rank Staoff, Oxford University Press, Now York, 1984, Agpendix. Tables 2, 19 and 25,
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high income industrial countries raised their real outlays on education by §8
percent, A comparable decline occurred in the central govermment expenditures
in the low income countries on health, which fell by about one-half, and
grewless rapidly than educational expenditures in gll other clesses of
countries (Col. 9, Table 2).

The puzzle is how did the poorer countries sustein the growth in
enrollments in an era when central govermment real outlays for education per
capite were tapering off? Several developments could be responsible for these
seemingly divergent trends. The nnit‘costs of producing educational services
may have declined, such as might occur if the price of educational inmputs
declined relative to the GNP deflator or economies of scale in school systems
were realized, Alternatively, the quality of schooling may have deteriorated.

The dominant cost of primary and secondary school systems is the salary of
teachers., Teacher wages may have declined relative to the géneral wage level
with development, as they have in the twentieth century in the United States
(Williamson and Lindert, 1980, p. 308). The supply of teachers may have
'outgrown’ the demand in many countries, while highly paid expatriates were
replaced by less expensive indigenous personnel., Alternatively, the guality
(and pay) of teachers may have deteriorated., Both may have occurred., In the
first case, the real resources available to the school system may not have
fallen as rapidly as (or grown more rapidly than) the figures suggest in Column
8 of Table 2. Human and physical capital may also have been used more
intensively over time, with teacher—-to-student ratios increasing and capital
expenditures as a share of total expenditures falling. These developments
would be associated with larger classes, and perhaps less effective or lower

guality instruction.
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Other developments may also explain the aggregate trends, Private school
expenditures may have increased as a share of total educatiomal outlays. But
this appears unlikely, because private school enrollments are generally modest,
and are a declining share of total enrollments in most low income countries.4
Tuition and fees may also transfer some of the resanrce costs of public schools
from public expenditures to parents.5 The reliance on such user fees, though
increasingly debated as an auxiliary means of supporting edvcatiomal expansion,
have nonetheless been eroded by recent inflation and policy changes even in
Africa (Jimenez, 1984). Sub-national and local public expenditures on
educafion are excluded from the worldwide figures reported in Table 2, and the
central government's share of educational expenditures mey have declined
recently.

In sum, many factors could be behind the declime in central governmental
expenditures on education in the lowest income countries: (1) the actual
quality of schooling per student may have declined; (2) the price of constant
quality educational services relative to the general price level (GNP deflator)
may have declined; (3) central government revenues for education may bave
declined relative to other sources of support for public education; (4)
private school expenditures may have increased their share of the market,
though enrollment data to not support this conjecture; and (5) the underlying
data may be in error. The subsequent cross country empirical analysis of
public edncational systems is restricted to countries for which there appear to
be consistent data on enrollments, teachers, expenditures on current and
capital account, estimates of GNP in constant prices, urbanization and the
population's age composition. The restricted data are believed to be more

reliable than the comprehensive estimeates reported in Table 2, but possible
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less representative, UNESCO public expenditure data also represent the sum of
government outlays at 2ll administrative levels, but they probably in fact
frequently omit local resources provided im kind to comnstruct and maintain
basic school structures. Estimates are later obtained of changes in relative
prices (2) and changes in factor intemsity or quality (1) in the use of
teachers and physical capital. However, there is no unambigunous way to
distinguish between changes in the quality of school inputs and changes in the
prices of quality—constant inputs, since the capacity of schools to raise the
market productivity and to augment the ntility of students remeins unobserved.
The question raised in this review of world tremds is how were enrollment
rates increased, when central government expenditures slackened in real per
capite terms or rose more slowly than did the school-aged population. Before
considering patterns in these data from various countries, it is useful to have
an overall framework within which to account for variation in the provision of
educational services. The framework involves three parts: an interpretation of
the political economy translating private demands into public expenditure
decisions, & production technology linking educational inputs to outputs, and

the determinants of household demand for public educational services.

3. _Adjustment of The Educational System to Demand and Supply

Analyses of the private demand for public goods have generally assumed that
citizens know about the costs of production and the benefits of government
spending (e.g. Borcherding and Deacon, 1972). The political process is assumed
to be more or less democratic, in the sense that entrepreneur-politicians seek
'election’ to deliver efficiently the public goods and services and the

associated tax burden that command jointly the support of e majority of
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voters.6 The essential idea is that public, as well as private, institutions
are constrained in their input sllocation and production decisions by consumer’
incomes, relative input prices, and pe?ceived benefits of outputs.

The private demand for public education, however, involves several special
features that warrant additional discussion., First, education is demanded both
as a consumer good that yields direct utility and as a producer good that is
expected to enhance the future productivity of the educated individual (T.W.
Schultz, 1961), Private demand of consumer goods depends on consumer inc§me.
relative prices, and tastes., The taste for education is conventionally assumed
uncorrelated with observed &emand determinants, though this can be relaxed, if
an exogenous proxy for taste can be distinguished; the examination in sectiomn
7 of male and female enrollment rates conditional on religion might be viewed
as assuming religion is such a proxy for exogenous cultural taste.

Education is also a produced means of production, and economists have
reasoned that the private and social demand for education should be influenced
by its private and sociel rates of return, relative to alternative investment
opportunities (Becker, 1964)f The cross-sectional relationship observed
between the rate of return to schooling and the public (and private)
expenditures on schooling need not represent only the private supply function
of investment in this means of production. The rate of return is also affected
by the aggregate economy's derived demand for more and less educated workers.
Unless factors can be specified a priori that shift one and not the other side
of this market for more educated labor, it is not generally possible to
'identify statistically the individual’s investment supply respomse function
from the aggregate derived demand function for educated labor. It would be

useful for our purposes to specify exogenous endowments to the economy or
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technologicel dimensions to the development process that affect the derived
demands for relatively better educated lasbor and hence displace the producer
returns to education, However, theré is 8s yet no agreement on what these
factors might be. In the later empirical analysis, income, relative prices and
technological constraints may influence the consumer’s demand for education
and also shift the derived demand for educated labor and thereby vary the rate
of return to education as & producer good.7

The approach adopted here is to assume siﬁply that the demand for educated
lebor is primarily a function of the current level of national income per
worker, and other specified technological and demographic constraints, Within
these general long run constraimts, the political s&stem seeks to allocate the
resources to the edncational system that are economically justified and
privately demanded. Hence, consumer demand for schooling is itself a
reduced-form relationshi§ that embodies structural parameters from an
individual investment supply relationship and an aggregate derived demand for
relatively educated labor. Identifying these vnderlying structural parameters
is not attempted here.

A second unusual feature of the educational system is that it produces its
own main input, teachers. It thereby affects by its past produoction the
current wage required to retain the services of teachers and consequently the
unit cost of producing further education, other things being equal. This
feedback effect of ontput on unit costs suggests that choosing the best
expansion path for education involves issues of intertempofal optimization and
intergenerational equity, topics that implicitly arise in the educational
planning literature, but which have not been explicitly incorporated into

empirical analyses (Bowles, 1969; Freeman, 1971). For example, to expand =
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'.gchOOI system rapidly from a2 very limited national educational base involves
inevitably bidding up temporarily the cost of teachers and may even require the
costly importation of trained personnel., These high initial costs of expansion
tend to decline as fhe pool of domestically trained secondary school graduates
increases and ghese new graduates compete for available teacher posts. This
decline in the relative price of teachers then encourages, along with rising
incomes, more private demand for public education as both a consumption and
investment activity. Figure 1 illustrates this downtrend in the relative price
of teachers in a number of African countries which have :ecently expanded their
national educational systems. The wages of teachers relative to the averege
worker showed less obvious trends in the middle income countries, such as in
Latin America. In the high income market economies this relative wage of
public school teachers followed a2 variety of paths, but there was often a
tendepcy for the relative wages of teachers to increase temporarily in the
1960's as the educational system expanded to accommodate the large cohorts of
babies born after the Secohd World War.

Although there is no established framgwork for dealing with these dynamic
and recursive features of national educational systems, it is clear that the
current wage of teachers directly depends on the level of current demands for
schooling, Consequently, the price of teachers is endogenous to a model
determining the demand for educational services. To estimate without
simultaneous equation bias the effect of this price on current demand,
instrumental variable methods will be adopted. The instruments will be
sélected such that they are correlated with the current wage of teachers but
are not correlated with the errors in the equation determiming current

educational demands.
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4. A Model of The Educational System

The technological possibilities for producing educational services are
assumed to be identical across countries. This production function for
educational services is also assumed in the long run to exhibit comnstant
returns, which does not seem to be an unrealistic assumption, if we excinde
very small countries, say, of less than a million persons, and concentrate
separately on the primary and secondary school systems (see Dazta Appendix).

The production function may then be expressed in standard Cobb-Douglas form:
=219 (1)

where X is the output of edvcational services, L is the labor input, K is the
physical capital input, and @ is the share of wages in output, and 1-a is the
capital share, while Z is a set of exogenous technological shifters that affect
the unit costs of producing schooling in different environments, but are
neutral with respect to lebor and capital productivity and use. One such
technological factor is the distribution of the population. Dispersed
populations may incur greater private and public tramsportation costs.'in terms
of both time and money, to provide the same effective schooling services.
Another technological factor that appears to influence the effectivenmess
of the school's resources is children’s home environment, and notably the
edvcation of their parents (Leibowitz, 1974); Rosenzweig, 1982),
Consequently, I anticipate that if other things were equal, the effective
demand for schooling services would be higher in a more urbanized population,

and in one where parents are better educated. Finally, reductions in mortality
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increase the expected returns from schooling to the parent, the child, and

society (Schultz, 1971; Rem and Schultz, 1979). Altbough this actuarisal

effect on average returns to education may not be large, since recent mortality
declines occur disproportionately among pre~school aged children, returns might

nonetheless increase in recent decades by one-tenth in 2 typical low income

country due to this factor alome (Preston, 1980).

Bowever, parent education and life expectation are both factors that also

contribute to the market productivity of the parents and hence to the current

level of real GNP per person. Moreover, with increased income, more resources

in both the public and private sector may be allocated to health expenditures

which angment the expectation of life., If the education and expectation of

life of parents are included as explanatory variables in an educationsal

expenditure or output equation, both of these variables would be causally

related to income in complex weys. It wounld be unrealistic, therefore, to

expect that country level data could separately distinguish the effects of
parent income, parent education, and expectation of life on the performance of

the schooling system. Merged family level data and aggregate community date

‘might be able to sort out the effects of these interrelated factors (Schultz,

1984). Only the technological effects of urbanization on schooling costs will

<

be estimated here.

If the educational sector minimizes its mnit costs, that is, produces

efficiently, the marginal cost or price of schooling services, Py, can be

expressed as a multiplicative function of the wages rate paid labor in the
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educational sector, ¥, and the return, r, required on public capital (e.g,

Borcherding and Deacon, 1972):
- (& Yo,z . 1-a
Px = (Z)(a) (1-3) (2)

To some degree, world capital markets work to equalize the rental rate on
‘educational physical capital, and then the only remaining constraints that
wonld influence the marginal cost of education choss countries and over time
are the real wage paid to teachers, W, and the exogenous techmnological
conditions denoted by Z. Teacher salaries are the bulk of recurrent expenses
for most school systems. In recent years about 95 percent of current expenses
in the primary school systems of low income countries were teacher salaries,
whereas in high income countries the proportion is about 75 percent (World
Bank, 1983, p. 99). Current expenditures in a school system divided by the
number of teachers is, therefore, a useful approximation of the wage paid for
labor by the educational system and is the principal factor determining the
relative price of educational services in a country. Taking logarithms of the

price equation,
P, = ePo 7Bl yoel, (3)

where B, is a constant, By = -1, and uy is & multiplicative error in the
production technology affecting unit costs. Because labor’s share of
educational expenditures, a, can be observed, the effect of price veriation can

be estimated from data on teacher wages (Gramlich and Rubinfeld, 1982),
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Educational services are assumed to flow equally to all citizenms, The

quantity demanded is defined as q,
e=X/P", | | (4)

where P is the population of children of school s&ge, and y is the ‘public good’
parameter, equal to unity if it is a private good, and zero if it is a pure
public good. Public externalities of basic education are often cited as a
reason for public subsidization of education, suggesting that y < 1.

The median voter is assumed to pay a share to finance the output of
educational services for each of his or her children:

t = (P,X)/(FAq) = @Y 1), | (5)

where t is the tax share per tax paying adult A, who has on average F children
of school age, and hence FA = P,

Finally, the demand function for schooling of the median voter is
conventionally assumed to be log-linear in the tax, t, paid (or price), in the
~taxpayers'’s income, Y, and possibly in technological factors, z,8

w
g = Dt"Y°z% 2, (6)

where uy is & multiplicative error in the demand relationship.
Combining (4) and (5) with (6), to eliminate the tax rate, an expenditure

(E) function is obtained per school—aged child in terms of income, prices,
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children, and technological constraints:

E/P = tq = pY® Px(n+1) P(n+1)(7-1) 786%2, n

To simplify the interpretation of the effect of the relative size of the
.cohort of school aged children, X is assumed to be a purely private good, that
is, v = 1., 1In this case, after substituting (3) in for the price of
educational services, logarithms are taken of (7) and the partial effects of
income per adult, relative prices (teacher wage), and technological shifters on
public educational expenditures per child can be expressed as a combination of

bousehold demand and production technology parameters:

1n(E/P) = by + byln Y + bpln W + b3ln Z + v, (8)

where by = (n + 1)(By) + 1aD,
by = 5,
by = a(n + 1),
b3y = Bi(n + 1) + ¢,

v = uy(n+l) + uj.

In sum, equation (8) is & reduced—form relationship derived from both the
education production technology (1) and the form of household demands (6). The
production and demand errors uj and ujy, are assumed to be independently
distributed and serially uncorrelated and uncorrelated with Y, Z and lagged Y,
Z and S/P. The income elasticity, &, that is directly estimated from a

regression in the form of (8) would capture the effect of income on public
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expenditures for education that is due to both consumption demands and producer
demands induced by increasing rates of return to educated labor, Since a is
known from the input share of labor im total educational expenditures, the
Cobb-Douglas form of the technology permits one to identify the price
elasticity, n. But the wage of teachers is likely to be endogenous and hence
correlated with v, and it is iatei transformed into a2 relative price of
schooling that is defined in terms of income and the compoment of current
school expenditures per teacher, Ordinary least squares estimates of n and &
may thus be biased due to simunltaneity and by errors—in—-variasbles that are
likely to generate spurious correlations among measured relative price, income,
and school expenditure variables. An asymptotically unbiased instrumental
variable estimator is therefore later proposed.

The net effects of Z factors on eduncational inputs and outputs can
also be inferred from estimates of (8). The estimated impact of the relative
size of the school-aged population on schooling expenditure per child is an
estimate of the cohort size effect squeezing out educational expenditures as
hypothesized in the demogra?hic-development literature., Alternative
interpretations could also be attached to a2 negative estimate of fhe relativé

cohort size effect.? The proportion of the population living in urban areas is

8 second variable,

5. An Empirical Decomposition of Educational Expenditures

It is of practical interest to evaluate how the composition of educationsal
expenditures varies with price, income and demographic factors, in eddition to
the behavior of overall educational expenditures. For this purpose, it is

convenient to divide school expenditures per school—age child (E/P) into a
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multiplicative function of four observable components:

E_ .8, E  C .
F= (D@ (9)

The first term on the right haﬁd side is the ratio of students enrolled to the
number of children of school age, the enrollment ratio, which can be computéd
in many countries for boys and girls separately. The second term is the
teacher to student ratio, that will bé treated as en indicator of the human
capital 'quality’ of schooling (Pryor, 1968; Bowles, 1969), which may be
contrasted with the ’‘quantity’ response in terms of enrollments, The third
term is the ratio of total expenditures to current expenditures, or an index of
the physical capital intensity of the educational system, The fourth and final
term is the current expenditures per teacher. Logarithms of the four component
ratios in qnestion (9) are then regressed on the same income, price,
technology, and population composition variables used to explain expenditures
per child. The sum of the log~linear regression coefficients for each
conditioning variable in these four component regressions is equal to that
veriable’'s coefficient in the overall expenditure per child function., Imn this
way, the effect of income, price, and other factors on overall educational
expenditures estimated from equation (8) may be decomposed into the sdditive
effects of that conditioning variable operating on quantity, quality, capital
intensity, and teacher salaries.10

Educational expenditures are deflated to constant local prices using the

GNP deflator and converted to 1970 U.S. dollars according to the prevailing
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average foreign exchange rate in 1969-71 (See Data Appendix for details). 11l The
wage of primary and secondary school teachers is defined as the public current
expenditures on that level of schooling divided by the number of teachers at
that level. This 'average' teacher salary should then be deflated by the local
price level to obtain a relative price. I have used the national productivity
of the average adult as a numeraire for the teacher’s salary. Thus, this
relative price of teachers is defin;d as the ratio of teacher salaries to GNP
per person of working age (age 15 to 65).

This measure of the relative price or cost of educational services is
likely to be determined jointly and simultaneounsly with produ@tion costs and
consumer demands for schooling. The endogeneity of the relative price of
teachers is reflected in the likelihood that unexplained variation in either
- production costs (uy) or consumer demands (my) will be correlated with observed
relative prices of teachers, Ordinary least squares (OLS’ could overestimate
by in equation (8), because of the resulting simultaneous equation bias,
Consequently, the model is estimated first by OLS, under the assumption that
the relative price of teachers is exogenous, and then by instrumental variable
(IV) techniques, under the assumption that the price varia£le is endogenous but
instrumental variables such as secondary school enrollment rates, incomes, andv
urbanization, all lagged ten years, are uncorrelated with production and demand
errors in the curremnt schooling system eqnations.12 The IV estimates
incorporate our anticipations that the relative price of teachers today will be
reduced by increases in the supply of potential teachers trained in the country
in previous years. The IV estimates also eliminate the errors—in—variable
problem that arises because the logrithmic transformation of relative prices,

incomes, and teacher wages are linearly dependent on each other,13
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Although the auxiliary instrumental variable equations for wages undoubtedly
simplify the structurel process underlying time series of educational systems,
these simultaneous equation techniques should provide consistent estimates of
the reduced-form equation (8) based on demand/technology determinants of
educational expenditures and enrollments.1l4

Income is measured as GNP in local constant prices, expressed in 1970
dollars by conversion at the average foreign exchange rate prevailing from 1969
to 1971.15 To avoid definitional dependence on fertility this measure of real
GNP is divided by the population of working age, 15 to 65. Population density
is measured as the proportion of the population living in an urban area, as
defined by the World Bank and estimated from national censuses., The relative:
size of the school—aged cohort is the proportion of the population age 6-11 for
primﬁry school, the proportion age 12-17 for secondary school, following UNESCO
conventions, For the consolidated expenditure and enrollment equations, the
child cohort is defined as the proportion of the population age 6 to 17,

Period fertility is measured by the total fertility rate, which is equivalent
to the sum of age specific birth rates for women age 15 to 49.

Date were first collected for 155 countries with populations greater than
one million in 1983, for each five years from 1950-1980. Data on all required
series were obtained for at least one year in 89 comntries, of which 30 were in
Africa, 19 Latin America, 21 Asia, 2 Oceania, 1 North America and 16 Enroﬁe
(See Table A-1). The maximum number of country-year observations was 321 for
primary schools and 252 for secondary schools. In pooling of time series
observations from & cross sectiom, it is cleaf that all observations are not

‘independent; neglect of covariation across observations on a particular
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country undoubtedly biasesvrepcrted tests of statistical significance and may
"bias point es;imates as well,

The veriables are defined and sample characteristics summarized by region
for primary and secondary school systems in Tables 3A and 3B, respectively.
Beneath the mean of the variable is its stendard deviation in parentheses, and
if the variable is expressed in logarithmic form, the antilog of the mean is
reported as the third velue in brackets to provide am absolute measure of
level, For example, primary enrollment r;tios are 59 percent in Africa and 95
vpercent in Latin America, while the teacher student ratios amd capital
intensity are similar, .024 and .030, and 1.22 and 1.15, respectively. Primafy
school teachers are paid about the same in the two regions, but becaunse GNP per
adult is one third as large in Africa, the relative price of teachers is twice
as high in Africa as it is in Latin America. Expenditure per primary school
aged child is $20 in Africa compared wifh §51 in Latin America. The potential
explanatory role of income and relative prices in determining school
expenditures and achievements is suggested from such gross regiomsl
comparisons. The large differences between enrollment ratios for boys and
girls in Africa compared with Latin Amg?ica may also stem from economic
differences between regions. The next section proceeds to fit the multivarisate
production/demand relationships across country observations to estimate the
magnitude of price and income effect# as well as the effects of urbanization

and population growth.
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Table 3A

Characteristics of Sample of Primary Schooling Systems
from 1960 to 1980, by Region

Region Africa Latin East South and Europe, Total
America Asis VWest Asia Canada and Sample
Oceania
(Sample size) (62) (43) (21) (24) (36) (186)
Dependent Variables:
Enrollment -.523 -.0506 .0150' -.398 .0315 -.229
Ratio - Total (S/P) (.538) (.198) (.111) (.470) (.0708) (.440)
[.593] [.951] [1.02] [.672] f1.03] [.743]
Enrollment -.339 -.0235 .0370 -.145 .0332 -.126
Ratio — Male (S/P) (.479) (.181) (.103) (.353) (.0763) (.355)
[.713] [.977] [1.04] [.865] [1.03] [.882]
Enrollment -.7317 -.07117 -.00466 -.835 L0277 -.365
Ratio — Female (S/P) (.619) (.231) (.121) (.823) (.0744) (.604)
[.479] [.930] [.995] [.434] [1.03] [.694]
Teacher—Student -3.73 -3.51 -3.48 -3.49 -3.06 -3.49
Ratio (T/S) (.266) (.260) (.238) (.318) (.345) (.366)
[.0238] [.0299] [.0308] [.0305] [.0469] [.0305]
Capital Intensity .199 .141 .188 .270 .192 .192
Index (E/C) (.238) (.162) (.108) (.184) (.114) (.184)
[1,22] [1.15] [1.21] [1.31] [1.21] [1.21]
Current Expenditures 7.03 7.35 7.44 6.17 8.86 7.39
per Teacher (C/T) (.667) (.613) (1.02) (.961) (.723) (1.10)
[1130.] [1156.] [1703.] [478.] [7044.] [1620.]
Real Expenditures 2.97 3.94 4.16 2.55 6.02 3.87
per Child (E/P) (.885) (.675) (1.16) (1.38) (.847) (1.51)
[19.5] [51.4] [64.1] [12.8] [412,] [47.9]
Expenditure Share .0219 .0190 .0192 .0145 .0227 .0201
of GNP (.0087) (.0067) (.0063) (.0095) (.0098) (.0087)

-
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Region

‘Rate

Africa Latin East South and Europe, Total
America Asia West Asia Canada and Sample
A Oceania
(Sample size) (62) (43) (21) (24) (36) (186)
Explanatory Variables:
GNP per Adult 5.74 6.83 6.79 5.86 8.09 6.58
Real 1970 § (.619) (.502) (.877) (.785) (.510) (1.08)
[311.} [925.1] [889.] [351.] [3262.] " [721.1]
Relative Price of 1.29 .518 .644 .306 L7171 .813
Teacher (.565) (.421) (.387) (.468) (.482) (.606)
[3.63] {1.68] [1.90] [1.36] [2.16] [2.25]
Proportion Urban .227 .479 .533 .284 .626 .404
Population (.137) (.155) (.320) (.183) (.169) (.240)
Proportion of Pop- .165 +170 .148 167 .104 .153
ulation Age 6~11 (.0119) (.0179) (.0271) (.0106) (.0127) (.0292)
Total Fertility 6.62 5.37 3.88 6.29 2.35 5.15
(.986) (1.18) (1.47) (.996) (.541) (1.91)
Proportion Adults .329 726 .798 .364 .948 .598
Literate (.193) (.166) (.124) (.202) (.0733) (.299)
Life Expectation 47.9 60.6 65.0 51.3 72.0 57.9
at birth (yrs) (6.40) (6.81) (6.92) (8.88) (1.97) (11.2)
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Table 3B

Characteristics of Sample of Secondary Schooling Systems
from 1960 to 1980, by Region

South and

Region Africa Latin Esast Europe, Total
America Asisa West Asia Canads and Sample
Oceania
(Sample size) (49) (35) (18) (16) (21) (139)
Dependent Variables:
Enrollment -2.45 -1.21 -.779 -1.59 -.278 -1.49
Ratio — Total (S/P) (.836) (.455) (.455) (.612) (.177) (1.00)
[.0863] [.298] [.459] [.204] [.757] [.225]
Enrollment -2,13 -1.20 -.714  -1.20 -.271  -1.33
Ratio — Male (S/P) (.807) (.424) (.392) (.525) (.141) (.882)
[.119] [.301] [.490] [.301] [.763] [.264]
Enrollment -2.95 -1.24 -.852 -2.35 -.295 -1.78
Ratio — Female (S/P) (.956) (.507) (.523) (.960) (.233) 1.25)
[.0523] [.289] [.427] [.0954] [.745] [.1681]
Teacher—Student -3.05 -2.90 -3.22 -3.14 -2.67 -2.98
Ratio (T/S) (.284) (.363) (.276) (.255) (.275) (.341)
[.0474] [.0550] [.0400] [.0433] [.0693] [.0508]
Capital Intensity .205 .127 .181 .304 .197 .192
Index (E/C) (.261) (.113) (.110) (.171) (.144) (.193)
[1.23] [1.14] [1.20] [1.36] [1.22] [1.21]
Current Expenditures 8.76 8.09 8.19 7.38 9.18 8.42
per Teacher (C/T) (.589) (.725) (1.01) (.940) (.628) (.903)
[6374.] [3262.] [3605.] [1604.] [9701.] [4537.]
Real Expenditures 3.417 4.11 4.37 2.96 6.42 4,14
per Child (E/P) (.867) (.914) (1.45) (1.27) (.931) (1.47)
[32.1] [60.9] [79.0] [19.3] [614.] [62.8]
Expenditure Share .0286 .0195 .0225 0174 .0358 .0253
of GNP (.0113) (.0098) (.0017) (.0108) (.0123)

(.0105)




Table 3B continued:

30

Region Africa Latin East South and Europe, Total
America Asia West Asia Canada and Sample
Oceania
(Sample size) (49) (35) (18) (16) (21) (139)
Explanatory Variasbles:
GNP per Adult 5.75 6.87 6.84 5.85 7.96 6.52
Real 1970 § (.611) (.439) (.938) (.796) (.565) (1.01)
[314.] [963.] [934.] [347.] [2864.] [679.1
Relative Price of 3.01 1,22 1.35 1.53 1.21 1.90
Teacher (.615) (.501) (.570) (.538) (.315) (.979)
[20.3] [3.39] [3.86] [4.62] [3.35] [6.69]
Proportion Urban .220 .489 567 .290 .560 .392
Populaticn (.137) (.153) (.326) (.196) (.166) (.237)
Proportion of Pop- .135 143 137 ,139 .0996 .132
ulation Age 12-17 (.0102) (.0114) (.0199) (.0074) (.0108) (.0185)
Total Fertility 6.68 5.34 3.88 6.70 2.41 5.34
Rate (.973) (1.17) (1.57) (.600) (.602) (1.87)
Proportion Adults .328 . 744 .798 .285 .936 .581
‘Literate (.183) (.146) (.119) (.123) (.0854) (.293)
Life Expectation 47.9 61.3 65.3 49.0 71.4 57.2
at birth (yrs) (6.39) (6.73) (7.44) (7.59) (2.28) (11.0)
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6. Estimates of School Expenditure Egmations

The empirical findings are reported in two basic specifications, one which
assumes that the relative price of teachers is exogenous and measured without
error, and a second which treats this price variable &s endogenouns and
potentially measnred with error. Under the first set of assumptions, ordinary
least squares (OLS) estimates of the parameters to equation (8) may be
satisfactory, and they are reported in Col.(7)'of Tables 4, 5, 6 for the
primary, secondary and overall public edocational expenditures per school aged
child. Columns (3) through (6) provide the component regressions designated in
equation (9), although in the case of the total scho§1 system the
transformation of enrollment rates to expected years of schooling, and the
general gaps in data on teachers in the public higher educational systems imply
that the analogous total components do not 'add uf'. Because the relative
price of school teachers is defined as the wage of teachers divi&ed by GNP per
adult, the logarithm of the teacher wage compoment in column (6) is precisely
equal to the sum of the logs of the income and price variables in the OLS
estimates for the primary and secondary school systems,

The second set of regressions in Tables 7, 8 and 9 report instrumental
variable (IV) estimates, which are preferred because they are consistent under
the more realistic assumptions specified above regarding the endogeneity of
relative prices. However, since these estimates depend on the availability of
information on income and secondary school enrollments a decade ear;ier, the
working sample for which these estimates can be obtained is reduced from 321
to 186 at the primary level, from 252 to 139 at the secondary level, and from
240 to 132 at the level of the total school system. Nonetheless, the countries

in the samples do not change appreciably, only the time period shifts with the
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Table 4

Estimetes of Primary School Expenditures and
Components, with the Price of Teachers Exogenous?®

Dependent Variables Enrollment Ratio Teacher— Capital Teacher Total
in Logarithms Male Female Total Student Intensity Salary Expenditure
Ratio Index per Child
Age 6-11
(S/P) (S/P) (S/P) (T/S) {E/C) (C/T) (E/P)
Explanatory
Variables: (1) (2) (3) (%) (5) (6) (7
GNP per Adolt in 158 .332 .224 .145 -.0002 1.0 1.37
1970 (log) (3.79) (5.07) (4.66) (3.75) (.01) (26.5)
Relative Price of -—.188 -.153 -.194 -.158 -.0428 1.0 .606
Teachers (log)t (5.13) (2.67) (4.61) (4.65) (1.72) (13.4)
Proportion of .0898 -,0173 .0390 -.308 -.0925 0.0 -.362
Population Urbean (.54) (.07) (.20) (2.00) (.82) (1.76)
Proportion of Pop- 2.44° 7.87 4.25 -4.03 -1.22 0.0 - =1,00
ulation Age 6-11 (1.88) (3.88) (2.86) (3.36) (1.39) (.63)
Total Fertility -.0130 -.110 -.0508 -.0270 L0155 0.0 -.0623
Rate (.55) - (2.97) (1.87) (1.23) .97 (2.13)
Intercept -1,.36 -3.05 -1.95 -3.44 .372 0.0 -5.01
(4.15) (5.97) (5.19) (11.3) (1.68) - (12.4)
Y .430 .517 511 .539 .029 1.0 .952
Sample Size
is 186
Dependent
Varisble
Mean (Standard -.126 -.365 -.229 -3.49 192 7.39 - 3.87
Deviation) (.355) (.604) (.440) (.366) (.184) (1.10) (1.51)

8The price is treated as exogenous and estimated with ordinary least squares. Absolute
value of t ratio reported in parentheses bemeath regression coefficients.
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Table §

Estimates of Secondary School Expenditures and
Components, with the Price of Teachers Exogenous?®

Dependent Variables Enrollment Ratio Teacher- Capital Teacher Total
in Logarithms Male Female Total Student Intensity Salary Expenditure
Ratio Index per Child
Age 12-17
(S/P) (S/P) (S/P) (T/S) (E/C) (¢/T) (E/P)
Explanatory
Variables: 1) (2) (3) (4) (5) . (6) &)
GNP per Adult in .399 .766 .526 03177 -0132 1.0 1.55
1970 (log) (4.97) (9.13) (7.03) (.69) (.37 (27.8)
Relative Price of -.354 -.403 -.389 -.0927 -.0225 1.0 496
Teachers (log)® (6.84) (7.45) (8.05) (2.63) (.99) (13.8)
Proportion of -.219 -.575 -.380 -.0181 -.0766 0.0 -.474
Population Urban (.71) (1.78) (1.32) . (.09) (.56) (2.21)
Proportion of Pop— 1.69 10.5 4.53 -9.69 -2.14 0.0 -7.29
ulation Age 12-17 (.63) (3.74) (1.81) (5.29) (1.81) (3.91)
Total Fertility -.104 -.192 -.134 .0454 .0113 0.0 -.0775
Rate (2.91) (5.13) (4.03) (1.87) (.72) (3.12)
Intercept -2.84 -6.15 -3.92 -2.01 .574 0.0 -5.35
(4.05) (8.40) (6.00) (4.20) (1.86) (11.0)
r2 .763 .872 .839 .261 .039 1.0 .959
Sample Size
is 139
Dependent
Variable
Mean (Standard -1.33 -1.78 ~1.49 -2.99 .192 8.42 4.14
Deviation) (.882) (1.25) (.999) (.341) (.193) (.903) (1.47)
8The price is treated as exogenous and estimated with ordinary least squares. Absolute

value of t ratio reported in parentheses beneath regression coefficients,
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Table 6

Estimates of Total School Expenditures and
Components, with the Price of Teachers Exogemnous

‘Dependent Variables Enrollment Ratio Teacher— Capital Teacher Total
in Logarithms Male Female Totel Student Intensity Salary Expenditure
‘ Ratio Index per Child
Age 6-17
(s/P)_ (S/P) (S/P) (T/8) (E/C) (€c/T) (E/P)
Explanatory
Variables: (1) (2) (3) (4) (5) (6) (7)
GNP per Adult .237 457 .314 .114 -.0085 .919 1.41
in 1970 (log) (4.66) (5.98) (5.66) - (3.22) (.23) (24,0) (24.4)
Relative Price of ~-,250 -.239 -.267 -.103 -.0154 1.17 485
Teachers (log)? (5.21) (3.31) (5.09) (3.08) (1.50) (32.4) (8.87)
Proportion of -.0471 -.314 -.161 -.161 -,108 -.0642 -.334
Population Urban (.25) (1.08) (.76) (1.20) (.78) (.44) (1.51)
Proportion of Pop- .432 3.31 1.47 -2.92 -1.03 -.551 -2.81
ulation Age 6-17 (.52) (2.64) (1.61) (5.05) (1.73) (.88) (2.96)
Total Fertility -.0381 -.127 -.0746 .0130 .0166 .0478 -.0365
Rate ) (1.46) (3.26) (2.62) (.72) (.89) (2.43) (1.23)
Intercept .885 -1.11 .221 -3.0% .565 .527 -4,82
(2.05) (1.71) (.469) (10.3) (1.83) (1.62) (9.82)
R2 .660 .693 L7117 .527 .043 .948 .956

Sample Size
is 132

Dependent Variable

Mean (Standard 2.03 1.72 1.90 -3.31 .195 8.80 3.89
Deviation) (.461) (.728) (.551) (.271) (.196) (.886) (1.45)

8The price is treated as exogenous and estimated by ordinary least squares., Absolute
value of t ratio reported in parentheses beneath regression coefficients,
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Table 7

Estimates of Primary School Expenditures and Components
with Price of Teachers Endogenous?

Dependent Variables Enrollment Ratio Teacher— Capital Teacher Total
in Logarithms Male Female Total Student Intensity Salary Expenditure
Ratio Index per Child
Age 6-11
(s/P) (S/P) (8/P) (T/8) (E/C) (C/T) (E/P)

Explanatory

Variables: (1) (2) (3) (4) (5) (6) (&)

GNP per Adult in .239 .430 .314 .168 .0008 .870 1.35

1970 (log) (3.96) (4.84) (4.53) (4.12) (.03) (33.7) (20.2)

Relative Price of -—,627 -.760 -.698 -.181 -.0106 1.05 161

Teachers (log)? (4.81) (3.96) (4.67) (2.06) (.16) (18.8) (1.11)

Proportion of -.286 -.520 -.389 -.351 -.0736 .193 -.620

Population Urban  (1.14) (1.41) (1.35) (2.08) (.60) (1.80) "(2.23)

Proportion of Pop— 1.93 6.39 3.50 -2.98 -.773 -7.07 -7.33

ulation Age 6-11  (1,08) (2.43) (1.71) (2.48) (.88) (9.26) (3.71)

Total Fertility .0450 -.0277 .0163 -.0268 .0102 -.0120 .0116

Rate (1.23) (2.43) (.39) (1.08) (.57) (.76) (.29)

Intercept -1.60 -3.20 -2.18 -3.71 .291 1.75 -3.86
(3.62) (4.92) (4.31) (12.5) (1.34) (9.27) (7.87)

F 16.05 25.03 21.78 38.06 .46 1383, 441,

Sample Size

is 186

Dependent

Variable

Mean (Standard -.126 -.365 -.229 -3.49 .192 7.39 3.87

Deviation) (.355) (.604) (.440) (.366) (.184) (1.10) (1.51)

8The price is treated as endogenous and estimated with instruments of secondary

enrollment ratio, urbanization, and GNP per adult, all lagged tem years.

Absolute value of

asymptotic t ratio reported in parentheses beneath regression coefficients.
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Teble 8

Estimates of Secondary School Expenditures and Compoments,
with Price of Teachers Endogenous?®

Dependent Variables Enrollment Ratio Teache r— Capitel Teacher Totel
in Logarithms Male Female Total Student Intensity Salary  Expenditure
: Ratio Index per Child
Age 12-17

(S/P) (S/P) (S/P) (T/S) (E/C) (c/T) (E/P)

Explanatory

Variables: (1) (2) (3) (4) (5) (6) &)

GNP per Adult in .304 .649 428 .105 -.0087 942 1.47

1970 (log) (2.70) (5.13) (3.85) (1.53) (.24) (51.4) (21.9)

Relative Price of —-.905 -1.07 -.964 .194 -.0082 1,02 .242

Teachers (log)? (6.58) (6.92) (7.11) (2.33) (.19) (45.5) (2.97)

Proportion of -.776 -1.25 -.963 .238 -.,0661 .143 -.649

Population Urban (1.76) (2.52) (2.22) (.89) (.47) (1.99) (2.49)

Proportion of Pop— -2.19 5.67 .593 -6.16 -1.87 -5.22 -12.7

ulation Age 12-17 (.58) (1.33) (.16) (2.67) (1.53) (8.42) (5.61)

Total Fertility -.0049 -.0597 -.0203 -.0093 .0087 -.0114 -.0322

Rate (.09) (.98) (.38) (.28) (.50) (1.28) (1.00)

Intercept -1.02 -3.92 -2.04 -3.27 492 1.03 -3.78
(.97) (3.31) (1,97 (5.12) (1.46) (6.04) (6.08)

F 48.99 86.87 69.58 6.42 .88 1264, 419,

Sample Size

is 139

Dependent

Variable

Mean (Standard -1.33 -1.78 -1.49 -2.98 .192 8.42 4.14

Deviation) (.882) (1.25) (1.00) (.341) (.193) (.903) (1.47)

8The price is treated as endogenous and estimated with instroments of secondary
enrollment ratio, vwrbanization, and GNP per adult, all lagged ten years. Absolute valumeof
asymptotic t ratio reported in parentheses beneath regression coefficients,
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Table 9

Estimates of Total School Expenditures and Components,
with Price of Teachers Endogenous?®

‘Dependent Variables Enrollment Ratio Teacher- Capital Teacher Total
in Logarithms Male Femele Total Student Intensity Salary Expenditure
Ratio Index per Child
Age 6-17
(S/P) (s/pP) (s/p) _(T/8) (E/C) (€/T) (E/P)
Explanatory
Variables: (1) (2) (3) (4) (5) (6) &)
GNP per Adult in .277 496 .357 . 126 -.0018 .756 1.35
1970 (log) (3.80) (5.03) (4.54) (3.40) (.05) (12.9) (20.8)
Relative Price of ~-,767 -.863 ~-.816 .0267 -.0223 1.43 .168
Teachers (log)® (5.08) (4.37) (5.14) (.36) (.30) (12.0) (1.28)
Proportion of -.473 -.821 -.614 -.0763 -.0927 .280 -.513
Population Urban (1.59) (2.03) (1.91) (.50) (.62) (1.17) (1.93)
Pioportion of Pop— -.479 2,02 . .501 -2.22 -.792 -3.13 -5.21
ulation Age 6~17 (.39) (1.23) (.38) (3.57) (1.31) (3.20) (4.80)

" Total Fertility L0450 -.0292 .0137 -.0022 .0142 -.0286 -.0073
Rate (.1,06) (.51) 4(.30) (.10) (.67) (.84) (.19)
Intercept 1.27 -.529 .623 -3.49 423 2,28 ~3.40

(2.04) (.63) (.93) (11.0) (1.37) (4.57) (6.15)
F 27.85 36.23 34,25 23.38 .69 134. 414,
Sample Size
is 132
Dependent
Variable
Mean (Standard 2,03 1.72 1.90 -3.31 .195 8.08 3.89
Deviation) (.461) (.728) (.551) (.271) (.196) (.886) (1.45)

8The price is treated as endogenous and estimated with instruments of secondary
enrollment ratio, urbanization, and GNP per adult, all lagged ten years. Absolute value of
asymptotic t ratio reported in parentheses beneath regression coefficients.
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frequent omission of the 1960s and emphasis given to the 1970s (§ee appendix'
table A-1). OLS estimates from the larger samples are similar to those
reported here.

Alternatives to these preferred specifications of equation (8) are reported
.in appendix tables A-2, A-3 and A-4 for OLS estimates excluding total fertility
rates, although in this form the proportion of the population of school age may
also proxy for parental quality/quantity choices. Tables A~5, A-6, and A-7
report the analogous IV estimates without total fertility rates, with the same
caveat. Finally, Tables A-8, A-9 and A-10 report the IV estimates of the
preferred specification for the subsample of less developed countries, which
constitute about four-fifths of the overall sample.

According to the OLS estimates the income elasticity of expenditures (8) on
primary, secondary, and total school systems exceed unity; they are
specifically 1.37, 1.55, and 1.41, respectively. The IV estimates are similar,
1.35, 1.47 and 1.35. The share of income expended on each level of schooling
tends to increase with real GNP per adult. The elasticity of educational
expenditures with respect to the relative price of teachers is .60, .50 and .49
at the three school levels, if we accept the assumptions underlying the OLS
estimates. The preferred IV estimates of price elasticities are, as expected,
substantially lower at .16, .24 and .17. According to these IV estimates the
elasticity of the quantity of schooling services demanded with respect to the
price of labor, in the model n, is equal to -.80, -.70 and -.80,16

The coﬁposition of these income and price effects on public expenditures
differs slightly by school level. In the primary schools, the income elasticity
is about twice as large for enrollments as for teacher-student ratios; the IV
estimates are .31 for quantity and .17 for quality (Col. 3 and 4)., The

physical capital intensity index is not well explained by any of the economic
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or demographic variables, and may contain largely transitory variations in
capital appropristions or unsystematic measurement error (Col. 5). There is mno
evidence of complementarity or substitutability of capital for labor. Teacher
salaries increase five percent faster than do incomes per adult (Col. 6),
contributing to the elasticity of the income—expenditure relatiomship (Col. 7).

At the secondary school level (Table 8), the income elasticity is four
‘times larger for quantity (.43) than for quality (.11). The price elasticity
of secondary enrollment is substantially larger in absolute value, —.97, than
that at the primary level, —.70. The price elasticity of total expected years
of'schooling is also large, —.82 (Table 9, Col. 3), falling between the primary
and secondary school estimates. A decline in the price of school teachers
relative to national productivity is associated with a substantial increase in
enroliment and modest increase in the ratio of primary school teachers to
students,

Urbanization exhibits a relatively weak, but comsistent, relationship with
public expenditures on schooling. According to the IV estimates, a country
_ which has ten percent more of its population in urban areas, tenmds to expend
six percént less on schooling per child, at both the primary and secondary
levels. This is accomplished at the primary level by a reduction in
enrollments and in teacher—to—student ratios, whereas at the secondary school
level most of the reduction occurs through lower enrollments., These estimates,
however, are based on the specification that permits urbanization a decade
earlier to help determine the relative price of teachers today, and lagged
urbanization is sigﬁificantly associated with lower current relative prices for
teachers, Thus, this indirect role of urbanization is to reduce the price of
teachers and thereby induce an offsetting, but lagged, effect increasing

enrollment rates.
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If urbanization‘is.excluded from the list of instruments to estimate price
effects, the net contemporary effect of urbanization on school expenditures is
to reduce current outlays per teacher, with little net effect on enrollments or
teacher-student ratios.17 Expenditures per child, in either case, are
systematically lower in more urbanized countries when income levels and
relative prices are held conmstant,

The data examined here are not very helpful in getting behind these
economies of urban schools to determine their precise origimn. Comsolidation of
schools into more efficient sized units to exploit specialized teaching
functions in more densely populated areas is oftenm cited as an important source
of economies of scale in public schools.18 Higher population densities could
also reduce the private opportunity cost of travel time for students. But the
lack of large effects of urbanization reducing teacher-student ratios in
secdndary schools, or increasing enrollments, suggests that economies of scale
or reductions in private student time costs are uvnimportant.

The relative size of the school aged cohort, which is highly correlated
with recent levels of population growth, is associated with lower expenditures
on primary, secondary, and total school systems, and according to the preferred
IV estimates, reported in Tables 7, 8 and 9, the effect is statistically
significant and of a substantial magnitude., An increase in the proportion of
the population of primary school age by tem percent, from .153 to .168, is
associated with an eleven percent decline in primary school expenditures per
child. In other words, the IV estimates suggest primary school expenditures do
not increase in response to an incresse in the size of the school aged cohort.
There are offsetting tendencies for primary school enrollment rates to increase

for the larger cohorts, whereas teacher—student ratios fall, Teacher salaries,
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in addition, are substantially lower (ten percent) for the larger school aged
cohort, and this appears to be the main factor explaining the lower
expenditures per child.

The IV estimates impiy a ten percent larger cohort is associated with an
even larger decline in expenditures per secondary school aged child, of about
17 percent. Secondary enrollments are unaffected, but teacher salaries and
teacher—-student ratios are notably lower. In the OLS estimates the cohort size
effects are substantially smaller and less statistically significant, but
similar offsetting movements in enrollment rates and teacher—student ratios are
| still evident (see Tables 4, 5 and 6).- Larger birth cohorts do not seem to

receive fewer years of schooling, as attested to by the pattern of enrollment
ratios, but they do appear to receive schooling of lower human and perhaps
physical capital intens;ty; this adjustment in the factor intemsity inm
'schooling is, moreover, & plausible economic respomnse to the relativé scarcity
of both forms of capital in many poor countries recently experiencing rapid
population growth. Much thonght has been given to how health care delivery
systems might be encouraged to use less human— and physical-cepital intensive
technologies in low income countries, rather than directly transfer_tﬁe highly
capital intemnsive procedures used in the industrially advanced high income
countries. The curreant adoption of western medical technologies in low income
countries is cited as contributing both to great inefficiencies and also
inequities, since the services of this modern medical system are so costly that
they can only be provided to the elite living in &8 few metropolitan areas of
the low income world. The tendency noted in this paper of low income countries
to substitute away from human— and physical-capital intensive educational

production technologies appears, therefore, to be a reasonable innovation on
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_economic grounds to different factor scarcities (e.g., Binswanger and Ruttan,

1978) until evidence is presented that the productive benefits for persons
being schocled by these less capital intemsive methods are greatly reduced,19

To determine which country observations are giving rise to this pattern,

the model is reestimated within the small strata of high income industrially
advanced countries and within the rest of the sample (about 80 perceant). The
relative cohort size variable exhibits the same statistically significant
effect on primary, secondary, and total school expenditures in the sample of
""lower income countries, and increases in magnitude by five to tem  percent.
(See Appendivaables A-8, A-9 and A-10.) In the small sample of industrially
advanced countries cohort size is also generally significant (not reported).
Among only the low income countries, for whom variation in cohort size relates
clearly to the pressures of rapid population growth, the relative number of
school aged children is associated with lower teacher-student ratios, and
lower wages per teacher. Income and price elasticities based only on the less
developed countries are similar to those reported above.

Fertility, as anticipated, is inversely associated in the OLS estimates
with school expenditures per child, and this correlation appears to stem from
an inverse association between enrollment and fertility, particularly at the
secondary level, Such a pattern could be expected if the private substitution
by parents of more schooling resources per child in place of having additional
children led to an increase in the private demand for schooling, and hence to
greater enrollment rates, But the preferred IV estimates indicate no
relationship between fertility and school enrollments or expenditures, except
perhaps for primary enrollments of girls, The deletion of fertility from

equetion (8) leads to larger (more negative) estimates of the effect of cohort
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size on schooling inputs, as anticipated (see tables A-2 through A-7), but the

»

differences are not substantial (less than 10 percent).

7. Sex Differences in_School Enrollment Rates

Differences in the school enrollment rates of boys and girls may have much
to do with the level of child mortality and fertility, the rate at which women
migrate from rural to urban areas, leave démestic activities for employments in
the market labor force, and in particular, for jobs in the nonagricultural
sector., The future economic status of women relative to men depends heavily on
their enrollment in school and their ability thereby obtained to benefit
directly from the increased productive opportunities created by modern economic
growth,

First, all of the estimates imply that the income elasticity is larger for
female enrollment rates than for male enrollment rates. The preferred (IV)
point estimates for female and male enrollment rates are .43 and .24 at the
primary level, .65 and .30 at the secondary level, and .50 and .28 for total
expected years of schooling. Second, the price enrollment elasticities are.
greater in absolute value for female tham for male-enrollments: -.76 and -.63
for primarf,‘-1.07 and -.91 for secondary, and —.86 and —-.77 for total expected
years of schooling, A fifty percent increase ir incomes per adult from the
sample mean of 721 (1970 U.S., dollars) would raise primary enrollment rates for
girls from 69 to 83 percent, while the rate for boys would increase from 88 to
97 percent, The girls would improve their relative achievement from .78 of boys
to .85, The ’'gender gap' in secondary schools would also close by a fourth,

with girls increasing their enrollment rates from 17 to 22 percent, while the
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rate for boys would increase from 26 to 30 percent. Reducing the relative
price of schooling has an effect of improving female enrollments relative to
mﬁles that is similar to that of raising incomés. According to these cross
‘sectional estimates of income and price elasticities, economic development with
its effects on adult income and relative wages of teachers is likely to be
associated with an equalizing of schooling opportunities between boys and
girls; these tendencies are also evident in the restricted sample of less
developed countries.20 Here may be & potent dimension of the development
process that unleashes demands for the schooling of girls and young women that
in turn play a pivotal role in governing the iiming and pace of the demqgraphic
transition,

Religion is often cited as a8 traditional cultural force that influvences the
status of women and their educational opportunities relative to men., Muslim
culture, in particular, is often singled out for its distinctive attitudes
toward women's status, education, employment and, consequently, fertility
(Kirk, 1966). Adding to our framework percentage of»the population that is
~ Muslim and the percent that is Catholic leads to the asuxilary regressioas
reported in Table 10.

At the primary school level and for total expected years of schooling the
difference in the Moslem coefficient for men and women is statistically
significant at the 10 percent level. Moving from a country with the sample
average percentage of Moslems at 37 percent to a country that is cntifely
Moslem is associated with a declinme in primary enrollments for males of from 88

to 76 percent and for females from 69 to 50 percent. In relative terms, the
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Table 10

Enrollment Ratios for Males and Females Including Proportion of
Population Moslem and Catholic, with Price Endogenous

Primary : Secondarz Expected Years
Male Female Male Female Male Female
Explanatory Variables:
GNP per Adult .234 .404 .337 .607 .274 .450
in 1970 (log) (3.63) (4.18) (3.11) (4.42) (3.50) (4.09)
Relative Price of -.664 -.857 -.874 -1.07 - =.796 -.966
Teachers (log)® (4.79) (4.14) (6.68) (6.49) (5.11) (4.42)
Proportion of .228 422 .895 1.24 -.417 -.632
Population Urban (.85) (1.06) (2.13) (2.33) (1.32) (1.43)
Proportion of Population 1.25 4,07 -1.13 4.52 -.700 .840
in School Age (.69) (1.40) (.31) (.98) (.53) (.46)
Total Fertility .0763 .0477 - -.0283 -.0573 L0679 .0479
Rate (1.86) (.78) (.52) (.83) " (1.43) (.72)
Moslem -.0024 -.0053 .0031 -.0002 -.0018 -.0059
Percent (2.22) (3.27) (1.73) (.08) (1.35) (3.16)
Catholic ' -.0002 .0010 -.0001 .0025 -.0004 .0007
Percent (.22) (.70) (.10) (1.30) (.35) (.45)
Intercept ' -1.56 -2.94 -1.27 -3.59 1.29 -.144
(3.26)  (4.11) (1.27) (2.82) (1.94) (.15)
F 11.08 18.01 39.90 55.54 17.49 24.15

B Price treated as endogenous variable and estimated with instruments of secondary
enrollment ratio, urbanization, and GNP per adult, all lagged ten years. Absolute value of
asymptotic t ratio reported in parentheses beneath regression coefficients.
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ratio of female enrollment rates to male would decline in this case from .78 to
.66. The regression coefficient on the Catholic variable is not statistically
significant, but works in the direction of increasing female relative to male
enrollment rates. The general direction of income and price effects is mnot
altered by the inclusion of the two religion variables, though the effect of
population growth via cohort size is eliminated because of multicollinear-

ity. 21

8. The Shares of Nationasl Product Expended on Education

Another dimension of the educational system is the share of national
resources (GNP) allocated to the various levels of the public educational
system., Pryor (1968) found in his sample of 20 countries few pattemrns
-accounting for differences in the share of GNP allocated to education, other
than the tendency for nommarket socialist countries to expend more than market
economies on this activity. The proportion of children of school age (5-15)
did appear in Pryor's study to be positively associated with the share of GNP
spent on public education (1968, p. 193).22 Table 11 extends his findings to
include & larger sample with more low income countries, Per ;dult real income
is pbsitively associated with the share of GNP allocated publicly to primary,
secondary, and all educational levels combined, as implied by the earlier
estimates of the income expenditure elasticities exceeding one in Tables 4 to
9. A doubling of real income per adult is associated with 0.6, 1.2 and 1.3
percent more of GNP being asllocated to primary, secondary, and all levels of
rublic education combined, compared with the sample mean levels of 2.0, 2,5 and
4,0 (recall that the composition of the samples differ by school level).

Public Expenditures on secondary schools are a slightly larger share of GNP in
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Table 11

Regressions on Share of GNP Expended on Public Schools,
with Price of Teachers Endogenous?

Dependent Variable Primary Secondary Total
Schools System System System

(1) (2) (3)
Explanatory Variebles: -

GNP per adult in 1970 .00636 .0117 .0131
(log) (5.47) (7.41) (5.48)
Relative Price of .00286  .00447 .00674

Teachers (log)? (1.14) (2.31) (1.39)
Proportion of ~.0143 -.0205 -.0211
Population Urban (2.96) (3.30) (2.16)
Proportion of Pop- -.00114 -.0895 -.0490
ulation in School Age (.03) (1.67) (1.22)
Total Fertility .00089 .0006 .00139
Rate (1.27) (.73) - (1.00)
Intercept -.0231 -.0428 -.0391
. (2.71) (2.90) (1.91)
F ' 8.18 18.97 10.79
Sample Size : 186 139 132
Dependent
Variable
Mean (Standard .0201 .0253 .0404
Deviation) (.0087) (.0122) (.0166)

8The price is treated as endogenous and estimated with instruments of
secondary enrollment ratio, GNP per adult and urbanization lagged ten
years. Absolute value of asymptotic t ratio reported in parentheses
beneath regression coefficients.
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countries where the relative price of teachers is high, perhaps with ther
objective of increasing the pool of teachers and lowering their relative wage
in the future. Urbanization reduces all three shares due presumably to the
reduction in teacher wages noted earlier, The relative size of the school aged
child population has no nmoticeable effect on the shares of GNP expended on
education. Fertility is also uncorrelated with the share of GNP allocated to

public education,23

9. Patterns in Residumals

In Table 3 the average characteristics of the primary school sample were
presented by region. It is now possible to examine the deviatioms of regioms
from the patterns explained by the model., In other words, holdimg consfant for
‘national incomes per adult, prices, urbanization, and agé composition, as
estimated in Tables 7 and 8 for primary end secondary school systems, how do
the regions of the world differ in their level and pattern of school
expenditures and enrollments?

Tables 12 and 13 report the regiomnal averages of the residuals or
deviations in country level observations from those predicted by the fitted
model. Since all of the educational input and enrollment variables are in
logarithmic terms, with the exception of the final GNP shares, the average
residuals can be interpreted as approximately the proportion a region lies
above or below that predicted. Expenditﬁres per primary school aged child are
9 to 14 percent above ﬁverage in East Asia and Africa, but 24 percent below
average in South and West Asia. Enrollment rates ﬁt the primary level are also
notably above average in Africa and East Asia, but 41 percent below average in

South and West Asia and 14 percent below in Latin America. In the East Asian
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Table 12

Regionai Average Deviation of Primary School Expenditures
and Outputs From Those Predicted With Prices Endogenous

Region

Africa Latin East South and  Europe,
America Asia VWest Asia Gceania
and Canada

VWage (log)

(Sample Size) (62) (43) (21) {(24) (36)

Dependent Variable:

Total Enrollment 172 -.142 .147 -.409 .0605
Ratio (log)

Male Enrollment .151 -.164 .110 -.276 .0558
Ratio (log) .
Female Enrollment 227 -.106 .202 -.663 .0601

Ratio (log)
Teacher-Student -.0002 -.0256 -.0599 . .0633 .0234
Ratio (log)
Capital Intensity -,0062 -.0370 .0132 .0632 .0051
Index (log) ‘
Teacher Relative -.0303 .155 -.0058 .0385 -.155
Total Expenditures .135 ~,0492 .0941 -.244 -.0664
per child (log)
Expenditures as .0019 -.0010 .0011 -.0023 -.0012

Share of GNP

Source: Estimates from

Tables 7 and 11 and data.
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Table 13

" Regional Average Deviations of Secondary
School Expenditures and Outputs from Those Predicted with
Prices Endogenous

Region Africa Latin East South and Europe,
America Asia West Asiea Oceanisa
and Canada

(Sample size) (49) (35) (18) (16) 21)

Dependent Variable:

Total Enrollment .299 ~-.437 .184 -.239 .0555
Ratio (log)

Male Enrollment .292 -.502 .170 -.0742 0671
Ratio (log)

Female Enrollment .356 -.355 .235 -.615 .0289
Ratio (log)

Teacher—Student -.129 L2217 -.188 .0707 .0295
Ratio (log)

Capital Intensity -,0030 -.0424 .0199 .0966 -,0130
Index (log)

Teacher Relative -.0123 .0753 .0104 .0338 -.132
Wage (log)

Total Expenditures .155 -.177 .0258 -.0383 -.0596
per child (log)

Expenditures as .0033 -.0040 .0007 -.0007 -,0012

Share of GNP

Source: Estimates from Tables 8 and 11 and data.
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region, which has invested heavily in basic education for a number of years,
the ratio of teachers to students is surprisingly below average, whereas the
capital intemnsity is glightly above average. Teacher wages are higyer than
expected in Latin American and South and West Asia, but lower in the developed
countries., Finally, the share of GNP allbcated to the public support of primary
education is above average for Africa and less than expected in South and West
Asia, controlling for the economic and demogrephic constraints captured by the
’model.

At the éecondary school level, the equations gemerally fit enrollments more
closely than at the priﬁary level, but do less well in explaining
teacher—student ratios and teacher wages. Secondﬁry school expenditures per
child are about 16 percent above average in Africa, and some 18 percent below
average in Latin America. Enrollment rates show more veriation, with Latin
America and South and West Asia again reporting rates far below that which is
expected. In contrast, Africa and East Asia again exhibit enrollment rates far
above expectations. The teacher-student ratio is above average in Latin
America, but below in East Asia and Africa. Teacher wages are again higher in
regions such as South and West Asia and Latin America,wﬁich have invested less
than the predicted amount in secondary schooling in the past. Overell, the
share of GNP spent on secondary schools is below that expected for Latin
America and sbove in Africa.

The primery and secondary school regressions are consistent. They suggest
a large and unexplained underinvestment in primary and secondary schoolimg inm
the South and West Asian region and in Latin America. Enrollment rates, in
particular, are below the expected levels in these regions, while
teacher—stﬁdent ratios remain relatively high in Latin America at the secondary
level, while capital intemsity is high in South and West Asia. The high level

of teacher wages in Latin America and South and West Asia may be traced in part
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to the failure‘to enroll more children at the secondary level in earlier years.
The higher current wage paid for teachers contributes to the higher price of
educational services today which deters current public expenditures on the
school system in these régions.

Deviations from the pattern predicted by the model based on income, price,
demographic and distributional characteristics of the population may signal a
disequilibrium that might encourage the private sector to provide schooling.

I could not obtain snfficiént information to test this conjecture, but private
schools in Latin America and portions of Asia and Africa are not increasing
their share of enrollments in response to the sluggish public sector provisiom
of schooling services (See table A-11). Another hypothesis might be that
stagnant economic conditions were not propitious for rewarding education in the
workforce, and that depressed social and privste rates of returns to education
could explain the regional pattermns of low investment in schooling. Returns to
education may not_incréase with modern economic growth because of limited
regional and occupational mobility rewarding individuals on the basis of their
skills and education. Public policies may also have failed to encourage
technological change through adaptive research and development. Finally, the
absence of competitive domestic factor and productkmarkets, or distorting trade
and foreign exchange regimes, may have eroded the incentives to invest in
education or skewed the distribution of income so as to discourage broadly
based educational programs. Exploring these possibilities would take me far
beyond the‘scope of this paper, but at least in the case of Latin America,
studies do not support the view that the underinvestment in secoandary schooling
is due to a low return to this activity. Indeed, substantial private returas
accrue to those in Latin America who manage to get a secondary education

(Psacharopoulos, 1981), If the overall framework proposed in this peper is
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tengble, then further study of regional and country level deviations from those
predicted is warranted, both to discover why expenditures on schooling deviate
from the economic pattern estimated here and to determine if these deviations
could help to account fof the rate and structure of modern economic growth

occurring in these countries.

10. Conclusions

The empirical association between public school expenditures and
enrollments, on the one hand, and real incomes per adult and the relative price
of teachers, on the pther. confirms the view that imcome and price variables
contribute to determining the equilibrium level of expenditures on schooling
within a country. The working hypothesis that private demands for educational
services explain public expenditures is not rejected, Holding constant for
these dominant income and price constraints on the public educational system,
urbanization is fonnd to be associated with lower expenditures per school-aged
child, and this reduction in outlays on education in more urbanized countries
is associated with a lower price of teachers relative to other goods. A
plausible interpretation of this patéetn would presume that there are economies
in using teachers in the larger scale unrban schools and perhaps compensating
amenities in urban areas that teachers value, such as attractive employment
opportunities for teachers when schools are not in session.

The proportion of the populdation of school age is associated with lower
levels of public expenditures per child. Rapid population growth which tends
to increase the youthfulness of the population plays an indirect role,
therefore, in squeezing public resources allocated to the school system. This

demogrephic squeeze induced by a relatively large birth cohort depresses the
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teache:-student ;atio at both the primary agd secondary school level. But
primary school enrollment ratios tend to be higher for relatively large
coborts, leaving public outlays per primary school aged child less severely
depressed. Estimates of the demographic effects of cohort size on public
sector expenditures on the educational system are smaller, if one relies on
ordinary least squares estimates that ignore likely sources of bias ari#ing
from the endogensity of teecher prices within the current market for teacher
services,

Disentangling the effect of fertility om school outlays is not a simple
task, because fertility and decisions on the schooling of children are
approached by parents jointly., Causation cannot be inferred in this case from
correlation, In this study the partial correlation between totel fertility
rates and puvblic educational outlays was not statistically significant,

The separate examination of patterns of enrollment among girls and boys
confirms that female enrollments tend to increase more rapidly with income per
edult than do male enrollment rates. Correspondingly, the declime in the
relative wage of teachers, a measure of the relative price of eduvcational
services, is associated with larger gains in schooling for girls than for boys.
Thus, the rise in incomes and the declimes in relative prices of schooling that
appear to occur at the onset of modern economic growth contribute reinforcing
gains to the educational attainment of women that exceed those achieved by men.
If these cross section patterns estimated here hold over time with develqpment,
the relative improvements in women's education is a major and underemphasized
concomitant of the development process, with likely consequences for the rate
of decline in child mortality and fertility, and the long term declime in

population growth rates.
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Certain regions have been able to advance educational expenditures and
enrollments beyond that which one might have expected, based on incomes, the
cost of teachers, population distribution, etc. East Asia and Africi stand out
in this regard as 'overachievers’, while South and West Asis and Latin America
are below the levels expected on the basis of the fitted model. Africa’'s
relative performance, according to the criteria captured in the model, is in
striking contrast to the portrayal of a region suffering from administrative
inertia, an inability to achieve targets of universal primary schooling, and an
overpaid cadre of teachers (Jimenez, 1984; Lee, 1984; Sai, 1984). Since
‘ Africa has confronted relativély high prices for teachers, given the described
dynamics of expanding their school systems, it appears likely that the decline‘
in teacher relative prices will continue in Africa to help this contiment
increese enrollments without necessarily increasing.outlays per student.

One method for evaluating the overall framework proposed in this paper is
to calculate how well the educational changes in the last decade are explained
by the cross section estimates of the model and the actual changes in the
conditioning variables that occurred in this period. Cross section patterns do
not always satisfaétorily simulate changes over time. For this purpose only
the small number of countries that report sufficient data for the decade of
1965 to 1975 are examined. Actual proportionate changes in public expenditures
per child and enrollment ratios are reported in the first column of Table 14,
The second column is the sum of columns 3 through 7, which report the predicted
changes due to the actual changes in each of the five conditioning variables
multiplied by the IV estimates in Tables 7, 8, and 9. The last column of Table
14 indicates how much of the change from 1965 to 1975 is accounted for by the

predicted or simulated change. There are several possible reasons for



Table 14

Actual and Predicted Proportionate Changes in
Expenditures per Child and Enrollment Ratios

School Level Actual Predicted
(Sample Size) Change Change Predicted Change Due to Change in Variable Predicted
Dependent Variable Adult Relative Urban— Relative Total to Actual
Income ~ Price ization Cohort Size Fertility Change
(1) (2) (3) (4) (5) (6) (7) (8) =
(2)/Q)
Primary Schools (63)
Expenditures/Child .343 .319 .379 -.027 -.036 .010 -.007 .93
Enrollment Ratio
—Total .160 .166 .088 115 ~.023 -.005 -.009 1.04
—-Male .128 125 .067 .108 -.017 ~-.003 -.026 .98
——Female .228 .224 121 .125 ~-.030 -.008 .016 .98
Secondary Schools (48)
Expenditures/Child .385 .234 .413 -.079 -.038 -.081 .018 .61
Enrollment Ratio
—Total .592 .393 121 .313 -.056 004 .011 .66
--Male .504 .323 .086 .294 -.045 -.014 .003 .64
~—Female .663 .528 .183 .347 -.072 .037 .034 .80
Total School System (45)
Expenditures/Child .497 .287 .364 -.030 —.027 -.023 .004 .58
Expected Years
~— Total .303 .186 .096 .131 -.036 .002 -.008 .61
—— Male .255 142 . 075 .123 -.028 -.002 -.025 .56
—— Female .375 .249 o .134 .139 -.049 .009 .016 .66

Source: Estimates from Cols. 1, 2, 3, and 7, Tables 7, 8, and 9. Change data from separate tabulation
of sample for all countries with complete 1965 and 1975 information. See footmote 24.
for 1ist of countries included in secondary school sample.

9¢
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'divergence. First, the model is fit to & pooled combination of cross section
date from several time periods, and not to just the 1965-1975 time series
changes within countries. Second, the sample of countries for which the
1965-1975 comparisons caﬁ be performed is much more restricted than the sample
used in estimating the model, A third reason is, of course, the omission or
misspecification of explanatory factors,

This parameterized model simulates the changes in expenditures and
enrollments quite well for the primary school systems, that is, 93 and 104
percent of the growth is explained from 1965 to 1975 in expenditures and
enrollments, respectively. Puoblic expenditures per child at the primary level
increased a third in this decade. The decadal incresase in incomes per adult of
about & quarter would have contributed by itself to an even larger increase im
expenditures, but this increase was moderafed slightly by the relative decline
.in primary school teacher salaries and urbanization. The slight decrease in
school cohort size increased expenditures marginally, whereas the decline in
fertility was associated with a small decrease im school expenditures.
Enrollment rates at the pfimary level responded predominantly to the decline in
¥e1ative prices (of teachers), but also increased with incomes, particularly
for females., Urbanization, relative cohort size, and fertility had relatively
‘ minor effects on primary enrollments.

At the secondary school level the model underpredicts the substantial
increases in expenditures and enrollments that actually occurred in this sample
of 48 countries.24 Again, income growth alonevwoula have suggested a more
rapid increase in expenditures than actnallyboccnr:ed; whereas the decline in
prices, urbanization and a small increase in cohort size restrained the growth

in secondary school expenditures per child., Enrollments at the secondary leiel
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respond strongly to the decline in relative price of teacher salaries; these
price effects are larger at the seconﬁary level than they were at the primary
level. Enrollments at the secondary level are not greatly affected by the
changing demographic characteristics of the population,

VWhen analysis focuses on the total school system, for which our data is
less satisfactory, the underprediction of the fitted model remains substantial,
Respoanse patterné lie between those estimated for the primary and secondary
school separately. Disaggregating enrollments (expressed as expected years of
schooling) by sex indicatgs again bhow the increase in income per adult and
decline in the relative price of teachers help to account in this decade fof
the more rapid proportionate increase in tﬁe enrollment of girls than of boys.

In concluding, let me stress the need for much further work on these
largely unexplored dats and issues. There is no substitute for reliable date,
be they across countries or across individuals or over time on either countries
or individuals, The national observations examined here could undoubtedly be
reconstructed from underlying government accounts and records for each country
and they might fhereby be made more comparable and precise. But I am doubtful
that the salient patterns in ;he published compilations of data that are
derived in this paper would thereby be reversed.

The statistical significance of the relationships fit to the country
observations may also be misstated somewhat, because the repeated observations
from #ome countries at five year intervals are not independent; the 'true’
sample size might thus be viewed as less than that nnmerically_reported. If
the observations are restricted to an average for each country, that is we base
our analysis on 8 simple cross section of country averages, the estimated

coefficients are not greatly affected, but their standard errors increase
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somewhat, and thus significance levels decline.25 The main finding of this
analysis of available intermational data from educational systems is that
public expenditures on schools have conformed to regular patterns with respect
to consumer incomes and prices and demographic constraints. Clearly at the
secondary level, and probably also at the primary level, rapid population
growth has depressed levels of expendifures per child of school age. This has
ocurred by increasing class size and lowering teacher salaries, but not by
restricting notably enrollments. The next step is to clarify the origins for
many of the departures from this international standard and to determine the
extent to which the decline in public school expenditures per student that is
associated with rapid population growth is an inefficient distortion in the

allocation of social resources.
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Footnotes

1 Pryor (1968) considered for a relatively small number (20) of countries,
market and centrally planned socialist, the level of public expenditures on
education. In his effort to explain the share of GNP publicly expended on
education he observed a significant partial correlation with per capita income
levels and share of population age 5-15, Simon and Pilarski (1979) regressed
primary and secondary enrollment ratios and educational expenditures against
per capita income, the crude birth rate, life expectancy, and several other
variables. They found enrollments and expenditures per child positively
related io income and inversely related to birth rates. The partial
correlation with crude birth rates was statistically significant only for
secondary school enrollments., Because fertility and the schooling of children
are partially determined by parents in response to similar constraints and
related preferences, the covariation of these two choice variables does not
confirm or reject the hypothesized causal effect that a relatively large cohort
of school aged children depresses the average educational resources and school
achievements of that cohort, Lall (196%9) and Kelley (1976) also explore

paetterns of government expenditures across low income countries.

2These illustrative figures are drawn from World Development Report 1984,
Vorld Bank Staff, Oxford University Press, 1584, Tables 1, 23, and 25. See
also Preston's (1980) comparisons of life expectation across more uniform and

reliable data from a smaller number of countries.

3The population of primary and secondary school age, according to UNESCO
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conventions ages 6 to 17, increased by an estimated 131 percent from 1950 to
1980 in the less developed regions of the world, while the totsl population
increased 95 percent (UN, 1982b). From 1960 to 1980 the corresponding figures

were 68 and 58 percent.

4See Appendix Table A-11 for regional breakdown of existing data on
private school enrollments and its limitations as an unweighted average over a

relatively small set of reporting countries,

SUNESCO Yearbook figures on public expenditures are generally designed to
jnclude public sector outlays, including subsidies from the public sector to
private schools. Footnotes also indicate, particularly for some African
countries, that school fees paid by parentg to the public schools are included
in public sector expenditures. The data on public expenditures on education
that are analyzed in the subsequent regressions are thus designed to include

state and local government spending on schools.

6The political process may not assign everyone's vote an equal weight,
however, For example, urban populations in many low income countries appear to
exercise greater influence on public sector decisions than do dispersed rural
populations (Lipton, 1977). Without data on the distribution of income, public
services, or taxes across subgroups within countries, it is not fruitful to
speculate further here on the distributional implications of how this political

process works,

TSince relatively few studies have estimated the private or scciel returns

to education, it is not possible here to even examine the correlation
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between unexplained deviation in public investments in schooling and the level
of private and public returns to schooling. The most comprehlensive comparison
of rate of return studies is that by Psacharopoulos (1981). Differences in
methodology across even fhese summarized country studies undermine the

comparability of the return calculations.

SFor example, urbanization was hypothesized to reduce the unit costs of
education for techﬁological reasons. But it might also be associated with
.higher relative demands for educated labor, and hence higher producer rates of
return to schooling. Urbanization, as one variable in Z, could thos influence
education both by altering production technology and by increasing household

demands.

INote that if the demand for educatiomzl services is relatively imelastic,
n > -1, and education is a public good, ¥y < 1, the 'cohort size effect’ could
be interpreted as a scale effect of schooling as a public good, i.e. (n + 1)(y

- 1).

1°Eqnation (9) may be rewritten in logarithms:
1n(E/P) = 1n(S/P) + 1a(T/S) + 1n(E/C) + 1n(C/T)
and regressions would be calculated of the following form at each level of
schooling:

In(E/F)

= B11 * B121nY + Py3laPy + P42
1n(S/P) = Bgq + Pagln¥ + PaglnP, + PoyZ
In(T/S) = B31 + B321nY + P331nPy + BgaZ
1In(E/C) = B4y + Bg21nY + Pa31nPy + ByyZ
In(C/T) = Bs1 + Bs521nY + Bs31lnPy + PsyZ
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The adding up of component effects implies that

B1i = .5 Bji for i =1, ..., 4.
i=2

117¢ may be argued that the use of foreign exchange (FX) rates in 1969-71
to translate GNP from local currencies into the common unit of dollars gives
insufficient weight to nontraded commodities. The tendency is to exaggerate
differences across countries in real consumer income per adult. Recent work to
construct a purchasing power parity (PPP) basis for comparing incomes across
countries by Kravis, Heston and Summers (1982) is built on & sample of
countries for which price indexes were constructed and thenm generalized and
revised to apply to other countries by Summers and Heston (1984)., For example,
FX translated GNP per adult is forty—three times larger in the U.S., than in
India in 1970, whereas the PPP real income per adult difference is omnly
thirteen to one. Consumer welfare may be better approximated by the PPP income
deflator and.therefore the PPP deflated figures were used in reestimating the
schooling equations reported in this paper. In general, PPP income
elasticities of school expenditures increased abount a quarter, as would have
been expected since the sample variamce in log PPP incomes is markedly less
than the variance in log FX incomes. Price elasticities were reduced somewhat,
suggesting that some of the differemces in the relative price of teacher
salaries are captured in the PPP adjustment procedure. No systematic changes
occurred in the coefficients on relative size of school aged cohorts, nor were
the estimated effects of urbanization noticeably changed by this substitution
of one measure of real GNP for the other. Substantive conclusions of this
paper are not partipuiarly sensitive, therefore, to this choice of procedure

for translating GNP across countries into common welfare units.
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12The disturbances in the equation determining current demands for
schooling that would affect today's wages of teachers might also be correlated
with the unexplained disturbances in the equation determining enrollment rates
ten years earlier, such as might arise from a persistent country-specific
unobserved effect. This form of error structure would imply that the lagged
enrollment variable was not actually exogenous to the wage equation. The
two-stage estimates baéed on the lagged enrollment instrument would then be
subject to the classical simultaneous equation bias and also would be
inconsistent. Although I cannot be confident of the direction of this bias on
the price elasticity, it would seem likely to bias positively the estimate of
the enrollment effect on wages. In fact, the enrollment effect is estimated to
be negative and appears statistically significant for both the primary and

secondary teacher wage rates as reported in footnote 1l4.

13pn analogous errors—in-variable bias arises in the study of labor supply,
where earnings are divided by hours worked to obtain a wage rate that is

specified by theory as a determinant of hours.

lbrpe implicit primary and secondary school logarithmic wage equations for
teachers were estimated as conditioned on the secondary school enrollment rate,
income per adult and proportion of the population urban, all of which
explanatory variables were evaluated ten years earlier:

In Wpy = -1.84 - .349 In E

_4n * +355 1n GNP/A¢_10 - .808U..10
(3.38) (6.22)  t°10 (2.675

(4.30)
n = 186 RZ = ,264
In Wy, = -.931 - ,646 1n E .305 1n GNP/A;.10 - 1.25U§_10

_ see1n T
t (1.18) (8.25) 10 “(2l61) (3.22
n = 139 RZ = ,601
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where E refers to the secondary school enrollment proportion ten years

St-10
ago, GNP/A;.10 indicates GNP per adult (age 15 to 65) measured ten years
earlier, Ui_q0 is the urban proportion of the population ten years ago, and

Wpt or Wyt are the school current expenditures per primary or secondary school

teacher divided by GNP per adult today.
155ee footnote 11.

16From equation (8) the coefficient on the relative price or teacher wage
variable in the expenditure functiorn is bg=a(n + 1), and thus the estimated

price elasticity, n=(bs/a) - 1. The sample mean of e is .82,

17 1¢ appears to be generally cheaper.to hire teachers in a more urbanized
area, though GNP per adult augments teacher wages more than proportionately.
Urban amenities including summer employment opportunities may be valued
particulafly strongly by teachers and thus it is costly to assign them to
smaller provincial rural schools where teachers must do without these
amenities and relocate during vacations to obtain employment that rewards

maximally their educated skills.

18Economies of scale in producing school services might be distinguished
at three levels: (1) with the size of the national educational system, (2)
with the size of the school measvred in terms of its number of full time
teachers, and (3) with the size of the teacher's span of control or
student—-teacher ratio. AThe importance of (1) in primary and secondary school

systems was assumed at the outset to be negligible. Tle number of primary
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schools is reported for some recent years in the UNESCO Yearﬁook. If the
system's average schooi size (i.e. log of teachers per school) is added to
equation (8), one might expect this added scale variable to diminish the
coefficient on urbanization, if larger urbam schools realized economies that
reduced unit costs. In a sample of 60 countries for which these data are
recently available, school size is associated with greater expenditures per
child due to higher teacher-student ratios and highericurrent outlays per
teacher. The coefficients on urbanization are not reduced in magnitude by the
addition of school size. Consolidation economies, however, could remain
important at the secondary level, but no data were found to test this

conjecture.

198tandardiz§d test comparisons do confirm that spending far less per
student in low income countries is associated with lower test scores.
(Feyneman and Loxley, 1983). V¥hat is now needed is estimates of the marginal
gains from additions to school quality and quantity that can be purchased with
marginal increments in educational expenditures, and what are the effects of

these alternative expenditures on the future productivity of students,

20The income elasticities are further apart for girls and boys in the low
income sample than for the entire sample, whereas price elasticities are
closer together for boys and girls in the low income sample at tke primary
level and further apart at the secondary level. The relatively large standard
errors on the estimated income elasticities of male enrollment reduce our 7

confidence that male and female enrollments respond differently, whereas the
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price elasticity estimates are sufficiently precise to infer that they differ

between sexes at a ten percent confidence level in the low income sample.

217t should ﬁe noted the religion variables are stromgly intercorrelated
with incomes, and thus income elasticity estimates are generally reduced by
the inclusion of the religion variables. It should also be stressed that
religious preference estimates are not precise in many populations, Here I

have relied on Russet et.al (1964) and The Encyclopedie Britannica, 15th, Ed.

(1983).

221211 (1969) summarizes a study that found a cross country relationship
in the share of government expenditures on education and per capita real GNF
in 1964. Within strata of low income countries the relationship was positive
up to 250 per capita (1964 US doilars). and then declined, The relationship
of educational expenditures as a share of GNP was apparently not statistically
signifiéant and not reported, though it was positive and significant for

public health expenditures.

23This finding directly challenges the working assumption of Coale and
Hoover (1958) that linked population growth to the share of income allocated
by poor countries to ‘unproductive’ expenditures on education and social

welfare programs,

24The countries included were: Burundi, Kenya, Mauritius, Rwandas,
Somalia, Uganda, Tanzania, Cgmeroon, Algeria, Morocco, Sudan, Tunisia, Ghanasa,

Liberia, Togo, Sierra Leomne, JYamaica, Costa Rica, El Salvador, Guatemala,
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Honduras, Mexico, Nicaragua, Panama, Argentina, Bolivia, Colombia, Fcuador,
Paraguay, Peru, Veneznela, Hong Kong, South Korea, Singapore, Thailand,
Afghanistan, Iran, Nepal, Pakistan, Iraq, Kuwait, Syria, Finland, Ireland,

Italy, Portugal, Yugoslavia, and France.

253tandard error—component models of time series of cross sections cannot

be estimated here, because the number of observations per country varies.
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DATA APPENDIX

Data were initially compiled at five year intervals from 1955 to 1980 for
155 countries with an esfimated population of one million or more in 1983, Ten
of these countries were eliminated for lack of numerous data series. Eleven
non-market economies of Eastern Europe were also not examined, in part because
they did not have convertible currencies and thus a free exchange rate with
which to express their national income or educatiomal expenditures (where
available) in common currency units (1970 U.S. Dollars). Yugoslavia is
inqluded. Since the basis for many demographic indicators such as age
composition and literacy ere population censuses which occur approximately
every ten years, data were linearly interpolated for up to ten years and
extrapolated for up to five years, Out of a possible 930 observations for all
countries and years, complete data were obtaimed for only about 328
observations for primary schooling systems (see Table A-1) and about 264
observations for secondary school systems and 255 observptéons for combined
systems including primary, secondary and higher. Many countries have anomalous
gaps in their published data that might be eliminated with further research,
such as the omission of Taiwan because of the proscription of date from this
country in recent U.N, deta compilations and the ebsence of GNP figures for the

U.S. and U.K. in The World Bank data file.

* Mozambique, Lesotho, Nambia, Guinea—Bissau, China, Mongolia, North Korea,
Kampuchea, Laos and Viet Nam. The omission of particular series for the U.S. and
Taiwan will be corrected in future work, and aggregations of early dats for portions
of Malaysia were compiled. Several countries were eliminated because of instability
in its domestic GNP deflator over time, such as Chile and Argentina, although it
should be possible to include these countries in the future.
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More serious than these idiosyncratic gaps in the sample, which probably do
not distort substantially the patterns I wish to describe, are the poor quality
anéd incomparability of some of the reported data. Biases are obviously present
in most school systems that work to overstate enrollments or et a minimum
.contribute to a variable gap between enrollment and attendance rates, But
attendance rates afe not available from most cou;tries, precluding reasonable
adjustment;. Enrollment is associated with changing numbers of days attendance
over time and across countries., Expenditure data is probably still less
reliable, with changes in administrative regimes leading to some unlikely
year—to—year variations., Series for only recurrent or current educational
expenditures appear more stable and reliable compared with capital account
expenditures that embody year to year variations that are not readily explained
by tbhe economic and demographic comstraints emphasized here,

Total educational expenditures are often divided among primary, secondary
(academic, vocatioral and normal schools combined) and higher educational
institutions. Those expenditures not allocated among these three levels, such
as central administrative expenses, &are proportionately distributed to the
thre§ levels according to their relative shares in the total. Current and
capital expenditure shares of this total are also assumed constant at the three
levels, for lack of cross—tabulations of capital expenditures. The
copsolidation of educational expenditures at various levels of government may
introduce further error, for in federal govermmental structures, state and
local expenditures on schools may not always be reported uniformly to the
central government and bhence not consistently included as intended in UNESCO
figuvres across countries. The role of the private sector in providing
educational services may also be an important factor in determining the amount

%
.and quality of public sector support for education and vice versa. Figures on
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the numbers of teachers by level ere also available for many countries, but the
treatment of part- and full-time teachers may not be comsistent across
countries (Pryor, 1968) nor how many days per year they are required to teach.
With all these misgivimngs, it is not possible in this background peper to more
than summarize existing data as reported by governments on their educational
systems and published in the UNESCO Statistical Yearbooks. The wide range and
variety of UNESCO date appear, nonetheless, to warrant more comparative study
than they have received.

The second major source of data is the World Bank Data Tape (version dated
April 1984)., From this source, I extract data on GNP, both in current market,
constant local prices, the implicit GNP deflator (price index), and the foreign
exchange rate into U.S. dollars (official IMF figure). Real GNP in constant
U.S. dollars is then defined as the constant local price GNP converted at the
average exchange rate prevailing in 1969, 1970, and 1971, The GNP deflator and
exchange rate are also used to derive estimates of the U.S, dollar equivalent
of government‘edncational expenditures{ bTb approximate the ‘price’ of public
sector educational services, I have divided the current educational
expenditures per teacher by the current value of GNP per adult age 15 to 64,
This relative 'price’ of teachers is defined for the primary and seéondary
public school systems separately, and averaged for the total system. UNESCO
figures for eduncational expenditures are not always expressed in the same local
currency units employed in the national income accounts ieporfed by The World
Bank. In some countries with substantial inflation and foreign exchange
revaluvations, such as Chile end Argentira, comparable expenditure and national
income figures were not reconstructed, and these observations sre omitted from
this analysis.,

Population figures are drawn from the UN Demographic Indicators of
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Countries: Estimates and Projections as Assessed in 1980, and are linearly

interpolated across decades as required or across ages to obtain the population
-of children age 6 to 11 for primary school, 12 to 17 for secondary school and
20 to 24 for higler education, These age groupings of potential students might
differ from conntry to country given local schooling systems, but are
Qtandardized here to match wigh the average definition of UNESCO enrollment
ratios. Since children outside of a specific school age group may enroll in
such schools, ?hese ratios may exceed 100 percent., Enrollment ratios may also
exceed 100 percent due to the upward reporting bias referred to earlier. To
summarize school enrollments at all levels, a synthetic measure of céhort
expected years of exposure to schooling is calculated. It is defined, as
stated in the text, as the weighted sum of primary, secondary and higher school
enrollment rates, where the weights are 6, 3 and 5. The proportion of the
popuiation living in urban areas is drawn from the World Bank Data Tape.
Educational attainment of the parents of school-age children is not readily
available from standardized sources, Adult literacy rates are often published,
but can be of doubtful reliability and are rarely disaggregated by age or sex,
The adult literacy rates considered here are interpolated from the 1983 World

Development Report, and augmented from early-UN Demographic Yearbooks.




Appendix 7'Is)a‘r,« le A-1
Countries Included in Samples, by Region,
School Level and Time Period¥

Country
Continent Code Name Number of Observations
Primary Secondary Total
(a) () (a) ) (a) ()
(105) (62) (90) (49) (84) (45)
AFRICA 1 Burundi 5 3 5 3 5 3
3 Ethiopia 3 2 2 1 2 0
4 Kenya 4 2 4 2 4 2
5 Madagascar 4 2 3 1 3 1
6 Malawi 4 3 3 2 2 2
7 Mauritius 5 3 4 2 4 2
10 Rwanda 4 3 4 3 4 3
11 Somalia 4 2 4 2 4 2
12 Uganda 5 3 4 2 4 2
13 Tanzania - 5 3 4 2 3 2
14 Zambia 3 2 2 1 2 1
15 Zimbabwe 2 2 3 3 2 1
17 Ctrl. Af. Rep 2 0 2 0 1 0
18 Chad 1 0 1 0 0 0
19 Congo Rep. 4 2 4 2 4 2
22 Cameroon 3 2 3 2 3 2
24 Algeria 5 3 3 2 4 2
27 Morocco 5 3 5 3 5 3
28 Sudan 5 3 5 3 5 2
29 Tunisia 4 2 4 2 4 2
38 Ghana 4 2 4 2 4 2
41 Ivory Coast 4 2 2 1 2 1
42 Liberia 4 3 3 2 3 2
43 Mali 2 2 1 1 1 1
44 Mauritania 2 1 1 0 0 0
45 Niger 1 0 1 0 0 0
46 Nigeria 2 1 2 1 2 1
47 ~ Senegal 2 2 1 1 1 1
48 Togo 4 3 3 2 3 2
49 . Sierra Leone 3 1 3 1 3 1
CENTRAL AND
SOUTH AMERICA (76) (43) (67) (35) (66) (32)
53 Dominican Rep. 3 2 1 1 1 1
55 Haiti 1 1 0 0 0 0
56 Jamaica 4 2 4 2 4 2
59 Trinidad/Tobago 3 2 2 1 2 1
62 Costa Rica 5 3 5 3 5 2
63 E1l Salvador 5 3 5 3 5 3
64 Guatemala 5 3 4 2 4 2
65 Honduras 4 2 3 1 3 1
66 Mexico 5 3 4 2 4 2
67 Nicaragua 5 3 4 2 4 2
68 Panama 5 3 5 3 5 3
69 >~  Argentina 4 2 4 2 4 2
72 Bolivia 4 3 3 2 3 2
73 Brazil 4 2 3 1 3 1



E

(Appendix Table A-1 cont'd)

80
Country
Continent Code Name Number of Observations
Primary Secondary Total
(a) (b) (a) (b) (a) (b):
74 Colombia 5 3 5 3 5 2
75 Ecuador 3 1 3 1 3 1
77 Paraguay 3 1 4 2 3 1
78 Peru 4 2 4 2 4 2
80 Venezuela 4 2 4 2 4 2
ASTIA (71) (45) (60) (34) (59) (34)
82 Japan 2 2 2 2 2 2
83 Hong Kong 5 3 5 3 5 3
86 S. Korea 5 3 4 2 4 2
88 Burma 3 1 3 1 3 1
.93 Malaysia 3 3 2 2 2 2
94 Philippines 3 3 3 3 3 3
95 Singapore 5 3 5 3 5 3
96 Thailand 5 3 4 2 4 2
98 Afghanistan 4 2 4 2 4 2
99 Bangladesh 3 3 2 2 2 2
101 India 4 2 3 1 3 1
102 Iran 3 2 4 2 3 2
103 Nepal 5 3 4 2 4 2
104 Pakistan 4 2 4 2 4 2
105 Sri Lanka 3 2 0 0 0 0
108 Iraq 4 2 4 2 4 2
110 Kuwait 0 ] 0 0 0 0
i1l Lebanon 0 0 0 0 0 0
115 Syria 5 3 4 2 4 2
119 Israel 0 0 0 0 0 0
120 Turkey 5 3 3 1 3 1
OCEANIA (8) (4) (2) (0) (2 (0)
121 Australia 3 1 1 0 1 0
122 New Zealand 5 3 1 0 1 0
NORTH AMERICA 125 Canada 3 1 0 0 0 0
EUROPE (58) (31) (39) (21) (39) (21)
134 Denmark 4 2 4] 0 0 0
135 Finland 5 3 5 3 5 3
137 Ireland 5 3 5 3 5 3
138 Norway 4 2 3 1 3 1
139 Sweden 4 2 3 2 3 2
142 Greece 3 2 0 0 0 0
143 Italy 4 2 4 2 4 2
145 Portugal 4 2 4 2 4 2
146 Spain 4 2 3 1 3 1
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Country .
Continent Code Name Number of Observations
Primary Secondary Total
(a) @) (a) @) (@) ()
147 Yugoslavia 4 3 4 3 4 3
148 Austria 3 2 2 1 2 1
149 Belgium 4 2 2 1 2 1
150 France 4 2 4 2 4 2
151 W. Germany 1 0 0 0 0 0
153 Netherlands 4 2 0 0 0 0
154 Switzerland 1 0 0 0 0 0
TOTAL SAMPLE SIZE 321 186 258 139 250 132

%

(a) refers to entire sample that may not have included the ten year lagged value of
the instruments. This larger sample was the basis for omly exploratory OLS '
estimations and tends to include a substantial number of observations from the 1960s

for which the lagged instruments are not available.

(b) refers to the restricted sample for which the lagged instruments (secondary
school enrollment rates, GNP per adult and urbanization) are available. These
smaller samples are used for all of the OLS and IV estimates reported in this paper.
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Table A-2

Estimates of Primary School Expenditures and Components,
with the Price of Teachers Exogenous, Excluding Fertility®

8price treated as exogenous and estimated with ordinary least squares.

of t ratio reported in parentheses bemeath regression coefficients,

Dependent Variables Enrollment Ratio Teacher— Capital Teacher Total
in Logarithms Male Female Totel Student Intensity Salary Expenditure
Ratio Index per Child
‘ Age 6-11
(S/P) (S/P) (s/P) (T/S) (E/C) (c/T) (E/P)
Explanatory
- Variables: (1) (2) (3) (4) (5) 6) 7
GNP per Adult in .165 .384 .248 .158 -.0077 0.0 1.40
1970 (log) (4.10) (5.98) (5.33) (4.24) (.28) (32.7) (27.9)
Relative Price of -—,193 -.195 -.213 -.168 -.0369 1.0 582
Teachers (log)® (5.45) (3.44) (5.19) (5.10) (1.53) (13.2)
Proportion of .102 .0854 .0864 -.283 -.107 0.0 -.304
Population Urban (.62) (.32) (.45) (1.85) (.96) (1.48)
Proportion of Pop—- 1,93 3.60 2.28 -5.08 -.620 0.0 -3.43
ulation Age 6-11 (2.12) (2.47) (2.16) (6.00) (1.00) (3.01)
Intercept -1.39 -3.32 -2.07 -3.51 .411 0.0 -5.17
: (4.33) (6.46) (5.57) (11.7) (1.88) (12.9)
R2 .429 .493 .501 .535 024 1.0 .951
Sample Size
is 186
Dependent
Varisble
Mean (Standard -.126 -.365 -.229 -3.49 .192 7.39 3.87
Deviation) (.355) (.604) (.440) (.366) (.184) (1.10) (1.51)

Absolute value
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Table A-3

Estimates of Secondary School Expenditures and Components,
with the Price of Teachers Exogenous, Excluding Fertility®

Dependent Varisbles Enrollment Ratio Teacher— Capital Teacher Total
in Logarithms Male Female Total - Student Intensity Salary [Expenditure
Ratio Index per Child
Age 12-17
(s/P) (S/P) {s/p) (T/S) (E/C) (C/T) {E/P)

Explanatory '

Variables: (1) (2) (3) (4) (5) (6) (7N

GNP per Adult in .460 .877 .604 .0113 -.0198 0.0 1.60

1970 [ (log) (5.77) (9.93) (7.91) (.21) (.58) (28.7)

Relative Price of —.394 -.478 -.441 -.0750 -.0181 1.0 .466

Teachers (log)? (7.70) - (8.41) (8.99) (2,19) (.83) (13.0)

Proportion of -,0426 -.250 -.152 -.0953 -.0959 0.0 -.343

Population Urban (.14) (.72) (.51) (.46) (.72) (1.58)

Proportion of Pop- -2.04 3.65 -.268 -8.06 -1.73 0.0 -10.1

ulation Age 12-17 (.84) (1.36) (.12) (4.96) (1.67) (5.94)

Intercept -3.29 -6.98 -4.,50 -1.81 .623 0.0 -5.69
(4.68) (8.96) (6.69) (3.85) (2.08) (11.6)

R2 ~ .748 .846 .819 .242 .035 1.0 .955

Sample Size

is 139

Dependent

Variable

Mean (Standard ~1.33 -1.78 -1.49 -2.99 .192 8.42 4.14

Deviation) (.882) (1.25) (.999) (.341) (.193) (.903) (1.47)

8Price treated as exogenous and estimated with ordinary least squares. Absolute value

of t ratio reported in parentheses beneath regression coefficients.
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Table A4

Estimates of Total School System Expenditures and Components,
with the Price of Teachers Exogenous, Excluding Fertility®

Dependent Variables Enrollment Ratio Teacher— Capital Teacher Total
in Logarithms Male Female Total Student Intensity Salary Expenditure
Ratio Index per Child
Age 6-17
(S/P) (S/P) (S/P) (T/8S) (E/C) (¢/T) (E/P)
Explanatory '
Variables: (1) (2) (3) (4) (5) (6) &)
GNP per Adult in .283 .543 .355 .106 -.0177 .892 1.43
1970 (log) (5.46) (6.96) (6.52) (3.15) (.51) 23.8 (25.7)
Relative Price of -.279 -.308 -.295 -.0979 -.0451 1.19 .471
Teachers (log)? (5.58) (4.10) (5.62) (3.01) (1.34) (33.0) (8.79)
Proportion of -.0043 -.165 -.0564 -.180 -.132 -.131 -.283
Population Urban (.02) (.54) (.27 (1,36) (.97 .90 (1.30)
Proportion of Pop—  .326 1.17 -.0430 -2.66 -.696 .414 ~-3.54
ulation Age 6-17 (.48) (1.13) (.06) (5.95) (1.51) (.84) (4.81)
Intercept .458 -1.69 -.0182  -3,05 .619 .680 -4.93
(1.02) (2.50) (.04) (10.4) (2.05) (2.09) (10.2)
R? .648 .664 .701 .525 .037 .946 .955
Sample Size
is 132
Dependent
Variable
Mean (Standard 2.05 1.74 1.90 -3.31 .195 8.80 3.89
(.743) (.551) (.271) (.196) (.886) (1.45)

Deviation) (.483)

8price treated as exogenous and estimated with ordinary least squares.

of t ratio reported in parentheses beneath regression coefficients.

Absolute value
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Table A-5§

Estimates of Primary School Expenditures and Compoments,
with Price of Teachers Endogenous, Excluding Fertility®

Dependent Variables Enrollment Ratio Teacher- Capital Teacher Total
in Logarithms Male Female Total Student Intensity Salary Expenditure
Ratio Index per Child
Age 6-11
(S/P) (s/P) (S/P) (T/S) _(E/C) (c/T) (E/P)

Explanatory

Variables: (1) (2) (3) (4) (5) (6) (7

GNP per Adult in .211 .447 .304 .184 -.0054 .863 1.35

1970 (log) (4.09) (5.27) (4.86) (4.82) (.20) (35.0) (22.1)

Relative Price of -—.547 -.809 -.669 -.228 .0075 1.07 .181

Teachers (log)? (5.24) (4.73) (5.31) (2.96) (.13) (21.6) (1.48)

Proportion of -.266 -.533 -.382 -.363 -.0689 .199 -.615

Population Urban (1.15) (1.41) (1.37) (2.13) (.56) (1.81) (2.26)

Proportion of Pop—- 3.51 5.42 4.07 -3.92 -.415 -6.65 -6.92

ulation Age 6-11 (3.07) (2.89) (2.96) (4.65) (.68) (12.2) (5.15)

‘Intercept -1.50 -3.26 -2.15 -3.77 .313 1.78 -3.83
(3.74) (4.95) (4.44) (12.7) (1.46) (9.31) (8.10)

F 23.08 29.43 28.75 46.13 .50 1638, 571.

Sample Size

is 186

Dependent

Variable

Mean (Standard -.126 -.365 -.229 -3.49 .192 7.39 3.87

Deviation) (.355) (.604) (.440) (.366) (.184) (1.10) (1.51)

8Price treated as an endogenous and estimated with instruments of secondary enrollment

ratio, vrbanization, and GNP per adult, all lagged tem years,

t ratio reported in parentheses beneath regression coefficients,

Absolute value of asymptotic
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Table A-6

Estimates of Secondary School Expenditures and Components, with
Price of Teachers Endogenous, Excluding Fertility®

Dependent Variables _Enrollment Ratio Teacher— Capital Teacher Total
in Logarithms Male Female Total Student Intensity Salary Expenditure
Ratio Index per Child
Age 12-17

(S/P) (S/P) (S/P) (T/8) (E/C) (C/T) (E/P)

Explanatory

Varisbles: (1) (2) (3) (4) (5) (6) (7)

GNP per Adult in .303 . .667 .434 .107 -.0114 .946 1.48

1870 (log) (2.74) (5.02) (3.87) (1.61) (.32) (53.8) (21.4)

Relative Price of -.899 -1.14 -.989 .183 - .0026 1,01 .202

Teachers (log)® (7.56) (8.00) (8.20) = (2.55) (.07) (53.1) (2.73)

Proportion of -.778 -1.22 -.953 242 -.0704 .148 -.633

Population Urban (1.79) (2.32) (2.16) (.92) (.50) (2.14) (2.33)

Proportion of Pop— -2.00 3.44 -.163 -6.51 -1.54 -5.64 -13.9

vlation Age 12-17 (,63) (.90) (.05) (3.39) (1.49) (11.1) (6.96)

Intercept -1.02 -3.93 -2.05 -3.27 .493 1.03 -3.79
(.98) (3.14) (1.94) (5.21) (1.47) (6.23) (5.84)

F 62.33 96.37 83.59 8.28 1.04 1683. 482,

Sample Size

is 139

Dependent

Variable

Mean (Standard -1.33 -1.78 -1.49 ~-2.98 .192 8.42 4.14

Deviation) (.882) (1.25) (1.00) (.341) (.193) (.903) (1.47)

8price treated as an endogenous and estimated with instruments of secondary enrollment
ratio, urbanization, and GNP per adult, all lagged ten years. Absolute value of asymptotic
t ratio reported in parentheses beneath regression coefficients.
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Table A-7

Estimates of Total School System Expenditures and

Components with Price of Teachers Endogenous, Excluding Fertility®

Dependent Variables Enrollment Ratio Teacher— Capital Teacher Total
in Logarithms Male Female Total Student Intensity Salary Expenditure
Ratio Index per Child
: Age 6-17
(s/P) (s/P) (8/P) (T/8S) (E/C) {(c/T) (E/P)

Explanatory

Variables: (1) (2) (3) (4) (5) (6) (7

GNP per Adult .283 .529 .350 127 -.0086 .769 1.35

in 1970 (1og) (4.29) (5.31) (4.77) (3.60) (.25) (14.5) (21.6)

Relative Price of ~-,689 -.942 -.792 .0228 .0023 1.38 155

Teachers (log)? (5.73) (5.19) (5.92) (.35) (.04) (14.2) (1.36)

Proportion of -.471 -.863 -.613 -.0763 .0921 .279 -.514

Population Urban (1.67) (2.03) 1.964) (.51) (.62) (1.23) (1.93)

Proportion of Pop— 1.12 1.96 .768 -2.26 -.516 -3.69 -5.35

ulation Age 6-17  (1.33) (1.54) (.82) (5.00) (1.16) (5.45) (6.70)

Intercept .936 -.745 .633 -3.50 .432 2.26 -3.41
(1.60) (.84) (.97 (11.1) (1,40) (4.81) (6.14)

F 39.13 42.20 45.06 29.64 .75 188, 513.

Sample Size

is 132

Dependent

Variable

Mean (Standard 2.05 1.74 '1.90 -3.31 .195 8.08 3.89

Deviation) (.483) (.743) (.547) (.271) (.196) (.886) (1.45)

8Price treated as an endogenous and estimated with instruments of secondary enrollment
Absolute value of asymptotic
t ratio reported in parentheses beneath regression coefficients.

ratio, urbanization, and GNP per adult, all lagged tem years.
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Table A-8

Estimates of Primary School Expenditures and Components only in
Low Income Countries, with Price of Teachers Endogenous?

Dependent Variables Enrollment Ratio Teacher— Capital Teacher Total
in Logarithms Male Female Total Student Intensity Selary Expenditure
Ratio Index per Child
Age 6-11
(S/P) (S/P) (S/P) (T/8) (E/C) (C/T) (E/P)
Explanatory
Variables: (1) (2) (3) (4) (5) (6) (7
GNP per Adult in .195 .401 .270 .0936 -.026 1.067 1.40
1970 (log) (2.54) (3.44) (3.06) (1.81) (.62) (55.9) (15.5)
Relative Price of ~-.559 -.667 -.621 -.236 .0012 1.02 162
Teachers (log)? (4.73) (3.70) (4.56) (2.95) (.02) (34.5) (1.16)
Proportion of -.147 -.399 -.249 -.239 -.0575 -.211 -.756
Population Urban (.52) (.92) (.76) (1.23) (.37 (2.95) (2.23)
Proportion of Pop—- -.918 2.50 .266 -2.74 .475 -6.23 ~-8.23
ulation Age 6-11 (.37) (.65) (.09) (1.62) (.35) (9.97) (2.27)
Total Fertility .0524 -.0193 .024 -.0234 .0007 .0099 .0111
Rate (1.44) (.35) (.57) (.95) (.03) (1.10) (.26)
Intercept -1.02 -2.57 -1.56 -3.31 .286 .613 -3.97
(2.13) (3.53) (2.83) (10.3) (1.10) (5:14) (7.01)
F 16.25 21.29 20.49 10.46 .92 1527. 146.
Sample Size
is 148
Dependent
Variable
Mean (Standard -.167 ~.465 -.296 -3.599 .190 7.009 3.305
Deviation) (.387) (.639) (.470) (.289) (.198) (.823) (1.076)

8price treated as an endogenous and estimated with instruments of secondary enrollment

ratio, urbanization, and GNP per adult, all lagged ten years.
t ratio reported in parentheses beneath regression coefficients.

Absolute value of asymptotic
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Table A-9

Estimates of Secondary School Expenditures and Compoments omnly in
Low Income Countries, with Price of Teachers Endogenous?

Dependent Variables Enrollment Ratio Teacher— Capital Teacher Total
in Logarithms Male Female Total Student Intensity Salary Expenditure
Ratio Index per Child
: Age 12-17
(s/P) (S/P) (S/P) (1/8) (E/C) (c/T) (E/P)
Explanatory
Variables: (1) (2) (3) (4) (5) (6) (N
GNP per Adult in .206 .622 .348 .0534 ~.0083 1.14 1.53
1970 (log) (1.40) (3.76) (2.41) (.59) (.17 (53.3) (17.5)
Relative Price of -.858 -1.04 -.923 175 ~-,0103 1.02 .259
Teachers (log)? (6.25) (6.72) (6.86) (2.09) (.23) (51.2) (3.17)
Proportion of -.405 -1.14 -.674 .347 -.160 -.343 -.830
Population Urban (.73) - (1.83) (1.24) (1.03) (.89) (4.27) (2.52)
Proportion of Pop- -2.90 -.0433 -1.62 -4.50 -1.04 -7.31 -14.5
ulation Age 12-17 (.47) (.o1) (.27) (1.18) (.51) (8.11) (3.91)
Total Fértility .0153 -.0678 -.0162 -.0071 .0011 -.0232 -.0453
Rate _ (.26) (1.12) (.28) (.20) (.06) (2.71) (1.29)
Intercept -.620 -3.03 -1.47 -3.19 456 .385 -3.82
(.51) (-2.21) (1.23) (4.29) (1.15) (2.19) (5.27)
F 30.56 57.64 44.87 1.85 .99 1030. 150.
Sample Size
is 116
Dependent
Variable
Mean (Standard ~1.540 ~-2.076 -1,738 -3.046 .188 8.265 3.670
Deviation (.809) (1.156) (.911) (.323) (.201) (.867) (1.046)

Bprice treated as an endogenous and estimated with instruments of secondary enrollment
ratio, urbanization, and GNP per adult, all lagged ten years. Absolute value of asymptotic
‘'t ratio reported in parentheses beneath regression coefficients,
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Table A-10

Estimates of Total School System Expenditures and Components only in
Low Income Countries, with Price of Teachers Endogenous?®

Dependent Variables Enrollment Ratio Teacher— Capital Teacher Total
in Logarithms Male Female Total Student Intensity Salary Expenditure
Ratio Index per Child
Age 6-17
(S/P) (S/P) (S/P) {T/S) (E/C) (c/T) (E/P)
Explanatory
Varisbles: (1) (2) (3) 4) (5) (6) &))
GNP per Adult in .194 454 .251 .091 -.0067 1.08 1.41
1970 (log) (1.96) (3.21) (2.36) (1.70) (.13) (15.1) (15.0)
Relative Price of ~—.686 -.824 -.746 .0059 -.0160 1.39 .181
Teachers (log)? (5.12) (4.31) (5.20) (.08) (.22) (14.3) (1.43)
Proportion of -.152 -.709 -.300 ;0120 -.167 .591 -.735
Population Urban (.42) (1.39) (.78) (.06) (.87) (2.29) (2.18)
Proportion of Pop— -.198 .493 -.428 -1.84 -.389 -3.35 -5.39
ulation Age 6-17 (.11) (.19) (.22) (1.88) (.40) (2.56) (3.16)
Total Fertility .0396 -.0321 .0162 -.0010 .0030 -.0382 -.0190
Rate (.93) (.53) (.36) (.04) (.13) (1.25) (.48)
Intexcept 1.51 .124 1.32 -3.40 .414 .780 -3.56
(2.15) (.12) (1.76) (8.97) (1.11) (1.54) (5.38)
F 22.31 26.42 25.86 3.55 .88 88.28 149,
Sample Size
is 109
Dependent
Variable
Mean (Standard 1.954 1.591 1.777 ~-3.385 ,192 7.866 3.417
Deviation (.481) (.734) (.531) (.219) (.206) (.770) (1.067)

8price treated as an endogenous and estimated with instruments of secondary enrollment

ratio, urbanization, and GNP per adult, all lagged ten years.

t ratio reported in parentheses beneath regression coefficients,

Absolute value of asymptotic
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Table A-11

Unweighted Average of Percentages of Students Enrolled
in Private Schools, by Level and Region, in 1965 and 1975

Region Primary Schools Secondary Schools
(Number of (Number of
Countries) 1965 1975 Countries) 1965 - 1975
East Africa (8)8 23 12 (8)® 33 23
¥est Africa (11) 29 19 (9) 42 30
Latin America (18)¢ 13 12 (17)¢ 39 30
Asia (East) (5.) 14 13 , (4) 42 29
N. Africa and
Middle East (9) 7.4 6.2 (10) 18 8.2
Total (51) 17 13 (48) 34 24

2 Excluding high levels in Lesotho, Swaziland and Burundi as small
unrepresentative countries.

b Excluding high levels in Lesotho and Swaziland as unrepresentative,

¢ Excluding high levels in Haiti as a small unrepresentative country, where
private shares have actually increased.

Source: Annex 16, Education Sector Policy Paper, World Bank, Washington, D.C.,
April 1980,



