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The Living Standards Measurement Study

The Living Standards Measurement Study (LsMs) was established by the
World Bank in 1980 to explore ways of improving the type and quality of house-
hold data collected by statistical offices in developing countries. Its goal is to foster
increased use of household data as a basis for policy decisionmaking. Specifically,
the LsMS is working to develop new methods to monitor progress in raising levels
of living, to identify the consequences for households of past and proposed gov-
ernment policies, and to improve communications between survey statisticians, an-
alysts, and policymakers.

The LsMs Working Paper series was started to disseminate intermediate prod-
ucts from the LsMs. Publications in the series include critical surveys covering dif-
ferent aspects of the LsMs data collection program and reports on improved
methodologies for using Living Standards Survey (Lss) data. More recent publica-
tions recommend specific survey, questionnaire, and data processing designs, and
demonstrate the breadth of policy analysis that can be carried out using Lss data.
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ABSTRACT

Investments in schooling are often regarded as essential for econouic
development, which implies that such investments have high rates of return in
deveioping countries. This paper examines the accuracy and usefulness of
estimates of rates of return to formal schooling based on the standard human
capital model of Becker and Mincer. Regarding accuracy, it investigates
whether failure to account for differences in ability and school quality
across a random sample significantly biases estimates of the private return to
schooling derived from estimates of wage equations. This is done using &n
unusually rich data set from Ghara. When years of schooling are used to
measure the accumulation of human capital, there are virtually no returns to
schooling in the private sector Keplacement of years of schooling by reading
and mathematical ability does show positive returns to acquired skills.
However, these rates of return may be of little use to governments when making
schooling investment decisions because such decisions are much more complex
than the investment decisions of individuals. In particular, many government
investments in education are designed to raise rates of return to schooling by
raising school quality, but decisions by individuals assume that both rates of

return and school quality are exogenous.
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I. INTRODUCTION

Education is a key factor in economic development. At the aggregate
level, Lau, Jamison and Louat (1990) estimate that a one year increase in the
averaze education level of the adult population can lead to increases of 3-5%
in real GCDP in East Asia and Latin America. From an individual point of view,
investments in education could well be more profitable than other types of
investments. Education is also promoted as a means of reducing inequality, of
making other investments more productive, and as an avenue for social and
political development (Haveman and Wolfe 1984). Yet recent concern about the
quality of education in developing countries, particularly in Africa (Horld
Bank, 1988), complicates the issue. In fact, a poor quality education could
well be a poor investment.l/

Investments in education, like all investments, are largely evaluated
in terms of their rates of return. Human capital theory provides a general
methodology for estimating the rates of return to investments in education
(Becker, 1975; Mincer, 1974). Application of this methodology to developing
countries has produced apparent high rates of return which have been put forth
as evidence of the need for giving priority to investments in education,
particularly primary education, in developing countries (Psacharopoulos, 19853
World Bank, 1986).

This paper critically examines the extent to which rates of return to
investments in education can be estimated using this methcdology, with

particular attention to the case where the quality of education may be

1/ Lau, Jamison and Louat found no relationship between adult education and
real GDP in sub-Saharan Africa, which reinforces concern about the quality
of education in Africa.

11
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uneven. An unusually rich data set from Ghana, which includes tests of
ability and cognitive skills administered to survey respondants, allows one to
distinguish between the returns to years of schooling and the returns to human
capital as measured by cognitive skills. It turns out that calculating rates
of return to schooling investments is more complex than many applications of
human capital theory seem to assume. Further, recommendations regarding which
types of educational investments governments should undertake based on this
methodology are inappropriate and potentially misleading.

The plan of the paper is as follows. Section II reviews the standard
human capital theory underlying estimates of rates of return to investments in
education, with particular attention to the impact of variation in ability,
variation in skills attained and variation in school quality. Section III
presents an econometric model to estimate private rates of return. Section IV
uses household data from Ghana to demonstratc aow ''straightforward"
application of human capital theory may lead to misleading results regarding
the private returns to education. Section V examines specific hypotheses
regarding the returns to investments in education in labor markets in Ghana.
Section VI returns to the question of whether it is useful to estimate rates
of return to education based on the standard human capital model, and Section

VII concludes the paper.

P
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IZ. RATES OF RETURN TO SCHOOLING INVESTMENTS: THE HUMAN CAPITAL MODEL AMONG OTHERS

The Human Capital Model. How can one estimate t 2 returns to investments

in schooling? If one assumes that wage earners are paid their marginal
product and that this marginal product rises as more human capital is

accumulated, one might estimate private rates of return to additional years of

schooling from wage data among persons who have different levels of
educat1on. 2/ The usual procedure is to assume that the logarithm of wages
received by an individual i (w;) is a function of the years of schooling (S;)

and years of experience (E;) of that individual:

ln(wi) = f(si’Ei’ui) (1)

e

a, + °1Si + ain + aSE: + u,
where the second line is a polynomialL expansion of f that follows the common
practice of dropping certain higher order terms and u; represents other
factors which affect wages but are assumed to be uncorrelated with schooling
and experience.

One can then interpret a, as the private rate of return to schooling
by appealing to the pioneering work on human capital by Becker (1975) and
Mincer (1974). Their arguments for interpreting a, as the private rate of

return to schooling are for the most part simply arguments for the functional

£’ Social rates of return, which adjust private rates by including costs of
school1ng borne by the government, will be discussed in section VI. That
section will also discuss whether returns to additional years of schooling
are appropriate tools for government investment decisions.

ot
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form given in (1).2/ If one accepts that functional form (including the
assumption on “i) for any reason, empirical or theoretical, all one needs to
assume further is that the cost of additional schooling is simply forgone
wages, and then straightforward differentiation (or simple algebra) will

yield @, as the private rate of return to schooling. Specifically, the annual
private rate of return is the annual increase in income (ws - ws-l) divided by

the cost of the investment (w__;):

2
w eao+als+ain+ aBEi+ u.

8 s-1 _ 8 -1 = 1 ~1=e%-1s a (2)

w 2
s~1 s~-1 o+ al(s 1) + a Ei +u,

e 0 Ei ta

2 3

Innate Ability and School Quality. Estimating a, in (1) can be

complicated by two potentially important factors: differences inn ability

among individuals and differences in school quality, both among individuals

and across time.ﬁ/ To see this, modify model (1) to explicitly recognize that
it is human capital, not years of school attendance, which makes workers more
productive and thus leads to higher wages:

B2 + 8
i

ln(wi) = g(Hi’Ei Ai’ui) =8 + 8

ot B 8

E. + 8 A, + u, (3)
1 1 1

2 3 4

where H, is human capital accumulated by individual i, ug is a random error
term, and most higher order terms are omitted for expositional convenience.

Differerces in ability that may contribute directly (i.e. in addition to any

=’ For details see Appendix I.

4/ See Griliches (1977) for a discussion of the impact of ability on
estimates of rates of return and Behrman and Birdsall (1983) on school
quality.

14
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indirect impact via human capital H) to increasing wages are captured in the
ability variable Ai°’

To see the effect of school quality on attempts to estimate the
private returns to schooling using (1), it is useful to specify the process by
which human capital is acquired. Assume that years of schooling, the quality
of that schooling (Q), ability and family background characteristics (B) are

the main factors which determine the acquisition of human capital:

Hi = h(si’Qi’Ai’Bi’vi) = Yy ¢t Y;Si + YzQi + Y3Ai + YhBi + Vi (4)

where quadratic and interaction terms are omitted for ease of exposition and
v; accounts for unmeasured factors which are not correlated with the other
variables. If aln(wi)/as.1 can be interpreted as the private rate of return to

schooling, then in the 2-equation system of (3) and (4) it is given by:
aw, /3H; x 3H, /38, = B,Y, (5)
When does a, in equation (1) equal B,v,? Substitute (4) into (3):
2
ln(wi) =B, + B,(vy * Y,8;+ YoQ;+ Y3A;+ v,B.+ vi) + B,E + B3E;+ B,A; ¢+ ui(6)
2
= (Bo* ByYg) *+ B, S, + B,Y,Q;* (Byy; + B, A+ B Y,B + ByE, ¢ B,E;+(B v, * u;)

The reduced form estimate in equation (6) is essentially (1) with additional
variables for ability, school quality and family background. 1f any of the
coefficients of these variables are non-zero and that variable is correlated

with years of schooling (or experience), then estimates of (1) by OLS will

15
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suffer from omitted variable bias. It is likely that these variables are
positively correlated with years of schooling, so that cmitting them will tend
to overestimate B,y, and thus overestimate the private returns to education.
Note that the impact of ability works in two ways: even if it has no direct
effect on wages (i.e. 64=0) it may have an indirect effect by raising the
amount of human capital attained for a given number of years (via 73) of
schooling, which would still lead to omitted variable bias.

Other Schooling Models. The discussion so far assumes that the human

capital model is the correct interPretation of positive correlation between
schooling and wages. If wage empluyees were not paid their marginal products,
or if schooling did not increase their marginal products, a private rate of
return to schooling could be calculated but it would not represent the returns
to investments in human capital. Two other models which purport to explain
correlation between schooling and wages are the credentialist model (Spence,
1976) and the screening model (Arrow, 1973).

The former argues that workers may be paid on the basis of years of
school attai.ed or diploma held regardless of whether or not they are more
productive workers. Of course, firms in the private sector which operate in
this way are likely to have lower profits than firms which pay according to
actual productivity of workers, and thus would tend to go out of business.
However, government employers could conceivably pay workers according to a
credentialist wage structure since they do not need tc¢ be profitable to
survive. If credentialism exists in either sector one should find that years
of schooling or diplomas obtained have a positive impact on wages even after
one controls for human capital and ability. Thus if one adds years of
schooling and dummy variables for diplomas obtained to equation (3) one would

get a significantly positive coefficient (cf. Boissiere, et al, 1985).

16
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The screening model argues that education does not necessarily impart
productive skills to workers, but instead provides information by ranking
workers according to their innate ability, which is the true productive asset
which workers have. Employers can then judge the innate productivity of
potential workers by observing their years of schooling, and although they
will be paid according to their innate ability it may appear that human
capital, as measured by schooling, is being rewarded. The best way to test
this hypothesis is to examine the coefficients on ability and human capital in
equation (3); if that on ability is significantly positive the screening model

5/

has some suppport, but otherwise its validity would be in doubt.=

2/ Entering an ability variable in equation (1) would be misleading because a

positive effect of ability on wages may arise via the positive impact it
has on human capital independent of schooling level [y, in equation (4))
and consequently [Bly in equation (6)) even if there es no direct effect
of ability on wages (?.e. By, in equations (3) and (6) equals zero.

Fod
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III. ESTIMATION

This section presents appropriate econometric methods for estimating
equations (1) and (3) of Section II. The results will be presented in Section
IV. In most developing countries many adults do not work in the wage
sector. Thus estimates using ordinary least squares (OLS) may suffer from
selectivity bias. Further, one would like separate estimates of returns to
schooling for private wage earners and government wage earners, since perhaps
only the former has a wage structure which reflects the impact of education on
worker productivity, which is what government investment decisions must be
based on. This suggests a model with three possible activities: wage
employment in the private sector, wage employment in the government sector,
and a residual category which includes self-employment and no employment. One
observes wages for the first and second categories, but not the third.

It is convenient to model these labor market outcomes as the result
of two binary events. The first divides individuals into those who work in
the wage labor market and those who do not. For those in the former category,
a second split is observed, separating those who work in the private sector

from those in the public sector. This model can be expressed as follows:

ln(wg) = xgeg + u government wage (7)
ln(wp) = Xpo + u private wage (8)
%« ’

I, =2 +v govt. vs. private wage work (9)
* [ [

12 = 22a2 + e wage work vs. other activity (10)

18
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where Z, and Z, are vectors of exogenous variables (which may contain some or
all of the variables in X, and Xz), and I: and I; are unobserved variables
which correspond to observable indicator variables (I1 and 12) which take the
value of 1 if the respective unobserved values are greater than or equal to

zero and take the value of O if they are negative. I, (wage employment vs.

other activity) is observed for the entire population, but Il (government vs.

private wage work) is only observed if I; 2 0. Finally, Wy is only observed
* : % *
if I, 2 0 and 1; > 0 while w, is only observed if I, 2 0 and I} < 0.

The covariance matrix of this model can be written as:

2

u c- o o g
g 24 gp 8gv ge
up a 02 LI (11)
cov gp P PV pe
v = o o 1 o
gv pv ve
e 6 o o
ge pe ve

The parameter ogp usually cannot be estimated because one rarely observes both
wages for any individual. All other covariance parameters can be estimated.
As long as all the variables in the vectors Zl and Z2 are exogenous,

both ) and a,. are identified. In practice it is advisable to include

2
variables in Zl which are not found in either X, or x2 to assure
identification of 8 and 8 . ﬁl Either a two~step procedure (cf. Poirier,

1980, and Fischer, Trost and Lurie, 1981) or a full maximum likelihood method
can be ewployed. Both assume that the error terms in (11) are multivariate
normal. The likelihood function used with the latter method is given in

Appendix II.

S/ gee Lee (1979) for issues of identification in a model which incorporates
equations (7) - (9). Note that in the present paper no attempt is made to
identify the structural probit in (9), i.e. the wage rates are not
included as explanatory variables.

13
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IV. PRIVATE RA13S OF RETUBRN TO SCHOOLING IN GHANA

Section II cast some doubts on the estimates of the private returns
to schooling based on equation (l1). Although these and other caveats are
well-known, many economists agree with Willis (1986, p. 590) that '"the simple
Mincer-type earnings function does a surprisingly good job of estimating the
returns to education." This section uses an unusually rich data set from
Ghana to systematically examine whether calculating private rates of return to
schooling based on (3) and (4) give substantially different results than those
based on (1). The data are from the second year of the Ghana Living Standards
Survey (GLSS), which covered 3200 households from all regions of Ghana from
October, 1988 to August, 1989. The GLSS data contain detailed information on
many aspects of household conditions and activities in Ghana (cf. Glewwe and
Twum-Baah, 1990). In this paper the GLSS data have been supplemented with
three tests administered to household respondants between the ages of 9 and
55, inclusive. These data were collected for a subsample of 1586 households,
thus comprising one half of the total sample of the second year of the GLSS.

The three tests covered abstract reasoning (Raven's Coloured
Progressive Matrices), mathematics, and reading comprehension (in English).
The last two were only administered to those persons who had completed at
least three years of education and had passed simple screening tests (8
questions each) designed to prevent individuals with very low cognitive skills
from taking the longer tests. Persons who failed the screening test or had
less than 3 years of education were given a score of zero for the respective

7/

long test.~

1/ Some individuals who had less than 3 years of school but claimed to be
able to read and/or write were given the reading and mathematics tests.

20
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Conventional Estimates. To begin, several estimates of the earnings

function given in equation (1) were computed.gl The variables are defined in
Table 1 and the estimates are given in Table 2. Of all persons in the sample
between 15 and 55 years, only 16% are wage workers. About 61% of these work
for the government and the rest work in the private sector.

Beginning with the first column in Table 2, simple OLS estimates for
all wage earners together yield fairly standard results. The private rate of
return to education is 8-9% and the experience variables have the expected
signs, although the statistical significance of the experience squared term is
very weak (t-stat=-0.12). The rate of 8-9% is slightly below Psacharapolous’
(1985, Table 3) generai finding of 13% for Africa. Other things being equal,
government jobs appear to pay more than those in the private sector, which 1is
shown by the significantly positive dummy variable in column 2 of Table 2.2/
Finally, in the third column of Table 2 a two-step estimator (cf. Heckman,
1979) controls for sample selectivity among wage earners as a whole. Note

that private returns to schooling decline to less than 5% once selectivity is

corrected, and it also appears that experience has no significant effect on

8/ In addition to the variables in (1), dummy variables are added for female
wage earners and for residents of different geographic regions of Ghana
(the omitted variable is the capital city, Accra). Removing female wage
earners (25% of the sample) did not change the results noticeably - they
were retained to maintain a larger sample size.

2/ In Chana most government workers and some private sector employees receive
compensation in the form of free goods and services, such as food,
tcansportation and housing. The wage variable used here includes the
monetary value of these goods and services.
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TABLE 1: Variable Definitions and Means in Wage Equations

Ourable Mean S$td, Dev, Definition
Wage 437,34 86,39 Hour |y wage for main job during past 12

months, including value of payments in kind,

Years Schooiing 9.59 5.08 Number of years of compieted schooiing.
Experience 18,33 11,05 Age - Years Schooling - 6,

Experlencez 457,75 509,52 Square of Experience,

Female 0,25 0,43 One for female, zero for maie,

Government 0,61 0,49 One if government empioyee, zero otherwise,

Coast 0,27 0.44 One if resident of coastai area, zero, otherwise,
Forest 0,42 0,49 One if reslident of forest area, zero otherwise,
Savannah 0,10 0,30 One if resident of Savannah, zero otherwise,

Note: Means and standard deviations are only for those individuals who are wage
workers,

earnings. Further, women and residents of the forest or coastal areas seem to

receive higher wages.lg/

10/ These results are in most cases similar tuv those of Beaudry and Sowa
(1989), who used the £irst year GLSS data. However, their paper suffers
from several problems: 1. No attempt is made to control for sample
selectivity; 2, Public and private sector workers are aggregated without
testing for structural differences in wage determinants across these 2
sectors; and 3, They appear to include a large number of self-employed in
their sample without realizing it.

O
: 0
ERIC 22
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TABLE 2: Earnings and Schooling in Ghana: Government and Private Wage Estimates

All Wage tarners Government Private
Viriables OLS! 0LS2 2-step oLs Full ML oLs Full ML
Constant 2,9323 3,0187 3,7076 3,1606 4,2375 3.,2720 3,9°32
(14,82) (15,05) (7,78) (13,90) (12,81) (7.,38) (7.35)
Years Schooling 0,0851 0,0752 0,0483 0,0737 0,0380 0,0712 =-0,0043
(9,04) (7.24) (2,44) (7,11) (2486) (3,24) (-0,14)
Experience 0,0216 0,017 -0,0010 0.0216 0,0035 -0,0028 -0,0307
(1,70) (1.33) (-0,06) (1,65) (0,21) (-0,10) (-0,85)
Experience? -0,0000 -0,0000 -0,0002  -0,0002 =0,0001 0.0005 0,0003
(-0,12) (-0,12) (-0,74) (-0,61) (-0,36) (0,78) (0,36)
Female 0,1401 0,1098 0,2633 0,1928 00,0792 -0,0683 -0,2793
(1,49) (1.16) (1,97) (2.12) (0.,77) (=0,33) (=1.21)
Governmgnt - 0,2105 0,2066 - - - -

(2,23) (2.22)

Coast 0,2365 0,2135 0,2338 0,1893 0,1142 0.,2213 0,0193
(1.96) (1,77) (2,22) (1,56) (0.,72) (0.90) (0,06)
Forest 0,23%22 0,2083 0,3405 0.2877 0,2022 0.0651 -0,2423
(2,19) {1,90) (2.49) (2,64) (1.41) (0,29) (-0.86)
Savannah 0,1285 0,0524 0,1977 0,1500 -0,1258 -0,1398 -0,7020
(0.83) (0433) (1,09) (1,08) (~0.79) (-0,36) (=1,22)
Lambda - - -0,3171 - - - -
(~1459)
ouv - - - - -0,5102 - -0,9514
(‘6.04) ('4.0.’)
R2 0,1860 0.,1965 0,2014 00,2342 - 0.,0904 -
Log Like!ihood - - - -2396,97 -2396,97
Sample Size 389 389 389 237 237 152 152

Note: 1, *-gtatistics are In parentheses,
2, Variables included In the probit regressions (columns 3,5 and 7) but
exciuded In the wage regressions are marital status, family size, the
three test scores, and a dummy variabie which takes vaiue of one I
one's ps nt worked In 8 white collar job,

23




- 14 -

However, the assumption that wage determinants are identical in

public and private wage employment in Ghana is doubtful.ll/ Further,
estimates of returns to education should be done only for the private sector,
since government pay scales may reward the educational attainment of workers
in a manner only weakly related to their productivity (Psacharopoulos,
1986). The remaining columns of Table 2 estimate equation (l) separately for
public and private sector employees. Turning first to the OLS estimates, the
return to education is about 7% in both the public and private sectors. It is
curious that experience in the public sector has a rather typical age-earnings
profile, though with weak significance, while there is virtually no
relationship between experience and wages in the private sector. It is also
of interest that women who work in the public sector appear to have higher
wages than otherwise identical males, but not so in the private sector
Vijverberg and van der Gaag (1988) found a similar result in Cote d'Ivoire.

Maximum likelihood estimation of the full model (7)-(10) cannot

= 0.13/ Estimates of the full

g =a

reject the hypothesis that o
ge pe ve

model are given in Appendix A. When maximum likelihood estimation of the
simpler model (7)-(9) is used in both public and private sector regressions
(columns 5 and 7, respectively), the returns to education drop to about 4% in

the government and in the private sector they appear slightly negative, though

1/ The likelihood ratio test statistic for the hypothesis that the years
schooling parameters are equal across the public ang private sectors can
be rejected only at the 75% significance level (chi“(l) = 1.57). This low
power reflects the small sample size. The identical test was performed
for the lst year of the GLSS data, whose large sample size includes 556
government workers and 426 private sector workersj the hypothesis is
easily rejected at the 99.5% level of significance (chi<(l) = 11.22).

12/ The test_statistic for the likelihood ratio test was 1.78, which compares
to a chi2(3) statistic of 7.8l at the 95% level of significance.
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not significantly different from zero. The significantly negative covariance
between the error terms in the wage equation and the probit in (8) indicates
that the OLS estimates suffer from selectivity bias. Since it is private
sector wages that are supposed to reflect worker productivity, one is led to
the peculiar conclusion that there is no return to being educated in Ghana,
except if one obtains a government job.lé/ This is a very different finding
from what one would expect, or from what one obtains by estimating a simple
OLS regression for both sectors combined (or separately) without controlling
for selectivity. Controlling for selectivity also removes the significantly
positive impact on government wages for female wage earners and residents of
the forest region.

Intuitively, it is difficult to believe that there is no return to
human capital in the private sector in Ghana, and studies of other developing
countries also cast doubt on this finding (Psacharopoulos, 1985). One
interpretation is that Ghana's education system has such low and uneven
quality (cf. World Bank, 1989) that the omission of the school quality
variable in (1) leads to biased results.lﬂ/ One could also think ot the
problem as one of errors in variables (cf. Griliches, 1977); since the years
of schooling variables measures human capital attained with a large amount of
error, the parameter estimates on years of schooling are biased towards zero

when interpreted as estimates of returns to human capital. How then can one

estimate private rates of return to schooling for the general population? The

13/ It is also peculiar that there appears to be no returns to experience.
This will be discussed in Section V.

14/ The World Bank report states that "... in many of the more remote areas,
especially in the northern [i.e. Savannah] half of the country, the large
majority (often more than 80%) of children completing grade 6, or even
JSS1 [first year of secondary school], were completely illiterate."
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following subsection calculates private rates of return to schooling using
cognitive skills data available from Chana.

Estimates Using Observed Cognitive Skills. Table 3 presents descriptive

statistics for the variables needed to estimate (3), and Table &4 presents
those estimates.t3/ Human capital (H;) is measured by two variables, acquired
reading and mathematics skills, while innate ability is measured by
Progressive Matrices test.lé/ Years of schooling are omitted from these
estimates as it is assumed that schooling contributes to wage rates only
through the acquisition of cognitive skills. The validity of this assumption

will be examined in Section V.ll/

15/ Full maximum likelihood estimation of (7)=(10) could not reject the

hypothesis that oge = ope

rejected (cf. Appendix III). Since Oe probably has little effect on the

= 0, but the assumption that O = 0 was

wage equations (7) and III (8), maximum likelihood estimates of (7)-(9)
were estimated. For comparison, Heckman's 2-step estimation is applied
where the probits in (9) and (10) are estimated jointly (to allow
for 0,6 0) but the Mills ratio is only calculated from the small probit

(9), which is discussed briefly in Section V.

Ir—-
[ 8
-

For further information on the psychometric properties of this test, see
Raven, et al (1984).

1S
~

Several specification tests were undertaken for equation (3) using
Hausman's (1978) technique to test whether the mathematics and reading
test scores are uncorrelated with the error term (i.e. exogenous).
Instrumenting both variables simultaneously proved difficult because the
instrumented math and reading test scores were highly correlated. Thus
the tests were performed separately on the 2 test scores for the 2-stage
estimators. For the private sector, one could not reject the hypothesis
of no correlation for either test score, but for the government sector the
hypothesis is rejected for both scores, which implies that the government
wage 13 missspecified. However, the specification for the government
sector in Section V below does not suffer from this problem. For details
see Appendix IV.
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TABLE 3: Means of Test Score and Other Variables by Wage Sector

Government Private

Variable Mean Standard Deviation Mean Standard Deviation
Log (wage) 4.5275 0.6734 4.0564 1.0359
Years Schooling 10.4937 5.0687 8.1842 4.71750
Reading 15.1730 9.6309 9.8158 9.4241
Mathematics 11.9452 8.7808 7.6974 7.0730
Raven's Test 24,9873 7.6996 24.4803 6.9568
Experience 20.4304 11.2987 15.0526 9.8235
Experience? 544.5232 553.4790 322.4474 397.5571
Female 0.2658 0.4427 0.2237 0.4181
Coast 0.2447 0.4308 0.3026 0.4609
Forest 0.4346 0.4968 0.4013 0.4918
Savannah 0.1308 0.3379 0.0592 0.2368
Sample Size 237 152

Note: The maximum scores possible on the three tests are as
follows: Reading - 29, Mathematics - 36, Raven's test - 36.

Turning first to the government sector, one sees that reading skills
have no predictive power on wages but mathematics skills have a strong
positive effect. Innate ability as measured by the Raven's test has no
significant independent effect on wages, though it wili be seen below that it
has a strong effect on reading and mathematics scores. The experience
variables still have weak statistical significance. Finally, the maximum
likelihood estimates of the covariance term between the errors u, and v is

g

st®'" significantly different from zero, indicating sample

, 27
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TABLE 4: Wages and Cognitive Skills

Maximum i:kelihood 2-Step
Variable Government Private Government Private
Constant 4,1582 3.8637 3.6898 3.9149
(13.27) (7.36) (9.89) (7.73)
Reading -0.0043 0.0356 0.0033 0.0339
Mathematics 0.0260 0.0207 0.0342 0.0191
(3.00) (0.85) (3.78) (0.95)
Raven Test 0.0074 -0.0202 0.0003 ~0.0202
Experience 0.0075 -0.0142 0.0169 -0.0180
Experience2 -0.0002 0.0006 -0.0003 0.0006
Female 0.0982 -0.0234 0.1669 -0.,0119
Coast 0.0878 0.2179 0.1334 0.2231
(0.53) (0.86) (1.15) (0.98)
Forest 0.2206 0.1733 0.3160 0.1743
(1.41) (0.61) (2.75) (0.75)
Savannah -0.0851 -0.0279 0.1041 -0.0302
(0.51) (-0.04) (0.63) (-0.07)
o -0.4705 -0.1187 - -
uv (-5.71) (-0.24)

Log Likelihood -2389.65 - - -
Lambda - - -0.0876 0.1959
(-0050) (0.5“)
[o] - - 0-3349 003520
ev (0.23) (0.15)
R2 - - 0.2809 0.1509
Sample Size 237 152 237 152

Note: 1. t—-statistics are in parentheses.
2, Identify variables in the probit equation are years of schooling,
marital status, family size, and a dummy variable taking the value
of unity if the individuals mother or father was a white collar worker.
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selectivity is still important for government workers. The 2-step estimator
gives broadly similar results, except: l. The parameter estimate for the
mathematics test score is somewhat higher} 2. The coast dummy variable is
significantly positive, and 3. The coefficient on the Mill's ratio is
insignificant, indicating no selectivity.

The private sector estimates in Table 4 revzal that reading skills
have a significant (10% and 5% levels of significance for maximum likelihood
and 2-step estimators, respectively) and strongly positive effect on wages,
while mathematical ability has a lower and statistically insignificant
impact. Innate ability (Raven's score) has no significant independent impact
on private sector wages, and has an unexpected negative sign. The experience
variables are still insignificant and trace out an unexpected age-earnings
profile; this will be taken up in Section V. Note also that the Savannah
dummy variable decreases substantially in absolute value, which suggests that
it indicated school quality in Table 2, since Savannah schools are generally
of poor quality in Ghana (cf. World Bank, 1989). All these conclusions also
hold using the 2-step estimator. Finally, the covariance term between the
errors ug and v declines dramatical.y and loses its statistical significance,
indicating that this specification is little affected by problems of
selectivity bias.

Given these effects of reading and mathematics skills on wages, what
remains is to estimate the impact of a year of schooling on the acquisition of
these skills by estimating the parameters in (4), which in turn can be used to
calculate the returns to schooling as given in (5). Equation (4) asserts that
attainment of skills depends on years of schooling, innate ability, schooling
quality, and family background variables. Unfortunately, it is very difficult

to get accurate information on schooling quality for people who have left
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TABLE 5: Determinants of Cognitive Skills

Variable
Constant

Age
Age 2
Sex
Years Schooling
Years Schooling2

Age & Years Schooling
Raven Test

Raven Test2
Father's Year's Schooling
Mother's Year's Schooling
Coast

Forest

Savannah

Raven x Year's Schooling
Raven x Age

R2

Sample Size

Reading
1.7814

(1.97)

0.0473
(1.31)
-0.0003
(-0.48)
-0.5400
(-3.46)
-0.3133
(-3.79)
0.0166
(3.49)
0.0101
(5.78)
-0.1654
(-2.10)
0.0064
(3.18)
0.0152
(0.93)
0.0039
(0.14)
-1.5280
(-5.07)
-2.2482
(-7.83)
-1.7442
(-5.29)
0.0064
(3.18)
-0.0007
(-0.55)
0.6815

3568

Mathematics

4.2348

-0.0248
(0.84)
0.0003
(0.79)
-0.8661
(-6.78)
-0.2212
(~3.26)
0.0205
(5.26)
0.0057
(3.95)
-0.3308
(-5.13)
0.0096
(5.80)
0.0098
(0.73)
-0.0126
(-0.54)
-0.8672
(~3.51)
~1.r262
(-4.36)
-1.0581
(-3.91)
0.0096
(6.99)
0.0003
(0.34)
0.6629

3568

Note: t-statistics are given in parentheses.

Mean
1.0000
24.5558
757.9333
0.5194
5.2329
48.7122
131.6245
19.4176
421.8644
2.8890
0.9232
0.2534
0.4711
0.1917
119.9919

485.5300

Std. Dev.

0.0000

12.4953
729.7536
0.4997
4.6190
63.1658
153.6734
6.6958
296.2742
5.0825
2.8627
0.4348
0.4992
0.3937
132.7214

305.9524

school many years ago.

in schooling quality by putting dummy variables for three of four geographic regions

The approach taken here is to capture the main differences

in Ghana (Accra being the omitted variable) to control for regional variation in

school quality and by introducing an interaction term between age and years of
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schooling to capture variation in school quality over time., The family background
variables used are mother's education, father's education, and a sex dummy variable
to control for possible discrimination against girls in schooling attainment.
Several quadratic and interaction terms are used to provide a relatively flexible
functional form.

Ordinary least squares (OLS) estimates of the determinants of reading
and mathematics skills are given in Table 5. Neither skill is significantly
affected by age, which indicates that people's retention of skills is fairly
strong as they grow older. There is a significantly negative female dummy
variable, but the exact cause of this will not be examined here. Years of
schooling has a strongly significant quadratic impact on reading and
mathematics scores, the impact being stronger at higher levels of
education.lﬁ/ Interaction terms of school years with age and with the Raven's
score imply that the impact of years of schooling is never negative. The
significantly positive coefficient on the latter interaction term suggests
that individuals with higher innate ability learn more for a given amount of
time in school, and that on the former implies that persons who attended
school many years ago learned more per year of school than persons attending

today. This is consistent with claims that school quality declined

substantially in Ghana in the 1970's and 1980's (cf. Keith, 1985).

18/ One could argue that years of schooling is endogenous, (e.g. cognitive
skills may determine entrance to higher levels of schooling), which would
imply that the model being estimated is misspecified. This was tested
using Hausman's (1978) technique. For the mathematics score regression,
the t-statistic for the instrumented years of schooling variable (the key
instruments were parents' years of schooling) was only 0.21, and the point
estimate was very close to zero relative to the point estimate for the
years of schooling variable. Similar results held for the reading score
regressions (t-statistic was 0.76). For details see Appendix IV.
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Generally speaking, innate ability as measured by the Raven's test is
strongly positively correlated with attainment of skills.lg/ The quadratic
specification shows an accelerated relationship, with only relatively low
Raven's test scores (12 for reading and 16 for mathematics) showing a negative
impact. In addition, the strong positive interaction effect of the Raven's
test and years of schooling on cognitive achievement implies that for almost
the entire sample the change in cognitive skills from an increase in innate
ability is positive. Once one controls for innate ability, the impacc. of
family background as measured by mother's and father's education is small and
statistically insignificant (though parental education does have an indirect
effect via its positive impact on years of schooling - cf. Appendix IV).

The regional dummy variables show strong variation in attainment of
reading and mathematics skills across geographic regions in Ghana which lend
themselves well to a school quality interpretation. The omitted region, the
capital city Accra, has the best schools in Ghana, both public and private,
while it is almost certain that the Savannah schools in Northern Ghana have
the worst (cf. World Bank, 1989). On average, one could probably state that
the schools in the Coastal areas are better than those in the Forest areas
because the former schools have been in existence longer. The dummy variables
for the two regressions in Table 5 support this ranking; all are strongly
negative, with the Coast have the least negative coefficient and the Forest
and Savannah areas competing for last place. For purposes of estimating the
impact of years of schooling on the attainment of reading and mathematics

skills, it may be reasonable to assert that specification error due to

19/ The Raven's Test score may well capture "motivation' and test-taking
experience as well as innate ability. This is useful for the purpose at
hand since one would want to countrol for these variables as well when
estimating the impact of schooling on attainment of cognitive skills.
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omitting variables of school quality has been avoided to a large extent.

To calculate Y, in equation (4) differentiate the specification given
in Table 5 by years of schooling} the interaction and squared terms imply that
the marginal effect of a year of schooling on reading and mathematics ability
is a function of the years of schooling, the age of the person and the Raven's
score. Table 6 shows different marginal impacts of schooling on these skills
for different values of years of schooling and age, evaluated at the mean
value of the Raven's score in the sample. Two conclusions stand out. First,
the marginal impact of a year of schooling is much lower for younger people
relative to older people; for both mathematics and reading skills the marginal
effect for someone aged 55 is almost double that of a l0-year-old, again
indicating that the quality of schooling has declined substantially in Ghana
over the past 30 years. Second, for both reading and mathematics the impact
of a year of schooling is stronger at higher levels of schooling, especially
for reading skills, implying that primary education has a lower rate of return
likelihood estimator. relative to higher levels of schooling.gg/

Table 7 calculates rates of return to schooling using a formula
similar to that in equation (5), the only difference being that the separate
impacts of reading and mathematics are summed. Since public sector wages show
an insignificant and relatively small impact of reading ability on wages, that
coefficient has been set to zero. For the private sector the mathematics
score had a sizeable but insignificant effect on wages. The first estimates

assume that the point estimate is accurate, while the calculations given in

Zg/ In Section V the calculations in Tables 6 and 7 are done so as to

distinguish between different schooling levels. It will be seen that the
stronger impact for higher levels of schooling does not hold for the
highest levels of schooling.
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TABLE 6: Marginal Impact on Math and Reading Skills from One Year of School

Mathematics
Age: 10 15 25 40 55
Years Schooling: & 0.3316 0.3601 0.4171 0.5026 0.5881
9 - 0.3886 0.4456 0.5311 0.6166
13 - - 0.4684 0.5539 0.6394
Reading
Age: 10 15 25 40 55
Years Schooling: 4 0.5918 0.6423 0.7433 0.8948 1.0463
9 - 0.8083 0.9093 1.0608 1.2123
13 - - 1-0421 1-1936 1-3451

TABLE 7: Rates of Return to Schooling

Private Sector

Age: 10 15 25 40 55
Years Schooling: 4 2.79% 3.03% 3.51% 4,23% 4,94%
(2.11%) (2.29%) (2.64%) (3.19%) (3.72%)
9 - 3.68% 4,16% 4.88% 5.59%
(2.88%) (3.24%) (3.78%) (4.32%)
13 - - 4.68% 5.40% 6.11%
(3.71%) (4.25%) (4.739%)

Public Sector

Age! 10 15 25 40 55
Years Schooling:! 4 0.86% 0.94% 1.08% 1.31% 1.53%
(1.13%) (1.23%) (1.43%) (1.72%) (2.01%)
9 - luOlz 1-162 10381 1-602
(1.33%2) (1.52%) (1.82%) (2.11%)
13 - - 1-222 1-44z 1.662
(1.60%) (1.89%) (2.19%)

Note: Figures in parentheses for the private sector assume that the impact of
mathematics skills on wages in private sector equals zero, since it is not
significantly different from zero. Figures in parentheses in the public
sector assume that the 2-step estimator in Table 4 is more accurate than
the maximum
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parentheses assume that the impact of mathematical ability on wages is zero.
Using the maximum likelihood estimates from Table &4 the private rates
of return for one year of education in the private sector market in Ghana
range between 2.8% and 6.1%Z, depending on che age and level of schooling.
These are lower than the 72 figure given by the OLS estimates in Table 2
(column 6) but are higher than the complete lack of returns found in column 7
of Table 2. As one would expect from Table 6, the rates of return rise with
age and decline with years of schooling. The former finding makes clear that
the private returns to investment in schooling of 5-6% being reaped by those
who attended school 30-40 years ago are not available to those who are
attending school today, and the most plausible interpretation is that the
quality of schooling today is markedly inferior to that attained in previous
decades.gl/ Note that use of the human capital model in this manner produces
private rates of return in the public sector that are much lower than in the
private sector, regardless of whether the maximum likelihood or the 2-step
estimates in Table 4 are used. However, this assessment is incomplete because
there may be returns to schooling apart from those attained as returns to
these skills if credentialism is operating in the public sector. This will b2

investigated in the next section.

21/ One might be tempted to ascribe this to some kind of cohort effect in the
labor market, i.e. the older workers are getting higher returns to their
human capital than the younger ones. Yet the specification of equation
(3) forces the returns to human capital (as measured by mathematics and
reading skills) to be the same for all workers. The "cotort effect" in
Table 7 is due to the age-schooling interaction term in equation (4) which
has absolutely nothing to do with labor market outcomes.
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V: PURTHER EXAMINATION OF THE HUMAN CAPITAL MODEL IN GHANA

Is There Evidence of Screening or Credentialism? As pointed out in

Section II, the screening molel of education assumes that education simply
serves as a "screen'" or indicator of innate ability (or motivation), and does
not in and of itself produce skills which make workers more productive. If
this were true, one would expect that the Raven's test and not the reading or
mathematics tests would have a strong and significant effect on wages in the
private sector, and perhaps in the public sector as well. If it were
partially true, then perhaps both the Raven's test and the other tests would
have significantly posicive effects on wages. However, the results in Table 4
indicate that neither is the case; the coefficients on the Raven's test are
not significantly different from zero. Yet, this does not mean that innate
ability has no effect on wages; the results from Table 5 indicate that it does
so indirectly because it enables individuals to aquire more mathematics and
reading skills. This result is essentially the same as that of Boissiere,
Knight and Sabot (1985), who examined urban wocrkers in Kenya and Tanzania.

The credentia'ist model hypothesizes that persons who have high
credentials, as measured by years of schooling or attainment of diplomas,
receive higher wages because they have those diplomas, not because they have
acquired human capital skills. To test this hypothesis, the model in equation
(3) was estimated adding the years of schooling variable and dummy variables
for diplomas obtained. There is evidence that equation (3) without these
variables is misspecified for the government sector (cf. footnote 17). The
results are presented in Table 8 using both maxirium likelihood estimation of

(7)-(9) and the 2-step estimator based on the bivariate probit estimate of

36



- 27 -

TABLE 8: Testing for Credentialism

Maximum Likelihood 2-Step
Variable Government Private Government Private
Constant 3.1172 4.1098 3.9034 3.9036
(7.63) (6.53) (11.04) (4.43)
Years Schooling 0.0340 -0.0452 0.0122 0.0250
(1.81) (-1.05) (0.68) (0.71)
Middle School Cert. 0.0384 -0.2852 0.0389 -0.1998
(0.34) (-1.11) (0.41) (-0.91)
O-Level Dipl. 0.0343 -0.0683 0.0308 0.0286
(0.16) (-0.16) (0.18) (0.08)
Teacher Training 0.4817 - 0.5064 -
(2.67) (3.29)
Higher Degree -0.2722 -0.6448 -0.2302 -0.4677
(~1.18) (-0.60) (-1.04) (-0.71)
Reading 0.0014 0.0276 -0.0015 0.0399
(0.12) (1.35) (-0.19) (2.57)
Mathematics 0.0340 0.0066 0.0244 0.0246
(3.34) (0.28) (2.78) (1.55)
Raven Test -0.0075 0.0001 -0.0062 -0.0288
(-0.76) (0.01) (-0.69) (-1.20)
Experience 0.0202 -0.0396 0.0136 -0.0048
(1.24) (-1.07) (1.02) (-0.17)
Experience2 -0.0001 0.0004 -0.0002 0.0006
(-0.29) (0.46) (-0.83) (0.78)
Female 0.1697 -0.2599 -0.0062 0.0108
(1.74) (-0.96) (-0.05) (0.05)
Coast 0.1563 0.0368 -0.0205 0.3212
(0.93) (0.12) (-0.05) (1.15)
Forest 0.3040 -0.0762 0.0562 0.3295
(1.80) (-0.26) (0.36) (0.96)
Savannah 0.2687 -0.5271 -0.1517 0.2450
(1.29) (-0.92) (-0.69) (0.42)
LI 0.2840 -0.9541 - -
(1.80) (-3.84)
Log Likelihood 2377.02 - - -
Mills Ratio - - -0.7261 -0.1516
(-1.60) (-0.31)
%e - - 0.8895
5 (-9.91)
R - - 0.3626 0.1599
Sample Size 237 152 237 152

Note: None of the private sector workers had a teacher training degree.
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(9) and (10).23/ For the private sector both estimators given the same
results; neither years of schooling nor any of the diploma variables have
significant explanatory power beyond that provided by test scores, which
implies that credentialism is not operating in that sector. In the public
sector there is clear evidence of credentialism - maximum likelihood
estimation shows a significantly positive coefficient on the teacher training
degree and an almost significantly positive one on the schooling variable,
while the 2-step estimator shows a significant positive effect of the teacher
training degree only. This supports the hypothesis that credentialism is
operating in the public sector in Ghana.

How Are Workers Allocated Between the Public and Private Sectors?

The estimation strategy presented in Section III requires the estimation of 2
probit models, one which divides wage workers from all other individuals and
the other which divides government and private wage workers. Though they are
not the main focus of attention in this paper some comments can be made. The
results of the former probit are given in Appendix III. Individuals who are
more educated, both in terms of years of schooling and reading ability, are
more likely to have wage occupations. The same is true of mathematics and
innate ability as measured by the Raven's score, but these two parameters are
not significantly different from zero. Women are less likely to take wage
occupations than men. Finally, the three regions outside of Accra have fewer
wage work opportunities and thus their residents are less likely to be working

in the formal sector.

22/ The o diploma variables are Middle School Leaving Certificate (Grade 10),
O-Level Diploma (Grade 15), Teacher Training A or B (15+3, or 10+4,
respectively) and a fourth variable including all higher degrees.
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Table 9 presents three sets of probit estimates on the separation of
wage earners into government and private sector workers. 7Ine dependent
variable takes the value of one if the individual works for the government.
The three different estimates represent maximum likelihood estimation of (7)-
(10), of (7)-(9), and of (9)-(10), the last of which is used in the 2-step
procedure, in columns l, 2 and 3, respectively. All three estimations show
that persons with relatively high innate ability, as measured by the Raven's
score are less likely to work for the government, and that persons living
outside Accra (particuiarly in the Forest and Savannah areas) are more likely
to work for the government. The latter finding simply reflects the fact that
most wage employment outside of Accra is government employment. The former
result is interesting because it indicates that more talented (in terms of
innate ability and perhaps motiviation) persons avoid government employment,
but puzzling because the wage equations did not reveal any separate impact of
Raven's test scores on wages. Perhaps it reflects a taste factor in that more
able and motivated persons prefer private sector work for reasons other than
higher pay, or it may indicate that government hiring practices discriminate
against individuals who have higher levels of innate ability.

Other results from Table 9 show weaker significance, depending on the
estimation technique used. First, there is some support for the hypothesis
that people with more schooling tend to have government jobs, which provides
some support for the credentialist hypothesis. Second, persons with higher
mathematics ability are more likely to work in the public sector, which is
consistent with the finding that such skills are rewarded more in that sector
than in the private sector. Third, the evidence on reading scores suggests
some tendancy toward government jobs, but this does not fit well with the
findings above that only the privete sector rewards reading ability., Finally,

note that there is some evidence that married individuals and persons with
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TABLE S: »>vernment Employment vs. Private Sector

4t-equation model 3-equation medel 2-equation model
Constant 0.2925 -1.9189 -2.6196
(0.45) (-3.54) (-1.77)
BexR 0.6476 0.4304 0.2642
(1.68) (1.99) (0.48)
Years Schooling 0.0389 0.0976 0.1212
(1.37) (3.46) (3.18)
Raven Test -0.0435 -0.0490 -0.0463
(-3.40) (-2.96) (-2.01)
Reading Test 0.0078 0.0284 0.6301
(0.58) (1.78) (1.84)
Mathematics Test 0.0190 0.0339 0.0338
(1.22) (1.78) (1.84)
Experience -0.0135 0.0315 0.0489
(-0.52) (1.03) (0.98)
Experience? 0.0009 0.0005 0.0003
(1.82) (0.82) (0.28)
Coast 0.0433 0.0389 0.0319
(2.23) £1.64) (1.01)
Forest 0.0770 0.0692 0.0536
(4.36) (3.28) (1.16)
Savannah 0.1226 0.1326 0.1134
(4.33) (4.01) (1.88)
Married 0.1313 0.2547 0.4072
(0.95) (1.42) (1.85)
Family Size 0.0616 0.0401 0.0066
(2.41) (1.37) (0.14)
Parent's Occupation 0.2395 0.2512 0.3020
(1.09) (0.95) (1.08)
Sample Size 389 389 389

Note: The logarithms of the likelihood functions for all three models are not
comparable since they include different numbers of equations. The log
likelihood for the 4-equation model is given in Appendix A, while that
for the 3~equation model is in Table 4. The log likelihood for the
2~equation model is -967.14,

large famil.es are more likely to work in government jobs, which may reflect a
perception that such jobs are more stable.

Does Experience Matter in Ghana? The human capital model of Becker and

Mincer hypothesizes that wage earners will receive higher wages as taey gain
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more years of experience because they accumulate more human capital as they
are working, a process known as post-school investment.gé/ At some point a
peak is reached as it becomes no longer profitable to accumulate addition
human capital near the end of one's working life. Most wage regressions on
survey or census data show such an earnings—-age profile, but these data from
Chana do not. It could be that in the public sector wage scales are rigid in
a way which prevents this from happening, but it is difficult to understand
why this comes about in the private sector. Several hypotheses were checked
with the data but failed to provide returns to experience: l. Limiting the
regressions to men only; 2., Using job specific experience rather than a
general experience variable; and 3. Using a different, larger data set from
CGhana (the 1987-88 GLSS data set which includes 982 wage workers including -
from the private sector).

This may be due to a prevalence of occupations for which prospec:!
for on-the~job accumulation of human capital are weak. It is not clear th
the occupations of the 152 private sector workers in the sample, as seen i
Table 10, are ones for which post-schooling investments can greatly enhan:
marginal productivity., Further, the sizeable deterioration of the Ghana-:
economy in the 1970's and early 1980's (cf. Glewwe and Twum-Baah, 1990) . .
have brought a situation where past investments in specific types of hum:u
capital have yielded few returns. These two arguments are admittedly

speculative; full consideration of returns to experience is beyond the sc-

of this paper.

23/ The model assumes that learning on the job takes time away from product
work, and thus lowers wages. Alternatively, one could assert "learning
doing," so that wages are not lowered as human capital is accumulated.

b
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TABLE 10: Occupation cf Private Sector Wage Earners

Transport Operators 6.4%
Fisherman 6.4%
Construction Workers 5.7%
Wholesale or Retail Trade 7.6%
Other Service Workers 5.1%
Farm Workers 4.5%
Painters 3.8%
Electrical Workers 3.2%
Food Service Workers 2.5%
Production Workers 2.5%
Workers in Religion 2.5%
Other Occupations 27.4%
Occupation Not Elsewhere Classified 19.1%

Rates of Return to Education by Schooling Level As pointed out in

Section II, one can estimate private rates of return by different levels of
schooling. This would involve estimating separate y's in (4) for each level
of schooling. Although the estimates of the impact of schcoling on skill
attainment (Table 6) and rates of return (Table 7) done in Section IV provide
indirect information on the likely impact of different levels of schooling, it
is useful to do so directly as well.

Table 11 presents estimates of the determinants of cognitive skills

similar to those presented in Table 5 except that schooling and its square

o 4 M
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have been replaced by 4 variables which represent years of schooling at 4
different schooling levels: primary (grades 1-6), middle (grades 7-10),
secondary (grades 11-17) and post-secondary (18 or more). Chana is rather
unusual in that 17 years of education are needed for entering post-secondary
education. Most of the non-schooling variables display the same effect as in
Table 5. When examining the coefficients of the schooling level variables the
four schooling levels must be examined along with years of schooling
interaction terms; e.g. the returns to primary school are not necessarily
negative because one must add the age/years schooling and Raven/years
schooling interaction terms. This is done in Table 12, which calculates the
marginal impact of a year of schooling on mathematics and reading achievement.
Turning first to the mathematics, a year of primary schooling seems
to have the lowest marginal impact while a year of middle schooling appears to
have the highest. The impact of secondary and post-secundary schooling have
intermediate effects. Notice also that those who attended school many years
ago seem to have learned more for each year of schooling, especially at the
primary level. The reading scores tell essentially the same story, except
that it is necessary to comment on the very low impact at the primary level
for those aged 10 and 15, and the negative impact at the post-secondary
level. Turning to the former, it is worth keeping in mind that recent policy
changes have put somewhat more emphasis on learning to read in African
languages at the very first grades, which may partially explain why primary
achievement in English is lower now than it was for those who attended schools
many years ago. Still, children do study English at the higher level of the
primary grades, and it appears they are not learning it (cf. World Bank,
1989). Also, English is much more widely used in Ghana as a written language

than are the written forms of the various African languages, and thus reading
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+x 11! Determinants of Cognitive Skills with Separate Effects by Level of Education

rable Mathematics Reading Mean Std. Deviation
C-Lstaat 5.1069 5.0970 1.000 0.0000
(7.50) (6.43)
-0.0559 -0.0827 24,5558 12,4453
_ (-2.14) (-2.72)
o 0.0008 0.0012 757.9333 729.7536
(1.85) (2.41)
5 Primary -0.3239 -0.7627 3.5723 2.5723
(-4.48) (-9.07)
©, Hiddle 0.4665 1.1434 1.3417 1.7627
(4.33) (9.12)
. 's secondary 0.1189 0.0649 0.3010 1.1953
(0.93) (0.42)
t's Post-Sec. -0.1041 -2,6871 0.0179 0.2443
(-0.34) (-7.51)
‘ather's Year's Schooling 0.0075 0.0085 2.8890 5.0825
(0.56) (0.55)
iicther's Year's Schooling -0.0109 0.0107 0.9232 2.8627
(-0.47) (0.40)
Sen -0.8851 -0.6330 0.5194 0.4997
(-6.97) (-4.28)
-0.9445 -1.6793 0.2531 0.4348
(-3.85) (-5.88)
cst -1.1241 -2.4687 0.4711 0.4992
(-4.80) (-9.06)
aanah ~1.2141 ~2,2440 0.1917 0.3937
(-4.50) (-7.15)
e -0.3265 -0.1924 19.4176 6.6958
(-5.41) (-2.74)
e’ 0.0092 0.0061 421.8644 296.2742
(5.61) (3.20)
“ “1rs Schooling 0.0059 0.0100 131.6295 153.6734
(4.98) (7.22)
naVears Schooling 0.0260 0.0328 119.9919 132.7214
(7.52) (8.14)
0.6675 0.71462 - -
Loaple Size 3568 3568 3568 -

..~ in English probably has a much higher contribution to productivity in

m.unlace than reading ability in the African languages.

Regarding the

s tve post~secondary scores, two points should be made: 1. Instruction at

vour-secondary level is not intended to improve an individual's reading
y P
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ability, and in fact is often intended to develop specialized skills which are
not picked up by either the mathematics or reading tests} and 2. This result
is based on only 23 persons out of a sample of 3568, 17 of whom were working
for the government. For this reason it is probably best to assume that the
impact of post-secondary education on reading skills is zero.

Table 13 presents private rates of return by level of schooling
analogous to those in Table 7. For the private sector the rates of return are
very low for primary school, about 1-3%, and highest for middle school, about
9-11%. At higher levels of education they drop somewhat (5-7% for secondary
and 1-2% for post-secondary) but some of this decline reflects the fact that
skills are being obtained which are not reflected in the mathematics and the
reading scores. As in Table 7, one sees that rates of return are lower for
people who have attended school more recently, which again suggests that
schooling quality has declined in recent years. The results also imply that
investments in primary schooling yield very poor returns, and as such
improvement in the quality of primary schooling (as opposed to building new

schools at the same level of quality) is a critical need in Chana. Finally,

TABLE 12: Marginal Impact on Math and Reading Skills from One Year of School

Mathenatics

Age: 10 15 25 40 55

Level: Primary 0.2411 0.2708 0.3302 0.4192 0.5083
Middle - 1.0612 1.1206 1.2096 1.2987
Secondary - - 0.7730 0.8620 0.9511
Post=-Sec. - - 0.5500 0.6390 0.7281

Reading

Age: 10 15 25 40 53

Level: Primary -0.0253 0.0247 0.1248 0.2748 0.4249
Middle - 1.9308 2.0309 2.1809 2.3310
Secondary - - 0.952¢4 1.1024 1,252
POSt. Sec. - - _107996 "'l 06496 ‘194993
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TABLE 13: Private Rates of Return to Schooling by Level of Education

Private Sector

Age! 10 15 25 40 55
Level: Primary 0.5% 0.7% 1.1% 1.9%2 2.6%
(0.0%) (0.1%) (0.4%) (1.0%) (1.5%)
Middle - 9.1% 9.5% 10.3% 11.0%
(6.9%) (7.2%) (7.82) (8.3%2)
Secondary - - 5.0% 5.7% 6.5%
(3.4%2) (3.9%) (4.52)
Post-Sec. - - 1.1% 1.3% 1.5%
(0.0%) (0.0%) (0.02)

Public Sector

Age: 10 15 25 40 55
Level: Primary 0.6% 0.7% 0.9% 1.1% 1.3%
(0.8%) (0.92) (1.1%) (1.4%) (1.7%)
Middle - 2.8% 2,92 3.1% 3.4%
(3.6%) (3.8%) (4.1%2) (4.4%)
Secondary - - 2,0% 2.2% 2,5%
(2.6%) (2.9%) (3.3%2)
Post-Sec. - - 1.4% 1.7% 1.9%
(1.9%) (2.2%) (2.5%)

Note: Figures in parentheses assume that the impact of mathematics skills
on wages in private sector equals zero, gince it is not significantly
different from zero. For the public sector, figures in parentheses are
based on the 2-step estimator in Table 4. Finally, negative terms in
Tabla 12 are set to ze:xo for Table 13.

note that the returns to schooling at all levels are rather weak in the public
sector, unless credentialism is taking place or formal schooling aids one in

obtaining a government job.
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VI: RATES OF RETURN TO SCHOOLING INVESTMENTS RECONSIDERED

This section critically assesses whether the private rates of return
to schooling presented in Sections IV and V provide useful information for
governments' schooling investment decisions.g&/ Those estimates assume that
the derivative of the log of wages with respect to years of schooling, albeit
calculated indirectly via test scores, can be interpreted as the private rate
of return to investments in additional years of schooling. It is worthwhile
to critically examine this assumption, which amounts to assuming two things:
that benefits from additional years of schooling can be measured by the
percentage increase in the wage rate due to cognitive skills acquired from an
additional year of schooling, and that the costs can be measured by forgone
wages. The first two subsections will examine whether these assumptions are
reasonable. The third will examine whether estimates of private rates of
return to additional years of schooling are relevant to government schooling

investment decisions.

Benefits of Schooling. There are several reasons to suspect that the

demand for schooling is not simply a matter of an investment which is
undertaken solely to increase the present discounted value of earnings. First,
education can be viewed as a consumption good as well as an investment good,
so that overall demand will reflect the "sum'" of these two aspects. Thus,
the rate of return as measured by increments in wages will underestimate the
true private value of investments in education and may lead to the false

conclusion that too much investment in education is taking place.

24/ Social rates of return are often calculated which adjust private rates of
return by incorporating government costes of providing schools which are
not borne by the individual. Social returns will be discussed belowj for
now it is important to keep in mind that virtually all problems with
estimating private rates of return will also be present when social rates
are calculated.
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Second, any individual's return to investments in education will
depend on the stream of future earnings over his or her lifetime. In almost
=11 rgrimates of rates of return to schooling it is assumed that cross-
sectionai data are a reasonable predictor of these future earnings. What
little data that exist suggest that this assumption is simply not true (cf.
Mincer, 1974, p.77). In fact, to accurately predict the returns to education,
one needs to know how real wage rates will grow or decline at each level of
education over the life cycle of an individual. Estimates of rates of return
to education from cross-sectional data are thus conditional on no systematic
change in relative wage rates across different levels of education, which is
likely to be unrealistic.

Third, schooling has other benefits in addition to its contribution
to wages and the direct consumption benefits (Haveman and Wolfe, 1984).
Schooling may make individuals more productive in home work, more efficient in
maintaining their health and more effective in imparting human capital to
their own children, just to cite a few examples. Neglect of these factors
leads to underestimation of the returns to education. In addition, in
countries such as Ghana where the majority of the population is self-employed,
one would have to assume that the returns to education equalize across the
wage and self-employment sectors. There are several reasons for thinking that
this may not be true (cf. Singh, Squire and Strauss, 1986), which implies that
one should estimate the returns .o education in self-employment activities
directly instead of assuming they are the same as those in the wage sector.

Fourth, schooling may provide private returns by enabling one to get
a government job. About 9% of the population in the sample from Ghana worked
for the government, and this figure is even higher for those with higher

levels of education (32% with upper secondary education and 74% with post-
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secondary education). In fact, most wage workers in Chana (61%) work for the
government. If human capital and or years of schooling enable one to get A
government job (cf. Section V), the private benefit of education to rhu=

do obtain government jobs is not reflected in the rate of return for the
private sector, and thus is completely ignored when that rate is used as a
measure of the private benefit of education. Further, the social benefit of
education depends on the productivity (in the most general sense) of well-
educated government workers, which can be very difficult to ascertain,

Fifth, although general depreciation of human capital stock is easiiw
accomodated in human capital models (cf. Mincer, 1974), and amounts to
interpreting the rate of return as a net return rather than a gross one, huwe::
capital which becomes obsolete due to its "vintage" characteristics cannot -
so easily handled. The real issue is the extent of future obsolescence of
human capital being acquired today relative to the obsolescence of human
capital emodied in today's older population cohorts, since cross-sectioun::
data are being used to predict future earnings. A priori, this could leac
either under~ or overestimation of rates of return to education.

Costs of Schooling. The assumption that the cost of attending schoc!

be measured by forgone wages is aiso open to question., First, there aic
tuition and other costs (cf. footnote 4), which in some countries can be
substantial. In Ghana school fees are not very large (cf. Keith, 1985),
this problem is not a serious one for the estimates given here. Even it ."
were, there are mechanisms to incorporate school fees and other costs to
determine the rate of return to schooling, which involve solving for a rai
return that equalizes the present discounted value of total costs and tota

benefits from education. Yet even these calculations suffer from some

problems, as one must implicitly assume that either no post-schooling
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investment exists or that the present discounted value of all possible
schooling investments are equalized (cf. Becker, 1975, Chapter 3).

A second difficulty stems from the fact that parents usually pay the
costs of children's schooling, especially at the primary or secondary level,
while children reap the benefits later in life. Strong assumptions must be
made about intergenerational relations to treat the the parents and child
together as a single unit. Some parents may calculate benefits only in terms
of what they expect to receive from their children. Others may be altruistic
and provide their children with education even at a high cost. A related
issue is that parents may have limited education themselves and thus may not
have a very realistic understanding of the benefits of education.

A third problem arises in many develuping countries since a large
proportion, even the majority, of the working population are self-employed.
If household labor on the household farm is not perfectly substitutable for
non-family labor on the family farm, the marginal product of labor on the
family farm in equilibrium may differ from the wage rate prevailing in the
rural labor market (cf. Singh, Squire and Strauss, 1986). Thus the
opportunity costs of education may be incorrect, as would estimated rates of
return.,

A fourth problem with assuming that the cost of education is the
opportunity cost of market labor is that one assumes away differences in
ability among students. Students with high ability may be able to skip grades
while those with low ability may repeat grades or even be unable to proceed
past a certain level. Estimates of the return to education for the population
as a whole are, at best, averages across different ability groups. But if
investments in education are advocated as a means of raising the educational

levels of disadvantaged groups, and these disadvantaged groups have lower
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levels of ability, the rate of return among these groups will be lower than
that among the general population. Data on innate ability could be used to
overcome this problem, but to do so would require a much more elaborate
procedure than simply estimating equation (1).

A fifth and final problem is that in many cases developing countries
even the "average" student repeats many grades. For example, in Cdote d'Ivoire
the typical child who has finished the 6th year of schooling (i.e. finished
the primary cycle) has actually attended school for 9 years (World Bank,
1987). This underestimate of the true costs of education will result in

25/

overestimates of the true private rate of return to schooling.Z=

Social Investment Decisions. The two previous subsections point out

several problems that cast doubt on estimates of private rates of returns to
additional years of schooling. Even if these problems could be handled,
transforming these private rates to social rates by incorporating government
costs of providing education are unlikely to lead to useful guides for
government policy makers for 2 reasons: l. Social rates of return do not
incorporate externalities in the benefits of educationj 2. Rates of return to
additional years of schooling are unlikely to be relevant for most government
investment decisions in education.

Turning to the first point, if education were like any othe~ private
investment good there may not be any economic rational for its being financed
by the government. Yet, most education is provided or heavily subsidized by
the governments in both developing and developed countries. One economic

argument for government provision or subsidization of education is that the

25/ In Ghana such repetition is relatively low, but this mostly reflects the
fact that children progress through the system regardless of their
progress in cognitive achievement.




- 42 -

“eacfits of one individual's education may accrue to other persons, i.e. there
2wy be externalities. One probable externality is that the cost of conveying
‘uformation to an educated (literate) person is likely to be lower than that
;i an uneducated person, and part of this cost may well be born by other
wembers or institutions in society. To the extent that these externaltities
~uist (which will not be debated here), social rates of returns to government
~rojects should include them when calculating benefits. At present, despite
i somewhat misleading name, virtually all estimates of the social rate of
cehurn to education exclude positive and, to the extent that they may exist,
nepative externalities. If positive externalities dominate any negative ones,
existing social rates of return are only lower bounds to the actual rate.

(Another reason for government subsidization and promotion of
ducation is that persons with little or no education do not realize the
tenefits of education. Thus the government must subsidize education and use
-ther methods to persuade parents to send their children to school. This is
‘fearly a paternalistic argument, but it cannot be dismissed simply for that
“dson, )

Turning to the second point, many discussions on social investment

-~i1ons implicitly assume that decisions by governments to invest in

“.iferent levels and types of schooling is a matter of modifying the

“iavestment portfolio' among the different types of education given their

-~rial rates of return. For example, Psachoropoulos (1985, p. 591) argues

it "primary schooling remains the number-one priority for investment. This
rvidenced by the fact that the social rate of return to primary education
.~ecds by several percentage points the returns to secondary and higher
~ucation.'  Indeed, the World Bank (1986, p. 9) officially advocares this
nesition, reasoning that '"The social rates of return...suggest that in most

Q e
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developing countries primary education should receive the highest investment
priority..."

The implicit scenario behind this view is that there are capacity
constraints at all levels of education, i.e. children do not obtain access to
schools because all schools are "full", and the decision faced by the
government is which types of new schools (primary, secondary or higher) should
be built to accomodate this unmet demand. This scenario also assumes that
rates of return at each level of schooling are given, so that the only choice
is which types of schools to build, not which types of investments in schools
may raise rates of return. However, in countries wherc school quality 1s low
the problem is often not lack of capacity but enrollment stagnation due to low

schocl quality. In fact, government investments in schooling, especially in

developing countries, are often designed to raise the social rates of return

at existing schools, not to build new schools to satisfy excess demand.

Thus rates of return to schooling need to be interpreted in a new
way. Relatively low rates of return to certain types of education do not
necessarily imply that future investments shou'd be directed away trom those
types, in fact they may indicate that relatively small investments there can
have very high returns by raising the routes of return to education. Taking
Ghare as an example, the apparent low rates of return to primary education do
not mean that investments should be away from primary and toward other forms

of education. In fact, they may mean the opposite, more investments are

needed to raise the rate of return to education in primary schools.

From the previous paragraph it should be clear that the statements to
the effect that educational investments should be given to those schools which
have the highest rates of return may well be erroneous; more detailed analysis

is needed of the reasons for low returns. This should be done along the lines
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of the model embodied in equations (3) and (4) in Section II, Equation (3)
should be estimated for all activities for which human capital raises
household incomes, not only wage employment but self-employment activities as
well.gé/ Then equation (4) should be estimated using detailed data on school
characteristics which are (or can be) altered by government investinents in
schoocling (school quality variables). With such estimates ore can

estimate 3w/3Q = 3w/3H x 3H/3Q to get rates of return to particular
investments that raise school quality. To the extent that increased school
quality also leads to increases in time spent in school (35/3Q > 0), this
should also be included in the analysis. Obviously, the data requirements for
such an exercise are much larger than those embodied in equatien (1).

However, this is what is needed to provide estimates of rates of return to
government investments in schooling; there is little reason to think that

rates of return to years of schooling in estimated earnin functions could

serve as substitutes.

26/ In fact, this should be extended to non-financial benefits of education
(e.g. better educated adults are more able to maintain their health as
well as that of their children) and could be done if one could mecasure the
money value of these benefits.,

o
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VII. SUMMARY AND COHCLUSION

Estimates of rates of return to education are often calculated to
judge the wisdom of investments in education, both relative to non-education
investments and across different types or levels of education. Presumably,
these judgements are then used to inform policy Jecisions in education. This
paper has critically examined the validity of estimating private rates of
return to additional years of schooling from wage data, illustrating th.
pitfalls using data from Ghana, and moreover questioned the usefulness of
those estimates for government investment decisions. Several conclusions
stand out.

First, when school quality varies widely across time and space, years
of schooling may be a very imperfect indicator of human capital attained, and
simple estimates of the private rate of return to schooling may be
substantially biased. In the case of Ghana the data can either overestimate
(if sample selectivity of wage earners is ignored) or underestimate (if one
controls for selectivity but ignores school quality) the rate of return to
schooling. Obviously, this could bring about misleading policy conclusions.

Second, when data on cognitive skills and a measure of innate ability
are used to assess the impact of education on wagee, it appears that it is
cognitive skills acquired, rather than accumulation of schooling credentials
or innate ability, that determine wages in the private sector In Ghana. This
is consistent with the findings of Boissiere, Knight and Sabot for East
Africa. However, in the public sector credentialism appears to be present.

Third, private returns to primary schooling do not always exceed
those of higher levels of schooling. In Ghana they have the lowest returns,
which reflects the poor quality of primary schools in Ghana. However, this

does not imply that government investments in primary school are

8}
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inappropriate, because government investments in many cases are intended to
raise these rates of return. This leads to the last, and most important,
conclusion.

Fourth, estimates of private rates of returan to additional years of
schooling are of little relevance to education investment decisions in
developing countries, even if they are adjusted to become social rates of
return. First, there are so many qualifications and difficulties to estimates
of rates of return to schooling based on cross-sectional wage data that they
are unlikely to give accurate rates of return (private or social) to
additional years of schooling. Second, rates of return to additional years of
schooling are useless in countries where the problem is low school quality and
stagnating enrollments. What is needed are rates of return to improvements in
school quality, and these cannot be obtained from standard estimates of rates
of return to additional years of schooling. This requires investigation of
the determinants of the acquisitions of human capital in schools, and the
contribution of this capital, measured in terms of cognitive skills, to

household incomes.
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APPENDIX I: Derivation of Functional Forms of Earnings Equations
This appendix demonstrates how the loglinear functional form of

equation (1) in Section II can be derived from economic theory. Ignoring
differences in post-schooling investment as approximated by years of
experience,l/ assume that the difference between the wage of an individual 1
with S years of schooling, w;g» and the wage he or she would receive with S-1
years of schooling, w;._;, is the return to the capital accumulated during
that year of schooling, H,_:

18

W - W = H (a.1)

1s 1s-1 Tis'is

where r, is the private rate of return, which varies by individual and year
of schooling. The human capital variable H;; refers to the physical amount
possessed today, but is expressed in terms of its cost at the time of
accumulation in order to interpret r;, 8s a return on a past investment.

Omitting any direct costs of schooling, the cost is simply forgone

wage income for the period of time spent in school:

is = Yis-1 (4.2)

where the wage is expressed in the same units as the period of schooling (e.g.

1/ Mincer (1974) accounts for post—-schooling investment in human capital in a
way which does not alter the interpretation of a,. See Willis (1986) for a
detailed exposition of human capital and earnings functions.
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2/

yearly wage income). Substituting (A.2) into (A.l) repeatedly results in:

W = wio(l*ril)(l*riz)...(1+ti ), (Ao3)

18 8

which, after taking the logarithm of both sides, becomes:él

ln(wis) = ln("io) + 1n(l+ri1) + 1n(1+ri2) tooot 1n(l+ris)

ne

In(w; ) + £y + rjp *+eoo¥ r oo (A.4)
Assuming further that the private rates of return for all years of school are
the same, ioeo that ril = tiz Seee= T = ri, Yie1d9=

in

In(w;) = log(w; ) + r;S;, (A.5)

where S; is the years of schooling completed by person i. The expression of
variation across i in w; and r; as an additive error term, u;, and the
addition of a quadratic experience specification to control for differences in

post-schooling investments (cf. Mincer, 1974) yields equation (1) in the

text. A more general variant allows different schooling levels (e.g. primary,

2/ A general inflation in prices and wages over time (i.e. relative prices
unchanged) does not invalidate the cost expression in (A.2); the cost at
the time of investment is simply being expressed in today's prices.
However, ignoring direct costs of schooling (tuition, books, uniforms,
etc.) will lead to overestimates of the private rate of return due to
underestimates of costs.

will lead to an underestimate of

s, “hh
) < r,. - . i i i .
J) i3 for i3 0 e bias rises exponentially as i3

The simplification that ln(l + r.
Fié since 1n(+ri
infreases.
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secondary and higher) to have different private returns:

ln(wi) = ln(wio) + ripsp + risss + ri:S: (A.6)

where Sp, Ss and St are the number of years in primary, secondary and tertiary

education, respectively, and Tips Tig and r., the corresponding rates of

it
returne.

Interpretation of a, 4s the private rate of return to additional

1
schooling can also be justified in other ways. For example, if one assumes
that years of schooling across the population represents an equilibrium

whereby the present discounted value of earnings is equalized across all

levels of schooling, one has

S+tN -rt _ -rS,, _ -rn - _ _~rn - N -rt
"sfs e dt =ue (l-e )/r=wll-e ) wofoe dt  (A.7)
where the i subscripts have been suppressed and N is a fixed span of time

(independent of S) spent working. Clearly, (A.7) gives ln(ws) = ln(wo) +

rSe. )é/

2/ The formulation in (A.7) omits the assumption in (A.1l) that differences in
wage rates across schooling levels are due to differences in stocks of
human capital, but it still implicitly assumes that the cost of schooling
is forgone earnings. The formulation in {A.1)-(A.5) did not require any
assumption about equalizing the present discounted value of life-cycle
earnings.
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APPENDIX II: Likelihood Functions of Equations (7) - (10) in Section III

The likelihood function of equations (7) = (10) in Section III is:

w-X8 12(1-11)

E ¢ -IZ) @ -Z,a 1
L =t=1[o(-2202)] X [I-zzazf-ml 1 fp(e,v|wp-xpep)dv de = o(E—2-5)]

P P
- - 1 w-X 8 Ile
x [ [7, [ £ (e,v|w -X 8 )dv de = o(-B—E-E)] (A2.1)
=Z,a, -Zlal g g 28 og o] g

where fp and fg are conditional bivariate normal distributions. The logarithm of

the likelihood function can be expressed as:

T
1n(L) =:Zl (1-1,) 1n[o(-z2a2)] + 1,(1-1)) {ln[B(w,wlp;pp) - B(wzp,wlp,pp)]
1 w - XB
+ 1n[;_ °(—2_3_—R—2 )]}
P P
1 w =X B
+ 1, 11{1n[B(-w2g,-wlg.pg)] + 1n [3; ¢(~5—3§—5)]} (A2.2)
P
where ¥, = (-Zlal- okv (wk - XkBk))/(l - piv)l/2
k
by = (Zyaym 2 (- %8070 - 02 )M
k

and B(:,-,+) is the bivariate standard normal distribution. In this paper full

maximum likelihood estimation is used to test whether oge = ope =00 ° 0.

If this hypothesis cannot be rejected one can limit estimation to (7)-(9) in the

text, a model studied by Lee (1979), which simplifies the estimation.

be
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APPENDIX III: Maximum Likelihood Results for Full Model

Estimate for Equation (1) Estimates for Equation (3)

Problt Equations: Equation (9) Equation (10) Equation (9) Equation (10)
Constant -0,9434 (-0,57) =-1,8530 (-7,.,45) 0,2925 (0.,45) -1,8207 (-7,30)
Family Size 0,0373 (1,12) =-0,0548 (-6,73) 0,0616 (2,41) -0,0567 (-6,98)
Sex 0,5885 (1,86) -0,6282 (-7.41) 0,6476 (3.85) -0,6388 (-7.49)
Raven's Test -0,0460 (-3,12) 0,0093 (1,31) -0,0435 (-3,40) 0,0101 (1.40)
Reading 0,0272 (1,53) 00,0163 (2,03) 0,0078 (0,58) 0,0166 (2,02)
Mathematics 0,0491 (2,53) 0,0109 (1,20) 0,01%0 (1,22) 0,0113 (1.22)
Years Schooling 0,0364 (0,70) 0,0809 (5.,40) 0,0389 (1,37) 0,0773 (5.,28)
Coast 0,0390 (1,59) =-0,0328 (-2,40) 0,0433 (2,23) -0,0342 (-2,51)
Forest 0,0785 (3,29) =-0,0546 (-4,23) 0,0770 (4,36) -0,0555 (-4,35)
Savannah 0,1421 (4,37) =-0,0492 (-3,05) 0,.,1226 (4,33) -0,0509 (-3,16)
Married 0,2817 (1,63) =-0,2611 (-0,28) 0,1313 (0,95) 0,2829 (0.30)
Parent Govt, 0,1276 (0,51) =0,2442 (-0,18) 0,2395 (1,09) -0,4475 (~0.33)
Experience 0,0092 (0,19) 0,0804 (6,58) ~0,0135 (-0,52) 00,0772 6,23)
Experience? 0,0007 (0.97) -0,0011  (-4,69) 0.0009  (1,82) -0,0011  (-4,46)
Wage Equations: Equation (7) Equation (8) Equation (7) Equation (8)
Constant 4,1178 (6,06) 4,2080 (2,79) 3,6690 (7.38) 4,4673 (4,01)
Year's Schooling 0,0427 (1,57) =0,0094 (=0,14) - -
Reading - - 0,0023 {0,20) 0,0368 (1,94)
Mathematics - - 0,0301 (2,87) 0,0253 (0.95)
Raven's Test - - 0,0092 (0,90) -0,0306 (-1,20)
Experience 0,0068 {0,30) -0,0035 (-0,73) 0,0211 (1,11) =0,0211 (-0,59)
Exparlence2 -0,0002 (-0,43) 0,0004 (0,42) -0,0005 (-1,26) 0,0008 (0,91)
Female 0,0483 (0,28) -0,1664 (-0.38) -0,0474 (-0,28) 0,.1602 (0.44)
Coast 0,0986 (0,58) 0,0803 (0,26) 0,0093 (0,05) 0,3125 (1,08)
Forest 0,1732 (0,97) =0,1411 (-0,36) 0,1137 (0,62) 0.3349 (0,.85)
Savannah -0,1581 (-0,80) -0,5866 (-0.85) -0,2418 (-1,21) 0,2606 (0,33)
Cov, Matrix:

Og op 0,6703 (18,28) 11,1727 (8,31) 0,6837 (7.34) 0,9303 (8,17)

?

pgv’ppv -0,7547 (-5,53) -0,6835 (-2,78) -0,7448 (-4,26) 0,2465 {0,43)

pge,ope 0,0936 (0,22) -0,1320 (0.,22) 0.41 7 (1.33) -0,2885 (-0,65)

Pye -0,3509 (-0,57) -0,8263 (-6,47)

Log likelihood =3172,23 -3162,6!

Note: t-statistics are in parentheses,
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APPENDIX 1IV: Results of Specification Tests
TABLE 1, Endogeneity of Years of Schooling in Equation (4)

Dependent Variables

Independent Variables Math Score Reading Score School Years
Intercept 6,4155 6,4016 4,7665 4,6967 00,7112
(8,63) (8,48) (5.25) (5.10) (1,10)
Age -0,0758) -0,0815 -0,0324 -0,0579 0,2692
(-2,54) (-2,13) (-G,.89) (-1,24) (10,53)
AgeZ 0.0006)  0,0007 0.,0001 0,0007 -0,0065
(1,27) (0,92) (0.21) (0,78) (17,37
Sex -0,7901 -0,7710 -0,4627 -0.3751 -0,9181
(=5,99) (-4,94) (-2,87) (-1,97) (-8,06)
Raven -0,7190 -0,7179 -0,6794 -0,6735 -0,0603
(-12,14) (-12,05) (-9.40) (-9,26) (-1.17)
Raven? 0.0203 0,0202 0.0204 0,0200 0,0049
(15,54) (14,38) (12,79) (11,64) (4,30)
Coast -1,1502 -1,1272 -1,8555 -1,7501 -1,1053
(-4,52) (-3.97) (=5.97) (-5.05) (-5,00)
Forest -1,4335 -1,4248 -2,7421 -2,7041 -0,4045
(-5.,93) (-5,74) (-9,30) (-8,93) (-1,92)
Savannah -0,9716) -0,9040 -1.,6654) -1,3624 -3,2046
(-3.,48) (-1,98) (-4,88) (-2,45) (-13,50)
Raven®Age 0.0046 0,0044 0,0057 0.0051 0.0064
(5.38) (4,14) (5.46) (3.86) 8.,73)
Years Schooling 0.6866 0,6866 0,.8806 0.8806 -
(35,67) (35.68) (37,48) (37,.49)
Predicted Yesrs Schooling - 0,021 - 0,0945 -
(0,21) (0.76)
Mother's Years Schooling -0,0020 - 0.,0150 - 0.0689
(-0,09) (0.52) (3.,32)
Father's Years Schooling 0,0036 - 0,0076 - 0,1122
(0,26) (U,45) (9.37)
Number of Obs, 3568 3568 3568 3568 3568
0.6393 0,6393 0.6588 0.6588 0,5011

Note: The lst and 3rd columns demonstrate that mother's and father's years of
schooling do not have significant effects on math and reading skills,
and thus can serve as the identifying variables in the school years
equation in the 5th column. Columns 2 and 4 demonstrate that the
coefficients on predicted years of schooling are statistically
insignificant (Hausman test). T-statistics are given in parentheses.

(O
»ix



TABLE 2, Endogeneity of Test Scores in Equation (3): Mathematics Score
Dependent Variables

Independent Variables Private Sector Wage Government Sector Wage
Intercept 3.9047 (7,69) 3.4161 (9,29) 3.5521 (6,88)
Experience -0,0100 (-0,32) 0,0255 (1,83) 0,0154 (1,13)
Experlence2 0,0006 (0,86) -0,0003 (~1,19) -0,0002 (-0,55)
Sex 0,0169 (0,07) 0,2527 (2,40) 0,1315 (1,23)
Raven -0,0300 (-1,08) -0,0157 (-1,38) -0,0042 (-0,30)
Mathematics 0,0198 (0,96) 0,0314 (3,55) 0.,0291 (3,22)
Predicted Mathematics 0.,0204 (0,.48) 0,0290 (2,15) 0,0055 (0,20)
Coast 0,28% (1,04) 0,2016 (1,64) 0,1126 (0,89)
Forest 0,2398 (0,81) 0.,4109 (3,16) 0,2455 (1,81)
Savannah 0,0771  (0,15) 0,2853 (1,43) 0,1218 (0,58)
Years Schooling - - 0,0165 (0,50)
Middle School Certificate - - 0,0456 (0,45)
O-Level Diploma - - 0.,0267 (0,16)
Teacher Training Degree - - 0,5009 (3,21)
Higher Diploma - - -0,2441 (-1,03)
Lambda 0,0079 (0,02) 0,1218 (0,52) 0,0356 (0,15)
rR? 0,1517 0,2961 0,3564
Sample Size 152 237 237

Note: The instrumented mathematics score is that given in column | of Table 1, Thus

the instruments are age and its square, the square of the Raven's test, an interaction
term between the Raven's test and age, mother's and father's years of schooling, and,
for the first 2 regressions, years of schooling,

65
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Table 3. Endogeneity of Test Scores in Equation (3): Reading Score
Dependent Variables

Independent Variables

Private Sector Wage

Government Sector Wage

Intercept 3,8926 (7,64) 3,4081 (9,23) 3,5600 (6,65)
Experience -0,0135 (-0,44) 0,0236 (1,73) 0,0150 (1,09)
Exper lence? 0,0006 (0.88) -0,0003 (-1,05) -0,0001 (-0,53)
Sex -0,0085 (-0,04) 0,242 (2,36) 0,1290 (1,25)
Raven -0,0250 (-0,87) -0,0160 (-1,40) -0,0043 (-0,29)
Reading 0,0347 (2,11) 0,0041 (0,49) -0,0010 (-0,12)
Predicted Reading 0,0084 (0,24) 0,0242 (2,17) 0,0048 (0,19)
Mathematics 0.0198 (0,96) 0.,0317 (3,58) 0,0291 (3,23)
Coast 0,2558 (0,88) 0.,2189 (1,75) 0,1154 (0,89)
Forest 0,2109 (0,66) 0,4385 (3,24) 0,2506 (1,70)
Savannah 0.,2572 (0,05) 0,3060 (1,50) 0,0455 (0,58)
Years Schooling - - 0,0158 (0,43)
Middle School Certlficate - - 0,0455 (0,45)
O-Leve! Dipioma - - 0,0269 (0,16)
Teacher Training Degree - - 0,5014 (3,22)
Higher Diploma - - -0,2458 (-1,02)
Lambda 0,0761 (0,16) 0,1338 (0,56) 0,0352 (0,14)
rR? 0,1508 0,2964 0.3564
Sampie Size 152 237 237

Note: The instrumented reading score is that given in column 3 of Table 1,
Thus the instruments are age and its square, the square of the Raven's test,
the interaction term between the Raven's test and age, mother's and father's
years of schooling, and, for the first 2 regressions, years of schooling,
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