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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

The objective of this paper is to assess the determinants of student

achievement in middle schools in Ghana, with special attention given to school

characteristics. We present a model of human capital accumulation which includes

decisions on how long to attend school, which school to attend, and how much

human capital to accumulate. This provides a framework for controlling for

selectivity into middle schools, which is often ignored in the human capital

production function literature. We also explicitly account for the fact that

many children attend school only sporadically, which reduces their cognitive

achievements but, according to our model, is a rational response among credit

constrained households. We then estimate, for the cohort of children aged 12 to

18, the probability that they are in middle school, their choice of which middle

school to attend, and the determinants of achievement in reading and mathematics

skills in Ghana's middle schools. In addition to specific findings regarding

which school characteristics contribute to such achievement, we find some

evidence indicating that households in Ghana suffer from credit constraints and

fairly strong evidence that sample selectivity is taking place and hence may

distort estimates that do not account for it.
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FOREWORD

Education is widely regarded as a key to economic development. Because

government is the main provider of education in low income countries, policy-

makers need to know which educational investments are most effective in boosting

student achievement. This paper develops a methodology for estimating the

determinants of student achievement that takes into account parents' choices

about their children's schooling, and applies it to data on middle school

students from Ghana.

This paper is part of a broader program of research in the Population

and Human Resources (PHR) Department on the extent of poverty in developing

countries and on policies to reduce poverty. This research program is located

in the Poverty Analysis and Policy Division. The data used here are from the

Ghana Living Standards Survey, which is one of the Living Standards Measurement

Study (LSMS) household surveys which the World Bank has implemented in many

developing countries. Aside from the findings in this study for Ghana, one of

the other objectives of this and similar work using LSMS data is to demonstrate

the need for and usefulness of household data collection efforts in other

developing countries.

Ann 0. Hamilton
Director

Population and Human Resources Department
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I. Introduction

Education is widely regarded as a key to economic development. Because

the government is the main provider of education in low income countries,

policy-makers need to know which educational investments are most effective in

boosting student achievement; for example, whether at the margin it is more

cost effective to provide textbooks, improve teacher training, or repair

deteriorated school buildings. Many empirical studies in both developed and

developing countries purport to estimate the effect of schooling investments

on student achievement (cf. Hanushek, 1986). These studies usually estimate

production functions, essentially ad hoc relationships between measures of

student achievement and school characteristics, with only tenuous links to

economic theory. They overlook the fact that parents make choices about their

children's education, deciding which school to send them to, how many years

they will attend, and even how regularly they attend. These choices are

presumably made to maximize some objective function. Failing to account for

optimizing behavior could lead to false inferences about the relative

effectiveness of different government educational investments.

In lower income countries, these biases may be large because the economic

barriers to schooling are great. In particular, poor parents are unlikely to

be able to borrow against their children's future earnings to finance

potentially profitable human capital investments. Indeed, children living in

poverty throughout the developing world often start primary school well after

age six, drop out of school at young ages, and attend classes sporadically.

This paper presents a model of educational decisions in poor households that

incorporates these various margins of schooling choice, some of which have
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received little or no previous theoretical attention. The model is then

applied to the problem of estimating the determinants of student

achievement, as measured by test scores, and some of its implications are

tested along the way.

To illustrate the possible biases inherent in the standard approach to

this estimation, consider an empirical specification of a typical ad hoc

educational production function, F,

(1.1) h. = F(SCi, FBi, Ai, Gradei, Oi ) + ei

where h. is a measure of the student's cognitive skills (e.g. achievement test

score), SCi is a vector of school and teacher characteristics, FBi is a vector

of family background variables, Ai is a measure of "innate ability" (e.g. an

IQ test), Gradei is years of school attendance, hoi is a measure of pre-school

cognitive skills, and ei is a random error representing unobserved

determinants of achievement, such as motivation, which are (often implicitly)

assumed to be uncorrelated with the other variables.

Suppose (1.1) is estimated by ordinary least squares (OLS) on a sample

of, say, middle school students. If parents choose among schools with

different characteristics, and this choice is based partly on unobserved child

motivation, then SCi and ei in (1.1) will be correlated, biasing the OLS

parameter estimates. A positive association between school quality and

student achievement may simply be due to the fact that more motivated students

go to better schools. This problem could be severe in developing countries,

where, unlike in the United States, parents often face no legal restrictions

on their choice of public schools. The hypothesis that school characteristics

are subject to choice (and thus endogenous) has been virtually ignored in the
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educational production function literature.I

If a sample of students in a particular grade or set of grades is

unrepresentative of the population of children of the associated age range, an

additional bias in the estimation of (1.1) could arise. For example, the OLS

estimates of the SC coefficients in (1.1) would not describe the marginal

("treatment") effect on student achievement of increasing school quality

because such an increase could draw less motivated students into school.

Again, this selection bias could be substantial in developing countries, where

early school dropouts and late starters are very common.

A final issue is that parents may not send their children to school full

time. If school attendance is sporadic, years of school attendance, Grade1,

will overestimate the amount of child time devoted to human capital formation.

The "intensity" of schooling is an omitted variable in (i.1), one that could

well be correlated with included variables. Since actual (cumulative) school

attendance is never observed in practice, this omitted variable problem would

appear intractable.

Longitudinal data may improve matters, but it is no panacea. With a

panel of students, fixed individual effects can be removed from (1.1), thereby

controlling for the sorting of high ability children into better schools.

However, as a practical matter, a sufficiently large panel data set is

expensive, particularly if collected in conjunction with a survey of schools.

Secondly, as has just been observed, early dropping out of school and hence

panel attrition is clearly nonrandom. Thirdly, as shown in the next section,

omitted schooling intensity is not an individual fixed effect, but varies

according to number of years in school.

Two exceptions are Jimenez et al, (1988) and (1991), who consider the choice
between public and private schools.
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The theoretical model in section II provides a way around the unobserved

school attendance problem, as well as an overall framework for estimating the

determinants of student achievement. This framework is outlined in section

III. Our model is estimated, and its implications tested, using household and

school level survey data from Ghana. The data are discussed in section IV,

along with some details of the estimation. The empirical results appear in

Section V, and Section VI concludes the paper and summarizes the findings.
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II. A Theoretical Framework

This section presents a unified theoretical treatment of parental

schooling decisions in poor households. Our approach is to model these

choices as a two-stage optimization problem. In the first stage parents

choose for each child, among the schools available, the best school as

determined by school quality and attendance costs (school fees and travel

time). In the second stage, conditional on this choice of school, parents

decide on the timing of human capital investment; that is, when to enroll the

child in school, how long to send the child to school, and how intensively (in

terms of daily attendance) to educate each child. The bulk of this section

is devoted to this second stage problem, emphasizing the importance of

assumptions about the nature of credit markets. The first stage problem is

examined briefly at the end. An appendix to this paper provides full

mathematical details.

The Optimal Timing of Human Capital Investment

Parents are assumed to exercise full control over all family income while

they are living and to make all schooling decisions, yet they are assumed

altruistic in the sense that child consumption appears as an argument in their

2If no new information were obtained while the child attended school, the two
stages could be worked out simultaneously at the time of school selection.
More realistically, parents first choose the school (using "best estimates" of
optimal years of schooling for each schooling option) and update their initial
estimate of optimal years of schooling over time for the school chosen.
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preference function. The parents' instantaneous concave utility, U, is

further assumed to depend only on the sum of parental and child consumption,

C(t). Parents die at time T, at which point the human capital of their

children is assumed to be of no value to them.3

Human capital, H(t), is interpreted as a homogeneous stock of embodied

knowledge (see, e.g., Ben-Porath 1967), and corresponds to achievement test

scores in the empirical work. Children have one unit of time to allocate

between schooling and other productive activities. Schooling time consists of

classroom time, S(t), and travel time, dS(t), which is assumed proportional to

classroom time. Total school time is thus (1+d)S(t) E [O,1+d]. Classroom

time is assumed to be the only input into human capital production, which is

characterized by a constant returns to scale technology:

(2.1) H(t) = bH(t)S(t)

where b is a productivity parameter, partly reflecting the student's innate

ability, but also related to the quality of the school chosen.

The benefit of schooling is the increment to human capital as specified

in (2.1). The costs of schooling consist of enrollment and other fees and the

opportunity cost of time devoted to schooling, including travel time. Fees

can be modeled by subtracting a fixed amount, f, from household income while

the child attends school. Such tuition-like fees are more realistic than

3To relax this perhaps unpalatable assumption, a "salvage" function that
attaches utility to the human capital of the child at time T can be appended
to the overall parental objective function. However, the cost of this
modification is enormous analytical complexity. Financial bequests may be
incorporated in a similar fashion without much difficulty, but they are
ignored here (i.e., the utility of the terminal stock of assets is set to
zero) without changing the basic thrust of the analysis.
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daily attendance fees. Children rent their stock of human capital at a

constant rental price w; i.e., they work at a wage rate wH(t) for D hours per

day and contribute wH(t){D-S(t)(1+d)} to current family income. Parents also

contribute an amount y(t) to family income at each point in time. Although

y(t) may well rise or fall over time, we assume it is constant (y(t)=y) to

avoid needless complication.4

In the initial phase, from time 0 to top which starts when the child is

at the minimum age of primary school entry, parents keep the child at home.

Household income is just y + wDH0, where Ho is the child's initial stock of

human capital; the assumption being that young children (say, age six and up)

contribute to family income in a meaningful way, perhaps by doing chores or

tending livestock. We explicitly model this phase because late entry into

primary school is such a pervasive phenomenon in many low income countries

(including Ghana). If the household can borrow and lend freely at the market

interest rate, r, then during this initial period its net asset stock, A(t),

will evolve according to

(2.2) A(t) = rA(t) + y + wDH0 - C(t) 0 s t s to

In the second phase, [tWt 1] the child is enrolled in school and parents

pay the school fee f, so that

(2.3) A(t) = rA(t) + y - f + wH(t)[D - S(t)(1 + d)] - C(t)

4Jacoby (1991) considers nonconstant parental income. Endogenous parental
labor supply is a trivial extension of the model as long as utility is assumed
additively separable in consumption and parents' leisure.
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In the final phase, [t T], the child has quit school and is working full-time

at wage rate wDH(t1), i.e.,

(2.4) A(t) = rA(t) + y + wDH(t1) - C(t).

We ignore on-the-job training.

Case of unconstrained borrowing

As a benchmark, consider the case where there are no constraints on

parents' ability to borrow against the future earnings of the child. Parents

choose to t C(t) and S(t) to maximize discounted lifetime utility,

(2.5) U(C(t)) et dt

subject to (2.1)-(2.4), the time constraint 0 s S(t) s 1, and the boundary

conditions H(O) = H AMO) = Ao = 0, and ACT) = 0. The last condition is

implied by nonsatiation and the assumption that bequests have no value. The

rate of time preference is denoted by 6, and it is assumed that b > max(r,5);

otherwise, human capital investment will never be undertaken.5

The model is easy to solve when borrowing is allowed, since there is a

separation between consumption and human capital investment decisions. We

show in the Appendix that delays are never optimal; if schooling is a

worthwhile investment, it pays to begin it immediately. As it stands, the

model also implies that children always attend school full-time, which is

5This condition is necessary. It is also sufficient if f = 0.



9

clearly at odds with the reality of most low income countries.

Case of Constrained Borrowing

To obtain schooling patterns more in line with those observed in the

data, we now impose a borrowing constraint of the form A(t) 2 0. Not all

households are necessarily affected by such a borrowing constraint, since some

parents may be willing to save even while sending their children to school.

To focus the exposition, we examine the case of an "impatient" household,

i.e., one with 6 > r, that starts off with zero assets (Ao = O) 7

Figure 1 illustrates the generic solution to the problem with borrowing

constraints (see Appendix 1 for mathematical details). Consider first what

happens during the three phases represented by constraints (2.2)-(2.4):

[O,t ]: The household has a constant income stream, y + wDH0, but anticipates

a fall in income at t0 to y - f + wH [D - S(t )(i + d)]. Therefore, at least

during the latter part of this interval, parents save, allowing consumption to

fall smoothly, rather than abruptly at to.

[to t 1: The child is enrolled in school. Initially, the household can dip

into its savings to finance consumption, so the child is sent to school

full-time. Even after savings from the previous phase have been exhausted,

children may still attend full-time for a while, from to to ts, if parental

income net of the school fee is sufficiently high. But eventually parents

begin gradually withdrawing their child from school and putting him to work.

6A similar analysis applies if assets are constrained to lie above a negative
lower bound.

7The case of the patient household (r < 6) is more complicated, but it can
also lead to part-time school attendance, especially if parental income is low
(see Jacoby 1991).
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The absence of credit, in linking household consumption with the child

earnings profile, raises the cost of consuming today versus tomorrow, making

parents appear more patient.

[t ,TI: Income is constant at y + wDH(t 1) and consumption simply follows

income because the household is assumed impatient.

Turn now to the choice of school starting and quitting times. Unlike the

case of unconstrained borrowing, here delays may be optimal. It may be

worthwhile delaying entry into the labor force so as to postpone paying the

school fee. However, the larger parental income is relative to the school

fee, the less advantageous a delay would seem to be, and the lower to (see

appendix). Similarly, the choice of t1 depends on parental income. Notice

from Figure 1 that both S(t) and C(t) have a discontinuity at t1. The reason

is the fixed school fee. Although parents want to avoid jumps in consumption,

low school attendance does not make sense in the face of a substantial

enrollment fee. In selecting t1, parents balance the marginal savings of

school fees against the higher future consumption that schooling yields.8

Based on our discussion thus far, we can write the optimal switching time

functions as follows

(2.6) ti = Ti(y,f,wH0,D,b,d,r,a,T) for i= 0,1.

8So far we have assumed that credit constrained households start out with no
assets (A0 = 0). Of course, the type of assets (e.g., land, livestock or

cash) will determine whether, or how fast, they can be liquidated over time,
or whether they can be used as collateral for limited borrowing. In either
case, greater asset holdings will tend to mitigate the delay in school
enrollment and allow parents to send their child to school on a full-time
basis for a longer period; however, the precise effect is difficult to
determine analytically.
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* *

Our model does not yield closed form solutions for t0 and t1 , even in very

restrictive special cases. An exception, however, is when f = O, in which
* * 1

case t = 0 and t = T + -ln(l - S/b'). The implication is that even if
O 1 S

borrowing is restricted, as long as school fees are negligible, neither the

school starting time nor quitting time depends on parental income. In fact,

there is no incentive at all to postpone entry into school.

We now characterize the optimal stock of human capital for children

enrolled in school as a function of potentially observable variables. In

general, this function has the form

(2.7) H(t) = HO0e t0) for t0 - t - t

= g(y,f,w,HO,DO,b,d,r,3,T,t) for t s t s t

where t is the point at which the optimal rate of school attendance, S (t),

falls below unity (see Figure 1). The second line of (2.8) reflects the fact
* * *

that S (t) is a function of the same variables that determine t1 and to. Note

that the former variable has been optimized out of the "demand" function,

H(t), which depends only on exogenous variables.

As with the Ti functions, it is not possible to sign the partial

derivatives of g in full generality. The main point is that, unlike the case

of unconstrained borrowing where ts = ti, with a borrowing constraint the

optimal stock of human capital depends on parental income, school fees, and

the rental price of human capital.

9However, for the case of logarithmic utility and small f, the intuitively
plausible signs are obtained; H(t) is positively related to y, b and Ho and

negatively related to w and d.
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Multi-child Households

So far we have focused on a single child household, saying nothing about

how the timing of human capital investment of a given child is affected by the

presence of siblings. Analyzing multi-child households is complicated (see

Jacoby, 1991), but one point is clear. If parents can freely borrow against

the future earnings of their children, then the timing of children's human

capital investment would be independent of the presence of siblings and their

age structure. In general, however, the desire to smooth consumption coupled

with borrowing constraints implies that at any point time, the school

attendance of a given child depends upon the attendance of his or her

siblings, and vice versa. Fixed school fees, for example, would lead to a

"staggering" effect; i.e., children close in age would not be enrolled in

school together. At the very least, then, family demographics--e.g., the

number of siblings and their age structure--should appear in the Ti and g

functions discussed above.

The Optimal Choice of School

Turn now to the first stage of the parental decision problem, choosing

which school to attend. Given (2.7) and (2.8), lifetime indirect utility

conditional on schooling choice can be written as

(2.8) V = V(y,f,w,H 0D,b,d,r,3,T).

Schools differ according to the quality of instruction (which affects learning

efficiency, b), travel time or distance (d), fees (f), and unobserved

characteristics. Each school I under consideration offers lifetime utility Vi

= V(y,w,H0,D,r,3,T,bV,d1 ,fi) + I, where ei is assumed to be an additive
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random component. Thus, first stage optimization amounts to choosing the

school among the N available that maximizes utility (V).
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III. Empirical Implementation

In the introduction we pointed out how estimates of the effects of

schooling investments on student achievement based on (1.1) may be misleading

in low income countries because: 1) school quality is subject to choice; 2)

children in school are not a random sample of the total child population; and

3) the intensity of school attendance is unobserved and varies in the

population. Our model of Section II provides a framework for estimating a

human capital demand function that is consistent with optimizing behavior, as

well as allowing a test of the effects of borrowing constraints on the timing

of human capital investments. In this section we specify the empirical

counterparts to the human capital demand function, (2.8), to the school

starting and quitting time functions, (2.7), and to the school selection model

just delineated.

The Human Capital Demand Function

The human capital demand function (2.8) bears some resemblance to the ad

hoc education production function given by (1.1). Both contain school

characteristics, such as teacher competence and textbook availability; in

(2.8) these enter through the learning efficiency parameter, which is school

specific. Students' innate ability also enters (2.8) through b, as does

parents' education and innate ability, to the extent that parents help and

encourage child learning. Years in school also appears in both
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specifications, but in (2.8) it is interpreted as elapsed time. As such,

grades completed is an exogenous variable for children still attending school.

Finally, the initial stock of human capital, HO, appears in (2.8), as it has

in some education production function studies in the form of pre-school test

scores.

A key difference between (1.1) and (2.8) is in the treatment and

interpretation of economic variables. In the standard approach, indicators of

the household's economic status are often included in the specification to

proxy the unobserved component of family background. In our model, parental

income, assets, school fees, and even child wages play no role in the human

capital stock function of children attending school, as long as the household

is able to borrow freely against future child earnings. On the other hand,

these variables do enter (2.8) when the household cannot borrow and has

reached the part-time schooling phase. At the very least, our model places a

different interpretation on the economic variables; but, given adequate

controls for parental ability and education, we argue that most of the

residual correlation between economic variables and student achievement, if

any exists, can be attributed to economic constraints on human capital

investment, not to unobserved components of the home environment.

Empirical implementation of the model requires data on parental income, a

1OFor school systems in which barriers to grade advancement exist and grade
repetition is prominent, grades completed would no longer represent elapsed
time. As will be seen in the empirical section of this paper, grade
repetition is minimal in the primary and middle schools of Ghana.

11This is because parental utility in (2.5) depends only on consumption. If
parents valued the education of their children for its own sake, higher income
could lead to greater demand for education even in the absence of credit
constraints. We return to this point in the empirical estimates of this
paper.
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variable that can be extremely difficult to measure in developing countries

(such as in Ghana) because self-employment is pervasive. Our approach is to

replace parental income with total household consumption expenditures, which

is relatively easy to measure. According to the model, total consumption

follows total household income throughout the period in which the child is

enrolled in school. Consumption may thus be expressed as follows

(3.1) C(t) = y - f for to s t.s t

0(y,f,w,H, D,b,d,r,S,T,t) for t s t s t

Solving (3.1) for y and substituting into (2.8) yields

(3.2) H(t) = G(C(t),f,w,H0 ,D,b,d,r,3,T,t) for ts s t s tI

The same strategy is used for the switching time functions T, so that C(t)

replaces y in (2.7). The joint determination of household consumption and

human capital investment implies that C(t) will be statistically endogenous in

the regressions based on these three relations, a problem that will be dealt

with in the next section.

Sample Selectivity

The human capital demand function derived above holds only for children

still attending school.12 But, as was argued in the introduction, a sample of

12In particular, years in school is no longer exogenous for children who have
quit school. Moreover, there is likely to be a looser connection between
currently observed economic variables (e.g., household consumption) and school
achievement for these children.
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students is certainly not a random sample of all children in a particular age

range; and, as seen below, this is especially true of middle school students

in Ghana. Suppose middle school consists of grades seven through ten. There

are four reasons a child In a given age range would not be attending middle

school: (1) they never started school in the first place, (2) they entered

school late, and have not yet reached grade seven, (3) they have quit school,

and (4) they have gone beyond grade ten already. In terms of the theoretical

* * * *
model, (1) implies t > t, = to = 0, (2) means t < t, and (t - to) < 7, (3)

* * :*
means t > ti , and (4) Indicates that (t + 10) < t < t1.

By estimating the functions T0 and T1 , it is possible to calculate the

probabilities of being in each of these categories, thus completely

characterizing the sample selection mechanism. We utilize a pair of ordered

probit models adapted from Lillard and King (1984), one for school attainment

* * *
(t1 - to) and the other for the number of years late in starting school (to)

These estimates are used to construct selectivity correction terms analogous

to those in Heckman (1979), which are then inserted into the human capital

demand function. Notice, that the selection criteria, based on (2.7), contain

no variable that is not also in (3.2), which suggests an identification

problem. However, the next section explains how identification might be

achieved through exclusion restrictions.

School Selection

Another kind of selectivity arises because schools are chosen by parents

based on a comparison of conditional indirect utilities. This choice is
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determined by differences in schools, both in costs and in quality. Standard

discrete choice models can be used here as well, though now multinomial models

must be considered because the number of schooling options may be greater than

2. Conditional means, constructed from multinomial logit and probit models,

can be inserted into the human capital regressions (2.8) to control for the

sorting of children into schools (see Maddala, 1983). However, if there is

correlation between the school selection rule and the sample selectivity rules

described above, matters become more complicated. Tests for such correlation

must be performed, and if the null hypothesis of no correlation is rejected,

appropriate measures must be employed (see Maddala, 1983, p.282).

Our theoretical model in section II says that all three of these

selectivity rules emanate from the same underlying utility maximization

problem. Unfortunately, the full set of restrictions imposed by the theory

across the selection rules and the human capital demand equation are

difficult, if not impossible, to test or impose. Joint estimation of all the

relations is also infeasible. But a two-step procedure, where sample

selectivity regressions are estimated first, followed by estimates of the

human capital demand function, is relatively straightforward.
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IV. Context, Data, and Estimation

Education in Ghana

Since the mid 1980's Ghana has begun to institute widespread educational

reforms, many aimed at raising the quality of education in primary and middle

schools.13 Yet school quality remains appallingly low in rural areas. A

recent World Bank Report (1989, p.18) points out that "in many of the remote

areas, especially in the northern half of the country, the large majority

(often more than 80%) of children completing grade 6... were completely

illiterate." During Ghana's economic decline, which reached bottom in

1983-84, funds for basic materials such as textbooks dried up, and only

recently have they reappeared in many Ghanaian schools. Teacher quality also

declined substantially: "Due to the economic decline of the 1970's, large

numbers of trained and highly qualified teachers left the country and were

replaced by untrained teachers in primary and middle schools. The result has

been over a decade of ineffective basic education..." (p.27). .

Almost every child (93%) attends government (public) schools at the

primary level (grades 1-6). The next level of schooling is middle schools,

which encompass grades 7-10. 4 Most middle school students (94%) also attend

government schools. After middle school children enter the secondary stream,

13The World Bank lent Ghana $35 million in the form of an education sector
adjustment credit in 1987 and $50 million more in 1990.

14Ghana has now converted all its middle schools to junior secondary schools.
At the time the data used here were collected, the first two grades of middle
school (7 and 8) had been transformed into junior secondary grades (the main
practical effect is that the curriculum was changed) while the last two
grades of middle school (9 and 10) were still in place.
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which consists of five years up to the time when the GCE 0 Level exams are

taken and another two years after which the GCE A level exams are taken.

Entry into the secondary stream is determined by performance on the Common

Entrance Examination (CEE), which most students do not pass. Thus children

proceed through the first 10 years of education without encountering any

formal obstacle preventing them from advancing to the next grade.15 The model

described in the Section II is best suited for the first 10 years, since it

does not incorporate screening tests to advance to higher levels of education.

Data and Sample Selection

The data used in this paper are from the Ghana Living Standards Survey

(GLSS), a comprehensive household survey implemented by the Ghana Statistical

Service (GSS) on random samples of households throughout Ghana. Details of

the first year of the survey (1987-88) can be found in Scott and Amenuvegbe

(1989), and Glewwe and Twum-Baah (1990). One half (1586) of the households

interviewed in the second year (1988-89) participated in an exercise in which

persons from age 9 to 55 were given written tests covering reading (in

English), mathematics and abstract thinking. In addition, information was

collected on local schools, whether attended by household members or not.

Table 1 provides mean scores on both very simple (8 questions each)

mathematics and reading tests as well as more difficult tests (29 questions

15Any child who has completed primary school could take the CEE; passing the
exam allows the child to go immediately to the secondary stream (i.e., bypass
middle school). This rarely happens, but even so, our sample selectivity
techniques account for this by treating such children as "early starters".

16All individuals took the last test, but only those with three or more years
of schooling took the mathematics and reading tests.
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Table 1: Mean Test Scores - All Ghana

GRADE Simple Math Simple Reading Long Math Long Reading

Primary
3 2.57 (162) 0.16 (162) 0.87 (162) 0.18 (162)
4 3.61 (160) 1.02 (160) 1.73 (155) 1.00 (158)
5 4.12 (121) 1.12 (121) 2.18 (118) 1.07 (121)
6 4.61 (109) 2.00 (109) 4.06 (105) 2.72 (108)

Middle/JSS
7 4.80 (109) 3.09 (109) 3.89 (104) 3.98 (105)
8 4.84 (114) 3.56 (114) 4.39 (110) 4.21 (112)
9 5.61 ( 83) 4.65 ( 83) 6.55 ( 80) 6.54 ( 82)
10 5.95 (152) 5.66 (152) 8.29 (144) 9.86 (146)

Secondary
1 6.52 ( 23) 6.17 ( 23) 9.71 ( 21) 12.19 ( 21)
2 6.95 ( 19) 7.32 ( 19) 12.53 ( 17) 17.31 ( 16)
3 6.67 ( 15) 7.40 ( 15) 12.07 ( 15) 19.27 ( 15)
4 6.85 ( 13) 7.46 ( 13) 13.58 ( 12) 20.00 ( 12)
5 7.20 ( 30) 7.53 ( 30) 15.96 ( 23) 21.48 ( 23)

A-Level
1 7.75 ( 4) 7.50 ( 4) 22.25 ( 4) 24.50 ( 4)
2 7.56 ( 9) 7.89 ( 9) 20.63 ( 8) 23.38 ( 8)

Notes: 1. Sample sizes of means are in parentheses.

2. Persons who scored 4 or less on a simple test were given a score of
zero for the respective long test.
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for reading and 36 questions for mathematics). The mean scores on the simple

reading test are particularly shocking. Even after 6 years of school the mean

score was 2 out of 8, which is exactly what one would expect if the students

guessed randomly on the test (the simple reading test was multiple choice,

with four possible responses for each item). Obviously, many students simply

gave up and did not complete the test. Middle school scores are still low,

but there is more variation to analyze.

This paper focuses on those children who have completed primary school

(grades 1-6) and have thereby made decisions regarding middle school (grades

7-10). We take as our initial sample all children aged 11 to 20, which

includes virtually all children presently attending middle school. As seen in

Table 2, there are 1639 such students in the 1586 households, yet it is worth

noting that 541 of these are living in households away from their mothers; in

Ghana, as in many other West African countries, it is common for older

children to live away from their parents (cf. Ainsworth, 1990). Many of these

children have left their parents in order to attend school, and are living

with relatives or family friends. We assume that it is the parents who make

schooling decisions for their children, so we require data on children's

households of origin in the empirical analysis (in cases where the mother and

father do not live in the same household we choose the mother's household as

the household of origin). Hence, the 541 children living away from their

mothers are dropped from the sample, since the GLSS data tell us very little

about their households of origin. Of course, the remaining 1098 children who

do live in their household of origin are not a random sample of the population

17Although in the earlier primary grades native African languages are promoted,
English language instruction is introduced by the 4th grade and receives
a great deal of emphasis thereafter.
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Table 2: Sample of Children 11-20, Ghana Living Standards Survey

Child in Sample Mother in Sample

Mother not Mother and Child in Child not
in Sample Same Household in Sample

541 1098 538

Total Sample by Household of Origin
1636 (1399)

Never Attended School Presently in Finished School
351 (289) School 452 (378)

833 (732)

In Primary School In Middle School In Secondary School
374 (325) 361 (322/302) 98 (85)

Attends Unknown Local Attends Nearest Attends Other Attends Far
School School Local School Away School
38 (33) 157 (142) 67 (61) 99 (66)

Notes: 1. Numbers in parentheses indicate those children with complete data. For
example, of the sample of 1636 children by household of origin, we lose
41 from 2 clusters for which school data are missing and one cluster
that has no middle school, 147 due to father's education missing and
47 due to other missing variables.

2. Of the 361 children presently in middle school, 322 have adequate data
for estimation in the 2 ordered probit models (which require only
cluster means of school characteristics) and 302 have adequate data for
estimates of the schooling choice model.



24

of 11 to 20 year olds in Ghana. To them we add 538 children aged 11-20 who

have moved away from their parents' households; the GLSS contains information

on these children, including whether or not they are presently enrolled in

school. Thus we have a random sample based on the household of origin.

Of the 1639 children in our sample, 833 are currently enrolled in school

and 803 are not. Of those not in school, 452 have finished schooling and 351

* *

have had no schooling at all (i.e., t1 = to = 0). Of those in school, 374 are

still in primary school, 361 are in middle school and 98 are in secondary

school or beyond. Among the middle school students are 157 who attend the

nearest school, 67 who attend other local schools and 99 attending non-local

schools (living away from home). Finally, 38 go to a local school but we do

not know which one. The numbers in parentheses in Table 2 indicate those

children for whom the data are complete.

Specification of the School Attainment and Late Starting Regressions

To control for selectivity into our sample of children aged 11-20

currently attending middle school we estimate the determinants of years of

* *

schooling completed (= t1 - to)> as well as the determinants of the number of

years after the normal age of primary school entry the child began school

(t0) Years late are thus calculated by subtracting years completed plus six

from the child's age. Grade attainment can be estimated for all children in

the sample, while years late can only be estimated for those who have attended

school at some point (since late starting is undefined for persons who never

attend school). Assuming that the unobserved components in both decision

rules are normally distributed, the models can be estimated using ordered

probits. We also estimate the two ordered probits jointly to test for

correlation across decision rules.
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A key point for identifying selectivity correction terms in the cognitive

skills regressions below is the way school characteristics are specified in

the discrete choice models. In the ordered probits, we include the mean

characteristics of all local schools, as opposed to the characteristics of the

schools actually attended because: 1) specific school characteristics are not

known for children who have never attended school and for many of the children

who have finished their schooling; and 2) we have argued that these specific

school characteristics are themselves objects of choice, whereas the means of

characteristics are not subject to this criticism.18 Mean characteristics of

local primary schools are also used (and thus also serve as identifying

variables) in both probits, since school quality and attendance costs over the

whole life-cycle influence schooling decisions.

Our choice of explanatory variables is guided by (2.7). Recall that the

learning efficiency parameter b depends in part on the characteristics of the

relevant schools. We have detailed middle and primary school questionnaires

that provide a potentially vast array of school characteristics. There are so

many that we must reduce the list of regressors considerably. Appealing to a

World Bank review of evidence on the effect of school characteristics on

student achievement (Fuller, 1986), we focus on the availability of textbooks

and other instructional materials as well as teacher education and training. 19

The GLSS also records data on the travel time to each school and the school

18The fact that children move away from home to attend non-local schools is not
a problem since we examine local school variables of the household of origin.
The GLSS migration data indicate that it is rare for entire households to move
for the purpose of securing a better school for the children.

19We divide the number of textbooks in the school by the number of rooms rather
than, as is commonly done, by the number of students, because we essentially
treat the number of students in a school as endogenous in this paper.
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fee (d and f, respectively, in (2.7)).

Now turn to the individual and household level variables (all variables

used in the regressions are defined in Table 3). Age and sex of the child are

included along with sets of regional, religious and ethnic dummy variables.

Guided by the theoretical model, we use the logarithm of per-capita

consumption expenditures (as calculated by Glewwe and Twum-Baah, 1990) to

control for family income. But first we regress log expenditures on a set of

instruments alluded to earlier, and form the residuals. Using the Two-Stage

Conditional Maximum Likelihood argument of Rivers and Vuong (1988), these

estimated residuals are included along with actual expenditures as regressors

in all our discrete choice models to control for the endogeneity of

consumption.

Also, in keeping with the theoretical discussion, the village level male

agricultural wage is included to capture variation in the rental price of

21
human capital. Landholdings, which are predominantly inherited, are used to

proxy initial asset holdings. Number of siblings and the birth order of the

child are also included, for reasons indicated in the previous section.

Finally, although some researchers (e.g., Boissiere, Knight and Sabot,

1985) have used scores on the Raven's (abstract thinking) test as indicators

of innate ability, a child's score on the test was never intended to be

interpreted as being independent of his or her educational background.

However, one can estimate an indicator of innate ability using the Raven's

20 Instruments include mean village per capita expenditures, the schooling, sex
and age of the head of household, household size and other household
composition variables, and the value of livestock and of capital of household
enterprises.
21The wage of unskilled agricultural labor can be thought of as the intercept
term in a standard wage equation.
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Table 3t Variable Definitions

COAST, FOREST, SAVANNAH - Dummy variables indicating residence of mother's
household. Accra, the capital, is the omitted variable.

SEMI-URBAN, RURAL - Dummy variables indicating degree of urbanization of
mother's household. Rural areas are communities with under 1500
residents and semi-urban communities have 1500-4999 residents. The
omitted variables are urban communities (more than 5000 residents).

SEX - Dummy variable indicating female individual.

AGE - Age of individual in completed years.

ABILITY - Fixed effect estimate of innate ability based on parent's and child's
scores on Raven's Progressive Coloured Matrices test.

MOTHER'S/FATHER'S YEARS SCHOOLING - Number of years of schooling attained by
each of the child's parents.

ABILITY MISSING - Dummy variable indicating no fixed effect ability estimate
available for child. In such cases ABILITY is set equal to the sample
mean.

MUSLIM, CATHOLIC, PROTESTANT, OTHER CHRISTIAN, TRADITIONAL RELIGION - Dummy
variables indicating religion of head of household.

AKAN, EWE, GA-ADANGBE - Dummy variables indicating ethnic group of household.

MALE AGRICULTURAL WAGE - Daily real wage rate for male agricultural labor, in
Cedis.

WAGE DATA MISSING - Dummy variable indicating that data on male agricultural
wage are not available.

CHILD ORDER - Rank of child in terms of siblings on mother's side.

SIBLINGS - Number of children the child's mother has had, excluding those that
died.

LOG PER CAPITA EXPENDITURE - Natural logarithm of consumption expenditures per
capita of the mother's household.

EXPENDITURE RESIDUAL - Difference between actual and estimated log per capita
expenditures.

LAND OWNERSHIP - Acres of agricultural land owned by the household.

TRAVEL TIME - Travel time from the mother's household to the nearest school of
a given type, in minutes.

AVG. TEACHER EXPERIENCE/SCHOOLING/TRAINING - School-wide averages of teachers'
years of teaching experience, general schooling and teacher training,
respectively.

BLACKsoARDS - Fraction of school's classrooms that have blackboards.

LIBRARY - Dummy variable indicating that the school has a library.
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Table 3 Continued:

BOOKS/ROOM - Number of textbooks divided by number of classrooms. In middle
schools this is broken down into new JSS curriculum and old Middle School
curriculum.

LACK OF DESKS - Indicates that the school lacks desks or tables for some
children.

ENROLLMENT FEE - Annual school fee, which for middle schools is separated into
JSS grades (7 and 8) and Middle School grades (9 and 10).

JSS ONLY - Indicates the school was newly organized and only has JSS grades (7
and 8).

DENY ADMISSION - Dummy variable taking the value of one if school does not admit
all children who want to enroll, zero otherwise.

SHED/UNUSABLE/LEAKY CLASSROOMS - Indicates proportion of total classroom which
are of very simple construction, are completely unusable, or cannot be
used when it rains, respectively.

NO WATER/NO ELECTRICITY - Dummy variables indicating that school has no water or
no electricity, respectively.

PRIVATE - Dummy variable indicate that the school is private.

COMPLETE SCHOOL - Dummy variable indicating that the primary school has all 6
grades.

PMATH/PREAD - Village averages of mathematics and reading scores among children
now attending local primary schools.
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scores by assuming that innate ability is one of several factors that jointly

produce the Raven's scores and that innate ability is inherited by children

from their parents. Assume that scores of parents and children depend on age,

years in school and innate ability:

(3.1) R.i = I + 13 YS. + (32AGE. + (3 AGE2 + u. for-i=f m
1 i i 2 3 1 1

R = (I1+I )/2 +0Y G G 2 U+
c m f 2 Y1 Sc + 2 AGE c 3A Ec c 'C

where the subscripts f, m and c indicate father, mother and child,

respectively, Ii is innate ability, YS. is years of schooling and the
1 1

inheritance of innate ability is a simple average of the parents innate

ability plus a random term 7. The innate ability terms in (3.1) can be

estimated as a family fixed effect in any household for which Raven's scores

are available for both parents and at least one child. These estimates of

innate ability can then be used in the subsequent estimation steps.

Specification of the Schooling Choice Decision

Because schools are chosen, their characteristics cannot be treated as

exogenous when estimating their impact on the attainment of cognitive skills.

We adopt a switching regression model for accumulation of cognitive skills

analogous to those used in estimating the determinants of wages when the type

of job is an individual choice. This requires estimates of the probabilities

of choosing different schools, i.e., a discrete choice model. A practical

concern is how to aggregate a large number of options to get a tractable

22If only one parent has a Raven score that score alone is used.
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empirical model. We aggregate the household's myriad options into three

schooling choices: the school nearest to the household in terms of travel

time; all other schools within walking distance of the household; and all

other (non-local) schools in Ghana. Means of local school quality variables

(excluding the nearest school) are used in the case of the other local school

option. The utility from the faraway option is normalized to zero, as its

school characteristics do not vary over households. The coefficients on the

individual and household level characteristics are allowed to vary across

options, but those on the school characteristics cannot be allowed to vary

across schooling options.

In order to assess the robustness of our switching regression to

distributional assumptions, we estimate two models: the multinomial logit and

multinomial probit. The former assumes that the error term in equation (2.11)

follows a type I extreme value distribution while the latter assumes that it

follows a normal distribution. Both models can be estimated so as to allow

for correlation of the residuals across schooling choices.

Estimation of Human Capital Accumulation

Our ultimate objective is to estimate the determinants of cognitive

skills as measured by test scores. Denote the test score of individual i in

school j by Aij, the vector of individual and household characteristics by Xi,

2 3For about 10% of the sample no other local school option exists. Also, for
11% of the sample we know that a local schooling option has been chosen but we
do not know if it is the nearest or another local school. In both cases it is
straightforward to accommodate the observations in the likelihood function.

24Actually, one can only estimate the difference in the coefficients on the
individual and household characteristics; we identify these differences by
setting the coefficients on the faraway option equal to zero.
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and the vector of characteristics of the school attended by Z.ij Since we do

not observe test scores for children who have left home to attend a far away

school, we have the following switching regression model

(3.2) in A O+ X+ lin if j = nearest school

ill = + i1+ Z1 2 il+ u if j = other local school

Notice that the coefficients on all of the regressors are constrained to be

equal across choices, but that the error terms are different, each with a

different (nonzero) conditional mean. We replace each conditional mean term

by the appropriate inverse Mills' ratios (denote these as A and A1'

respectively), constructed from the previously estimated discrete choice

models. Now, dropping the school subscript, we can write the model as

(3.3) hi4. 1 + S1 tj D A + 5(1 - D )A + e.
( )~~ i SO i1 i 2 n i n ( i) I i

where D. is a dummy variable indicating whether the child i attends the

nearest school (and equals zero if he or she attends another local school).

In addition to X and All two other selectivity terms are included in (3.3) to

control for selection into the sample, as described in the previous section.

We assume zero correlation across decision rules, although we later

(partially) test this assumption.

Besides excluding from (3.3) the characteristics of middle schools that

the child chose not to attend, local primary school characteristics can also

be used to identify the selectivity terms. Our model suggests that primary

school characteristics enter (2.8) only through Ho} the pre-middle school



32

stock of human capital. We control for Ho in (3.3) by using the mean test

scores of local primary school students. Any residual effect of primary

school characteristics on test scores is thus assumed to be an artifact of

selectivity; namely, children who went to better primary schools are more

likely to go on to middle school.
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V. Estimation Results

Determinants of Middle School Enrollment

We first estimate ordered probits for school attainment and late

starting. The separate estimates are reported in Tables 4 and 5,

respectively. Both tables show two estimates, a "full model" that includes a

large number of individual and school characteristics, and a "parsimonious

model" that drops those having low t-statistics in the "full model".25 Joint

estimation (not reported here) revealed no significant correlation across the

random components in these two decision rules. Specification tests of the

distributional assumption of these two ordered probit models were mixed. The

hypothesis of a normal distribution of the error term could not be rejected

for the late starting estimates, while for the school attainment estimate the

hypothesis could be rejected at the 95% significance level but not the 99%

significance level.26

Focusing on the statistically significant coefficients in Table 4,

children in the Northern Savannah area of Ghana, and to a lesser extent

children in semi-urban areas display lower school attainment. Children from

Muslim, "other Christian," and traditional religion households have lower

attainment than those from Catholic and Protestant Christian households (and

25Specifically, individual level variables with t-statistics less than 1 was
dropped and school variables with a t-statistics below 0.5 were dropped
(school variables were treated less parsimoniously because they are of
particular interest). In some cases this rule was modified for variables that
are naturally paired or grouped.

26 The X2 statistics (2 degrees of freedom) were 1.77 for (parsimonious) late
starting and 6.84 for (parsimonious) school attainment. See Glewwe (1991a)
for details of this test.
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Table 4: Ordered Probit, School Attalnment

Full Model Parsimonious Model Standard
Individual Variables Coefficient t-stat Coefficient t-stat Mean Deviation

Constant -1.3331 -0.65 -1.5518 -1.26 1.0000 --
Coast -0.2827 -0.82 -- -- 0.1951 --

Forest -0.3195 -1.00 -0.0716 -0.60 0.5139 --
Savannah -1.0999 -2.68 -0.8190 -4.95 0.2187 --
Semi-Urban -0.2708 -1.59 -0.2285 -1.83 0.2244 --
Rural -0.0796 -0.44 -- -- 0.4482 --
Sex -0.7271 -9.15 -0.7196 -9.26 0.4882 --
Age -0.0176 -1.08 -0.0176 -1.13 15.2030 2.77
Mother's Years SchooLing 0.0436 3.16 0.0455 3.44 2.5540 4.32
Father's Years Schooling 0.0560 5.47 0.0581 6.02 5.2538 5.88
AbiLity 0.0586 3.77 0.0582 3.89 12.5142 3.04
Ability Missing -0.0747 -0.81 -- -- 0.3059
Muslim -0.5180 -1.98 -0.4912 -3.44 0.1523
Catholic -0.0309 -0.12 -- -- 0.1515
Protestant -0.2502 -1.01 -0.2096 -1.53 0.2287
Other Christian -0.3788 -1.56 -0.3430 -2.37 0.1773
Traditional Religion -0.4624 -1.91 -0.4244 -3.43 0.2466 --
Akan 0.0368 0.26 -- -- 0.4546 --

Ewe 0.3841 2.21 0.3273 2.54 0.1744 --
Ga-Adangbe 0.5852 1.83 0.5602 2.14 0.0415 --
Male AgricuLtural Wage -0.0017 -2.00 -0.0016 -2.08 131.3324 168.80
Wage Data Missing -1.1033 -3.29 -1.0338 -3.52 0.5904
Child Order 0.1088 3.27 0.1080 3.48 2.9192 1.63
SibLings -0.0478 -1.88 -0.0440 -1.97 5.5061 2.08
Log Per Capita Expenditures 0.2815 2.69 0.2821 3.45 10.7970 0.57
Expenditure Residual -0.0031 -0.03 -- - 0.0020 0.53
Land Ownership 0.0004 1.17 0.3596 1.20 7.3661 14.47

Cluster Means of Local Middle Schools
Travel Time to Nearest Middle School -0.0038 -1.63 -0.0045 -2.23 24.6160 33.20
Average Teacher Experience (years) 0.0615 1.93 0.0645 2.96 6.3681 3.14
Average Teacher Schooling (years) 0.0144 0.20 -- -- 13.5110 1.19
Average Teacher Training (years) 0.0616 0.50 -0.0634 -0.74 2.3990 0.61
Blackboard 0.6069 1.41 0.6350 1.74 0.8887 0.20
Library 0.2849 0.98 0.3123 1.20 0.0838 0.20
Books per Room (Middle) -0.0109 -1.30 -0.0011 -1.73 9.4860 7.79
Books per Room (JSS) 0.0011 0.43 -- - 49.2190 26.75
Lack of Desks -0.2012 -0.56 -0.1338 -0.67 0.1077 0.26
Enrollment Fee 0.2488 1.21 0.1588 0.95 223.9900 411.49
JSS Only -0.0910 -0.32 -- -- 0.1695 0.30
Deny Admission 0.3594 1.05 0.3873 1.40 0.1051 0.17
"Shed" Classrooms -0.0929 -0.25 -- -- 0.1160 0.18
Unusable Classrooms -0.0225 -0.04 -- -- 0.0857 0.16
Leaky Classrooms -0.4603 -1.63 -0.4894 -2.18 0.1530 0.21
No Water 0.1155 0.35 -- -- 0.8601 0.28
No Electricity -0.1726 -0.62 -0.1442 -0.70 0.8555 0.28
Private 0.1682 0.25 -- -- 0.0220 0.10

Cluster Means of Local Primary Schools
Travel Time to Nearest Primary School -0.0039 -0.97 -0.0036 -0.97 12.6760 14.02
Average Teacher Experience (years) -0.0264 -1.02 -0.0243 -1.32 9.1339 3.23
Average Teacher Schooling (years) -0.0317 -0.79 -0.0221 -0.71 11.6835 1.76
Average Teacher Training (years) 0.0233 0.22 -- -. 2.5874 0.98
Blackboards 0.3914 0.70 0.4878 0.99 0.9039 0.12
Books/per Room 0.0000 0.00 -- -- 51.7810 31.06
Lack of Desks 0.1026 0.36 -- -- 0.2449 0.36
Enrollment Fee -0.3811 -0.68 -0.2575 -0.52 122.8060 128.23
Deny Acdnission -0.2958 -1.51 -0.2560 -1.51 0.2732 0.30
CompLete School (All 6 Grades) -0.5068 -0.66 -0.4712 -0.73 0.9571 0.11
"Shed" Classrooms -0.4280 -1.13 -0.3850 -1.32 0.1815 0.21
UnusabLe Classrooms 0.6929 1.18 0.5737 1.20 0.0705 0.11
Leaking Classrooms -0.7350 -1.87 -0.6663 -2.38 0.2772 0.22
No Water 0.6243 1.97 0.4836 1.99 0.8782 0.23
No Electricity 0.0087 0.02 -- -- 0.9136 0.18
Private -0.3501 -0.62 -0.1795 -0.43 0.0554 0.14

Log Likelihood -1,352.741 -1,354.907

Sample Size 1,399 1,399

Note: The dependent variable is years of schooling completed. The tuition variables were divided by 1000 in
the estimation but the means are the actual means.
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those from "other religion" households, the omitted category), possibly

reflecting the fact that most schools in Ghana were organized by Catholic and

Protestant churches and many retain at least nominal affiliation to those

churches. Finally, Ewe and Ga-Adange children go further in school than other

ethnic groups. Girls have significantly lower educational attainment than

boys. Both mother's and father's educational levels enhance school

attainment. Also, the innate ability measure, calculated as a fixed effect

from the child's Raven score (see Table 1 of Appendix 2 for this regression),

is positively associated with attainment.

Both log per capita expenditures (which represents family income) and

agricultural wages have the expected signs. Thus, poorer households remove

their children from school earlier, supporting the proposition that they

cannot borrow to finance human capital investment. Also, children in high

wage villages appear to face greater opportunity costs of schooling.

Household demographic structure also affects child school attainment. Later

born children go to school longer than their older siblings; in terms of the

model, parents appear to remove their older children from school earlier to

finance the subsequent schooling of younger siblings. Also, children from

larger families have lower school attainment. Both these results are

consistent with the credit constraints hypothesis.

The remaining variables in Table 4 are indicators of school quality and

27Note that the insignificance of the expenditure residual indicates that
conventional standard errors are appropriate.

28 However, other interpretations are possible. For example, schooling may be a
consumption good as well as an investment good. Also, income may simply be
serving as a proxy for unobserved family background factors. Here we do not
attempt to choose between the two interpretations.
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school costs. On the cost side, travel time to the nearest middle school has

a significant negative effect on school attainment, but middle school tuition

has no significant effect. The primary school travel time and enrollment fee

variables have no significant effect, though they have the expected signs.

Although many of the middle school quality variables have statistically

insignificant coefficients, the highest t-statistics greater than 2 show the

expected signs. Specifically, teacher experience has a positive effect on

school attainment while leaking classrooms (those that cannot be used when it

rains) have a negative effect. Of the two variables significant only at the

10% level, one has the expected sign (blackboards) but the other does not

(books per room-middle). Primary school quality variables also have generally

weak effects on school attainment (only two have coefficients significantly

different from zero at the 5% level and no additional ones at the 10% level),

which may reflect the fact that primary school quality changed since schooling

decisions where made for the children in our sample. Leaking classrooms and

private schools all have a negative effect on school attainment, as one would

expect, but lack of water has an unexpected positive effect.

Table 5 displays the results of the ordered probit for late starting for

1110 individuals who formerly attended or are currently enrolled in school.

If children frequently repeated grades, then our measure of years late (age -

grades completed - 6) would confound late starting and grade repetition, and a

child's age would be positively related to years late. But grade repetition

is uncommon in Ghana, and indeed the age of the child has a negative effect on

late starting in Table 5.

29The mean primary school enrollment fee is only 123 Cedis (about forty U.S.
cents) and the mean travel time to the nearest primary school is only 13
minutes.
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Table 5: Ordered Probit, Late StarUng

Fult Model Parsimonious Model Standard
IndividuaL Variables Coefficient t-stat Coefficient t-stat Mean Deviation

Constant 3.5886 1.86 3.9705 2.56 1.0000 -
Coast 0.4465 1.64 0.1994 1.87 0.2081 -
Forest 0.2418 0.93 -- - 0.5838 -
Savannah -0.0157 -0.05 -- 0.1216 -
Semi-Urban -0.0879 -0.53 -- -- 0.2279 -
Rural -0.2371 -1.34 -0.1493 -1.18 0.4054
Sex -0.3130 -4.02 -0.2922 -3.89 0.4468 -
Age (years) -0.0807 -5.41 -0.0835 -5.94 15.1342 2.82
Mother's Schooling (years) -0.0304 -2.87 -0.0332 -3.65 3.0892 4.61
Father's Schooling (years) 0.0011 0.14 -- -- 6.3009 5.97
Ability Estimate -0.0273 -1.95 -0.0323 -2.46 12.6009 3.23
AbiLity Missing -0.0370 -0.42 -- -- 0.2928
Muslim 0.0423 0.18 -- -- 0.1324
Catholic -0.0362 -0.17 -- -- 0.1631
Protestant -0.1522 -0.73 -- -- 0.2757
Other Christian -0.2904 -1.39 -0.2278 -2.23 0.1973 -
Traditional ReLigion 0.2533 1.20 0.2556 2.46 0.1802 -
Akan -0.1159 -0.83 -- -- 0.5234 -
Ewe -0.2413 -1.57 -0.1562 -1.45 0.2054 -
Ga-Adangbe 0.1151 0.51 -- -- 0.0486 -
Male Agricultural Wage 0.0031 3.55 0.0031 4.28 136.9634 170.81
Wage Data Missing 1.1516 3.21 1.1855 4.19 0.5784 -
Child Order 0.0074 0.24 -- -- 2.9829 1.66
Siblings -0.0288 -1.07 -0.0253 -1.31 5.5252 2.06
Log Per Capita Expenditures -0.2674 -2.28 -0.3054 -2.86 10.8382 0.56
Expenditure Residual 0.0692 0.58 -- -- -0.0043 0.50
Land Ownership 0.0001 0.35 -- -- 63.1432 139.97

Cluster Means of Local Middle Schools
Travel Time to Nearest Middle School 0.0038 1.65 0.0044 2.44 19.0405 25.41
Average Teacher Experience (years) 0.0091 0.31 -- -- 6.9382 3.02
Average Teacher Schooling (years) 0.1619 2.63 0.1618 3.27 13.5881 1.10
Average Teacher Training (years) 0.0989 0.95 0.1072 1.51 2.4149 0.57
Blackboard 0.3579 0.86 0.2953 0.82 0.9119 0.14
Library -0.0730 -0.29 -- -- 0.0961 0.22
Books per Room (Middle) -0.0069 -1.00 -0.0046 -0.74 9.5497 7.55
Lack of Desks -0.0362 -0.10 -- -- 0.0997 0.24
Enrollment Fee -0.2625 -1.48 -0.2248 -2.20 241.8324 444.74
JSS Only 0.2556 1.02 0.1884 0.96 0.1215 0.24
Deny Admission -0.3212 -0.95 -0.2512 -0.90 0.1083- 0.18
"Shed" Classrooms 0.0538 0.17 -- - 0.1225 0.18
Unusable CLassrooms -0.0666 -0.14 -- -- 0.0699 0.14
Leaky CLassrooms -0.4404 -1.68 -0.4272 -1.98 0.1493 0.20
No Water -0.5285 -1.93 -0.4629 -2.27 0.8486 0.30
No Electricity 0.2743 1.24 0.2455 1.33 0.8324 0.29
Private -0.1865 -0.33 -- -- 0.0222 0.09

Cluster Means of LocaL Primary Schools
Travel Time to Nearest Primary School 0.0001 0.01 -- -- 11.9937 13.35
Average Teacher Experience (years) -0.0271 -1.13 -0.0204 -1.12 9.5620 3.13
Average Teacher Schooling (years) -0.0562 -1.70 -0.0532 -1.89 11.8293 1.89
Average Teacher Training (years) -0.1273 -1.39 -0.1125 -1.92 2.6597 0.99
Blackboard -0.1168 -0.24 -- -- 0.9136 0.11
Books per Room 0.0014 0.64 0.0019 1.11 52.2338 30.56
Lack of Desks 0.1861 0.66 0.1285 0.94 0.1984 0.32
Enrollment Fee 0.1351 0.25 -- -- 134.5566 131.43
Deny Admission 0.2274 1.30 0.2827 1.95 0.2860 0.30
Complete School (All 6 Grades) -0.9042 -1.18 -0.9577 -1.59 0.9732 0.08
"Shed" Classrooms 0.5306 1.61 0.5162 2.32 0.1778 0.20
Unusable Classrooms -0.1203 -0.21 -- -- 0.0716 0.11
Leaky Classrooms -0.1601 -0.45 -- -- 0.2578 0.22
No Water 0.6495 2.10 0.5940 2.71 0.8682 0.24
No ELectricity 0.3331 1.03 0.2670 0.97 0.9009 0.19
Private 0.1532 0.33 -- -- 0.0572 0.15

Log Likelihood -1,468.956 -1,474.498

Sample Size 1,110 1,110

Note: The dependent variable is years delayed enrollment after age six. The enrollment fee variables were
divided by 1000 in the estimation, but the means are the actual means.
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Although Table 4 shows that girls do not go as far as boys in school,

girls have a significant and substantial tendency to start at a younger age.

Mother's schooling also has a strong negative effect on late starting and

greater child innate ability leads to earlier enrollment in school. Children

from "other Christian" households are less likely to start late, while

children from households practicing traditional African religions are more

likely to be late starters. There is no significant impact by ethnic group.

Table 5 also indicates an important role for economic variables in

explaining late entry of children into school. Children in high wage villages

are much more likely to start late, as are children from poorer households.

Both of these findings are consistent with the theoretical model when school

fees are present.30 In contrast to the school attainment estimates, household

demographic structure has no significant effect on the timing of human capital

investment.

In looking at the estimated effects of school characteristics it should

be kept in mind that, since late starting is a decision made prior to primary

school, primary school characteristics are likely to make more of a difference

than middle school characteristics. Five of the primary school quality

coefficients have t-statistics of about 1.9 or higher, and all have the

expected signs, in that higher quality leads to earlier school entry. More

experienced and more highly trained teachers reduce late starting, while

selective admissions, "shed" classrooms and lack of electricity make children

start later.

Although 5 middle school characteristic variables have t-statistics of

30Although viewing schooling as a consumption good may explain the positive
correlation between schooling and household expenditure levels in Table 4, it
is not clear that this would explain the negative correlation of expenditure
with late starting.
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2.0 or higher, these effects are for the most part perverse. Greater travel

time to the nearest middle school leads to more late starting, as one would

expect. Better educated middle school teachers, on the other hand, promote

late starting, while middle school enrollment fees, lack of water and

leaking classrooms have negative effects. If middle enrollment fees are

capturing some unmeasured aspects of school quality, then the negative effect

is not surprising. The other results are more difficult to explain.

To summarize this subsection, the two decision rules governing the

selection into the sample of children aged 11 to 20 who presently attend

middle school are by and large consistent with expectations, although a few

exceptions are found. Since some of the school quality characteristics affect

how far children go in school and at what age they start, care should be taken

when estimating the impact of school quality on cognitive skills. Before

proceeding with this estimation, the next subsection examines how families who

have decided to send their children to middle school choose among the various

schools available.

Choice of Middle School

Next we analyze the school choice of the 302 children currently enrolled

in middle school. Multinomial logit and probit estimates are given in Tables

6 and 7, respectively. The parameter estimates are very robust to these

distributional assumptions, so they will be discussed together. Variables are

dropped from the logit and probit specifications using the same rule as in

Tables 4 and 5. Note also that the parsimonious version of the logit model is

nested, i.e. the utilities of the nearest and other local options are allowed
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31
to be correlated. This correlation coefficient (sigma) is significantly

different from zero and one, implying that nesting is necessary.

In reading Tables 6 and 7, note that the underlying choice model implies

that school attributes that are attractive to parents should have positive

coefficients while those that are unattractive should have negative ones.

Almost all of the 12 school variables in the tables have the expected signs,

although not always significantly so. At roughly the 5% level, the presence

of a library and (middle school) textbooks make schools more attractive, while

greater travel time, better trained teachers, and a lack of water make them

less attractive. The negative effect of teacher training may reflect the poor

state of teacher training in Ghana (see World Bank, 1989), although a negative

coefficient seems implausible.

In both the nearest and other local columns, the parameters on the

individual variables show the relative utility of the option with respect to

the faraway option. For example, the (weakly significant) negative

coefficients on fathers' schooling indicate that better educated parents

derive higher utility by sending their children to far-away schools.

Interestingly, having more siblings increases the chances a child will attend

school away from the household of origin, even after controlling for the

income of the household (using the expenditure variable). Finally, higher

income also encourages parents to educate their children outside their

village.

31They are viewed as more similar to each other than to the faraway school
option because the latter implies that the child moves away from home.
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Table 6: Multinominal Logit Model of Choice of Middle School

Full Model Parsimonious Model
School Variables

Coeff. t-stat Coeff. t-stat
Travel Time to School (in minutes) -0.0124 -1.17 -0.0220 -1.96
Average Teacher Experience (years) 0.0212 0.41 -- --
Average Teacher Schooling (years) -0.0532 -0.26 -- --
Average Teacher Training (years) -0.6041 -1.55 -0.7419 -2.09
Blackboard 1.0871 0.57 0.4535 0.34
Library 1.5378 1.68 2.1125 2.67
Books per Room (Middle) 0.0304 1.21 0.0309 1.66
Books per Room (JSS) -0.0005 -0.07 --
Lack of Desks -0.2508 -0.29 
Enrollment Fee -0.0001 -0.09
JSS Onty -0.8569 -0.87 -0.8724 -0.94
Deny Admission -0.8237 -0.94 -0.5184 -0.79
"Shed" Classrooms -0.7857 -0.84 -0.4225 -0.60
Unusable Classrooms -0.4225 -0.29 -- --
Leaky Classrooms -0.3257 -0.35 -- --

No Electric -1.0436 -1.31 -0.9174 -1.47
No Water -2.4505 -1.72 -3.0456 -2.88
Private 2.1607 0.97 2.1774 1.05

Other Variable Nearest Other Local Nearest Other Local

Coeff. t-stat Coeff. t-stat Coeff. t-stat Coeff. t-stat
Constant 27.2001 2.78 26.3863 2.38 32.6017 3.24 30.5537 2.52
Coast -0.4296 -0.25 -1.3797 -0.94 -- -- -- --

Forest -0.3390 -0.20 0.0239 0.02 -- -- -- --
Savannah 1.6002 0.72 0.3507 0.14 -- -- -- --
Semi-Urban 1.3040 1.16 -1.9927 -1.36 1.0653 1.11 -2.3943 -1.97
Rural 1.7507 1.66 -1.5623 -1.21 1.6995 1.92 -1.1913 -1.15
Sex -0.0494 -0.10 -0.6102 -0.91 -- -- -- --
Age (years) -0.1129 -0.84 -0.0684 -0.45 -- -- --

Mother's Schooling (years) -0.0891 -1.32 0.0373 0.41 -0.1046 -1.30 0.0233 0.27
Father's Schooling (years) -0.0544 -1.14 -0.0957 -1.37 -0.0578 -0.98 -0.1444 -1.84
Ability -0.0908 -1.33 -0.1223 -1.52 -0.1026 -1.15 -0.1151 -1.23
Ability Data Missing -1.2803 -2.26 -0.2239 -0.25 -1.5596 -1.78 -1.2127 -1.24
Child Order 0.1034 0.59 -0.1742 -0.70 -- -- -- --
Siblings -0.3776 -2.33 -0.3294 -1.62 -0.3437 -1.99 -0.4057 -2.06
Muslim 0.7416 0.44 0.9731 0.40 -- -- --
Catholic 1.1924 0.73 2.3430 1.03 -0.9371 -0.80 -0.2828 -0.21
Protestant 1.0493 0.71 2.1625 1.00 0.4232 0.57 -0.0083 -0.01
Other Christian 1.1120 0.75 1.9226 0.94 -- -- -- --
Traditional Religion 0.1278 0.08 1.9169 0.84 -- -- -- --

Akan -0.5844 -0.58 0.1990 0.13 -- -- --
Ewe -0.1650 -0.16 -1.8433 -1.36 -1.0445 -1.27 -0.3011 -0.30
Ga-Adangbe -0.3802 -0.24 -2.9712 -1.28 -0.8402 -1.35 1.1243 1.43
Male Agricultural Wage 0.0036 0.56 0.0060 0.57 -- -- --
Wage Data Missing 1.4702 0.66 2.9245 0.82 -- -- -- --

Log Per Capita Expenditures -1.7413 -2.43 -1.7347 -2.06 -2.0161 -2.19 -1.7437 -1.94
Expenditure Residual 2.3825 2.75 2.4011 2.18 3.0567 2.41 2.6539 1.99
Land Owned 0.0069 0.22 0.0447 0.94 -- - -

Sigma 0.6084 3.24

Log Likelihood -186.554 -200.153

Sample Size 302 302

Note: The value of sigma was set equal to 1 in the full model. Allowing sigma to vary led to a faiLure to
converge properly. This problem did not arise in the parsimonious model.
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Table, 7: Multinominal Probit Model of Cholce of Middle School

Full Model Parsimonious Model
School Variables

Coeff. t-stat Coeff. t-stat
Travel Time to School (in minutes) -0.0065 -1.12 -0.0074 -1.71
Average Teacher Experience (years) 0.0125 0.43 --
Average Teacher Schooling (years) -0.0286 -0.26 -- --
Average Teacher Training (years) -0.3421 -1.59 -0.2748 -1.94
Blackboard 0.6069 0.58 0.1468 0.25
Library 0.8121 1.61 0.8092 2.45
Books per Room (Middle) 0.0174 1.25 0.0171 2.03
Books per Room (JSS) -0.0014 -0.29 -- --
Lack of Desks -0.1647 -0.49 -- --
EnrolIment Fee -0.0000 -0.06 -- --
JSS Only -0.3580 -0.56 -0.3467 -0.85
Deny Admission -0.4403 -0.89 -0.3470 -1.22
"Shed" Classrooms -0.4526 -0.88 -0.1671 -0.48
Unusable Classrooms -0.2233 -0.28 -- --
Leaky Classrooms -0.0344 -0.07 -- --
No Electric -0.5376 -1.23 -0.4779 -1.56
No Water -1.3359 -1.74 -1.2680 -3.16
Private 1.0926 0.93 0.9786 0.98

Other Variable Nearest Other Local Nearest Other Local

Coeff. t-stat Coeff. t-stat Coeff. t-stat Coeff. t-stat
Constant 14.3461 2.65 13.3048 2.18 10.3286 2.81 11.4225 3.22
Coast -0.0784 -0.09 -0.5624 -0.71 -- -- -- --
Forest -0.0926 -0.10 0.0754 0.10 -- -- --
Savannah 1.0266 0.86 0.3252 0.24 -- -- -- --
Semi-Urban 0.7996 1.28 -1.0661 -1.36 0.7643 2.15 -0.9289 -2.19
Rural 1.0276 1.78 -0.7991 -1.15 0.9590 2.95 -0.5356 -1.40
Sex -0.0231 -0.09 -0.3289 -0.90 -- -- -- --
Age (years) -0.0658 -0.87 -0.0393 -0.48 -- -- -- --
Mother's Schooling (years) -0.0497 -1.33 0.0235 0.48 -0.0354 -1.26 0.0248 0.72
Father's Schooling (years) -0.0274 -1.01 -0.0529 -1.40 -0.0185 -0.96 -0.0477 -1.69
Ability -0.0463 -1.26 -0.0640 -1.49 -0.0272 -0.95 -0.0450 -1.52
Ability Data Missing -0.6354 -2.00 -0.0463 -0.09 -0.5491 -2.27 -0.1629 -0.49
Child Order 0.0713 0.72 -0.0774 -0.57 -- -- -- --
Siblings -0.1944 -2.17 -0.1638 -1.45 -0.1292 -2.18 -0.1639 -2.29
Muslim 0.3479 0.37 0.6864 0.52 -- -- -- --
Catholic 0.5951 0.89 1.2579 1.01 -- -- -- --
Protestant 0.4997 0.62 1.0864 0.94 -- -- -- --
Other Christian 0.5007 0.62 0.8954 0.81 -- -- -- --
Traditional Religion -0.0005 -0.00 0.9885 0.80 -- -- -- --
Akan -0.3198 -0.58 0.2399 0.28 -- -- --
Ewe -0.0367 -0.06 -0.8742 -1.17 0.2817 1.02 -0.6480 -1.90
Ga-Adangbe -0.1053 -0.12 -1.4126 -1.16 0.0318 0.46 -1.3673 -1.69
Male Agricultural Wage 0.0014 0.40 0.0028 0.49 -- -- -- --
Wage Data Missing 0.5803 0.48 1.3875 0.68 -- -- -- --
Log Per Capita Expenditures -0.9088 -2.31 -0.8654 -1.90 -0.6403 -2.12 -0.6250 -2.24
Expenditure Residual 1.1924 2.52 1.1324 1.92 0.9858 2.74 0.8482 2.21
Land Owned 0.0000 0.02 0.0021 0.86 -- -- -- -

Log Likelihood -187.527 -203.328

Sample Size 302 302
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Determinants of Mathematics and Reading Test Scores

Our sample of students enrolled in middle school totals 302, but 66 of

these are living away from home and 73 others did not take the achievement

tests. We are thus left with only 163 children for our analysis of test

scores. Tables 8 and 9 report several versions of the mathematics and reading

test score regressions, respectively. The first column of each table presents

"full model" results. A second specification dropped all variables in the

first with t-statistics less than 0.5 (see Table A2 of Appendix 2). Finally,

all the variables with t-statistics less than 1.0 were dropped - this is

repeated in the second column of each Table. Columns 1 and 2 control for

sample selectivity using the estimates of the previous subsections; the two

selectivity terms for middle school choice (i.e. for nearest school and other

local school) are formed from the multinomial logit model (using the

multinomlal probit gives essentially the same results, see Tables A3 and A4,

Appendix 2). Finally, the third column presents results without controlling

for sample selectivity, keeping only the variables with t-statistics greater

than 1.0.

Looking at the mathematics scores in Table 8, children In the forest

region have significantly lower scores relative to other children in Ghana.

Girls do significantly worse than boys, a common finding in many countries.

More years of schooling leads to higher math achievement, and the schooling of

the mother has a strong positive effect. Family composition does appear to

play a role in determining mathematics skills, with children from larger

families doing worse on the test (t value of 1.59), and later born children

doing better than older ones. These findings can be interpreted in terms of

the theoretical model as saying that borrowing constrained parents allocate
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Table 8: Determinants of MathemaUcs Achievement

Full Model Parsimonious Model lanoring Selectivitv
Household Variables Coeff. t-stat Coeff. t-stat Coeff. t-stat

Constant -0.8749 -0.04 -0.6662 -0.05 -2.3183 -0.18
Coast -1.9734 -0.50 -- -- -- --
Forest -5.4555 -1.44 -3.1138 -3.21 -3.2101 -3.32
Savannah -2.7436 -0.66 -- -- -- --
Semi-Urban 0.9963 0.41 -- -- -- --
Rural 0.6467 0.33 -- -- -- --
Sex -3.8966 -2.49 -3.9558 -4.25 -3.8157 -4.32
Schooling of ChiLd (years) 1.5587 2.82 1.5844 4.13 1.5772 4.11
Mother's SchooLing (years) 0.3995 2.66 0.4298 4.26 0.4294 4.26
Father's Schooling (years) -0.1531 -0.97 -- -- -- --
Ability Estimate 0.0932 0.47 -- -- -- --

Ability Data Missing -0.6777 -0.50 -- -- -- --
Primary Math Score 0.1079 0.26 -- -- -- --

Muslim 0.3767 0.08 -- -- -- --
Catholic 1.1674 0.25 -- -- -- --
Protestant 1.2578 0.28 -- -- -- --
Other Christian -0.1288 -0.03 -- -- -- --
Traditional Religion -1.7143 -0.41 -- -- -- --
Akan 0.8284 0.47 -- -- -- --
Ewe 0.0120 0.01 -- -- -- --
Ga-Adangbe -0.5506 -0.15 -- -- -- --

Male Agricultural Wage -0.0028 -0.26 -- -- -- --
Wage Data Missing -1.3946 -0.36 -- -- -- --
Child Order 0.5112 1.26 0.6706 2.21 0.6873 2.26
Siblings -0.3588 -0.94 -0.4281 -1.59 -0.4372 -1.63
Log Per Capita Expenditures -1.5186 -0.87 -1.3777 -1.39 -1.3325 -1.35
Land Ownership 0.0020 0.34 -- -- -- --

School Variables
Travel Time 0.0286 0.61 -- -- --
Average Teacher Experience (years) -0.0788 -0.52 -- -- -- --
Average Teacher Schooling (years) 0.6251 1.20 0.5844 1.58 0.6121 1.66
Average Teacher Training (years) 0.4906 0.48 -- -- --
Blackboard 11.9740 2.19 9.4305 2.83 9.4321 2.83
Library 4.6536 1.90 3.6111 2.09 3.6089 2.09
Books Per Room (Middle) -0.0563 -0.87 -0.0581 -1.39 -0.0565 -1.36
Books Per Room (JSS) -0.0089 -0.35 --

Lack of Desks -0.4898 -0.16 -- -- -- --
JSS Only -2.7306 -0.90 -4.0153 -2.07 -4.0460 -2.09
Shed Classrooms -4.2733 -1.33 -3.4278 -1.61 -3.4327 -1.61
Unusable Classrooms 3.6550 0.93 3.4563 1.39 3.7530 1.51
Leaky Classrooms -8.2353 -2.99 -5.4491 -2.78 -5.1934 -2.66
Enrollment Fees 0.0098 1.32 0.0083 1.82 0.0081 1.77
Deny AdFnission -0.8575 -0.39 -- -- -- --
No Water 0.6982 0.22 -- -- -- --
No Electricity 0.2672 0.12 -- -- -- --
Private School -2.1063 -0.30 -- -- -- --

Selectivity Correction Terms
Lambda (Nearest School) 0.8969 0.60 -- -- -- --
Lambda (Other Local) 0.4140 0.48 -- -- -- --
Lambda (Optimal Years) -0.1546 -0.03 --
Lambda (Late Start) 0.6367 1.38 0.4363 1.14 -- --

Sample Size 163 163 163

R2 0.4356 0.3825 0.3770

Note: The dependent variable, score on the mathematics test, had a mean of 9.57 and a standard deviation of
5.30.
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fewer resources per child the more children they have, and that the school

attendance of earlier born children suffers because they are put to work to

finance the schooling of younger siblings.

Turning to the school variables, of the teacher variables only teacher

schooling has weakly significant effect (t-value of 1.58) on the attainment of

33
mathematics skills, but the presence of blackboards and libraries both have

significant positive effects. Of the remaining school variables, only two are

statistically significant at the 5% level - leaking classrooms and the fact

that a school is a newly built junior secondary school, both have very strong

negative effects. The interpretation of the leaking classrooms variable is

quite simple. Schools with such classrooms are closed whenever it rains, so

that children spend fewer days in school per year. The junior secondary

school variable suggests some problem with these recently built schools.

Although perhaps anticlimactic, none of the selectivity correction terms

were statistically significant. Comparison of columns 2 and 3 in Table 8

reveals that controlling for selectivity has very little effect on the

different coefficient estimates. Although this is good news in the sense that

previous estimates of this kind may not be seriously biased by failing to

control for sample selectivity, it must be kept in mind that this result may

not be robust to other countries.

Finally, turn to the results for reading test scores in Table 9.

32Hanushek (1992) argues, however, that the important constraint is on
parental time, not financial resources, and that later born siblings get less
parental time.

33Most teachers in the sampled schools also took the same mathematics, reading
and Raven's tests, but in preliminary regressions these variables never had
significant effects on either the mathematics or reading tests of students.
These variables were dropped because they reduce our sample size.
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Table 9: Determinants of Reading Achievement

FuLL ModeL Parsimonious Model Ignoring Selectivit
Household Variables Coeff. t-stat Coeff. t-stat Coeff. t-stat

Constant -40.5686 -1.33 -33.9858 -4.49 -33.1698 -4.38
Coast -1.0237 -0.21 -- -- -- --
Forest -5.2917 -1.14 -4.9883 -3.30 -4.5567 -3.08
Savannah 0.1145 0.02 -- -- -- --
Semi-Urban 6.6673 2.16 6.7603 2.75 6.3248 2.59
Rural 2.6837 1.07 3.0336 1.43 2.8596 1.35
Sex -2.5606 -1.25 -2.6043 -2.16 -2.6487 -2.19
SchooLing of Child (years) 2.3956 3.33 2.4133 4.66 2.4540 4.73
Mother's Schooling (years) 0.3176 1.65 0.2396 1.60 0.2438 1.63
Father's SchooLing (years) -0.1273 -0.62 -- -- -- --
Ability Estimate 0.5347 2.02 0.4378 2.44 0.4531 2.52
Ability Data Missing 0.0578 0.03 -- -- -- --
Primary Reading Score 0.4968 0.76 0.4808 1.23 0.5794 1.51
MusLim -5.2614 -0.89 -3.2756 -1.66 -3.5025 -1.77
Catholic -4.1495 -0.69 -2.4893 -1.43 -2.6495 -1.52
Protestant -2.4841 -0.42 -- -- -- --
Other Christian -1.6639 -0.29 -- -- -- --
Traditional Religion -5.0406 -0.90 -3.7515 -2.16 -3.3238 -1.94
Akan 1.3010 0.57 -- -- -- --
Ewe 5.1544 1.72 3.6349 2.38 3.2577 2.17
Ga-Adangbe 3.8374 0.78 5.0129 1.35 4.2977 1.16
Male Agricultural Wage 0.0123 0.88 0.0048 0.44 0.0043 0.39
Wage Data Missing 3.8058 0.78 2.3469 0.59 2.3189 0.58
Child Order 0.5616 1.08 0.5438 1.32 0.4724 1.15
Siblings 0.6568 1.34 0.4971 1.40 0.5285 1.48
Log Per Capita Expenditures 1.1763 0.49 -- -- -- --
Land Ownership -0.0006 -0.08 -- -- -- --

School Variables
TraveL Time 0.0221 0.32 -- -- -- --
Average Teacher Experience (years) -0.1170 -0.60 --
Average Teacher Schooling (years) -0.3602 -0.53 -- -- -- --
Average Teacher Training (years) 1.1016 0.92 0.9810 1.08 0.9323 1.03
Blackboard 11.4017 1.56 12.9494 2.44 11.3820 2.20
Library -2.3441 -0.74 -- -- -- --
Books Per Room (Middle) -0.0591 -0.70 -- -- -- --
Books Per Room (JSS) 0.0368 1.10 0.0383 1.71 0.0416 1.86
Lack of Desks 3.4286 0.84 -- -- -- --
JSS OnLy 0.5938 0.16 3.1830 1.17 2.4345 0.91
Shed Classrooms -0.0395 -0.01 - -- -- --
Unusable CLassrooms -8.3485 -1.61 -5.1403 -1.46 -5.4275 -1.54
Leaky Classrooms -8.9487 -2.58 -7.7800 -3.04 -6.9268 -2.79
Enrollment Fees -0.0092 -0.94 -0.0059 -0.91 -0.0049 -0.77
Deny Admission 0.6735 0.24 -- -- -- --
No Water 0.9294 0.21 -- -- -- --
No Electricity -2.9313 -0.90 -2.9292 -1.50 -2.5192 -1.31
Private School 12.1776 1.36 11.9132 1.67 12.1928 1.70

Selectivity Correction Terms
Lambda (Nearest School) 1.1989 0.63
Lambda (Other Local) 1.0063 0.84 1.0163 1.32 --
Lambda (Optimal Years) -0.4237 -0.07 -- -- -- --
Lambda (Late Start) 0.3745 0.63 -- -- -- --

Sample Size 163 163 163

R2 0.5418 0.5176 0.5114

Note: The dependent variable, score on reading test, had a mean of 7.09 (out of 29) and a standard deviation
of 6.68.
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Children in forest areas do significantly worse, while those in semi-urban

areas perform relatively well. As with the math test, girls show lower reading

skills than boys, which may indicate that girls attend school more

sporadically than boys. Years in school has a positive impact on reading

skills, but the positive impact of mother's schooling is only marginally

significant. The fixed effect estimator of innate ability has a significantly

positive impact, unlike the case with mathematics scores. Muslims and

children from households practicing traditional African religions appear to do

worse on the reading test, perhaps reflecting less exposure to the English

language in the home. Finally, Ewe children in Ghana seem to read better than

those from other ethnic groups.

Turning to the school variables, none of the teacher characteristics has

any significant impact on test scores. As with mathematics scores, the

coefficient on blackboards was significantly positive. The number of (JSS)

books per room has a positive effect but is statistically significant only at

the 10% level. Leaking classrooms again has a strong negative effect on

reading. Finally, private schools appear to be more effective than public

schools.

The lack of significance of the selectivity correction terms in the

reading score regression again indicates that nonrandom selection does not

seriously bias the results shown here. A comparison of columns 2 and 3 shows

almost no change in the coefficient estimates. However, one must be cautious

about dismissing the problem of sample selectivity in these types of estimates

because low sample size in both test score regressions means that more subtle

biases probably could not be detected.

Finally, as a general point for both Tables 8 and 9, economic variables,

such as the agricultural wage and income and land ownership, have little or no
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direct effect on cognitive skills. The main effect of these variables

operates indirectly, through school attainment and the school starting time;

i.e., through the sample selection mechanism.

Direct and Indirect Effects of Improving School Quality

Improvements in school quality can raise the skills of students in two

distinct ways. First, for a given number of years of school attendance, such

improvements can raise cognitive achievement by making each year of schooling

more effective. This direct effect is measured in Tables 8 and 9. Second,

school quality raises skills because parents decide to send their children to

school for a longer period of time. This indirect effect is evident in the

ordered probit results in Table 4. Table 10 presents estimates of both these

effects for six hypothetical schooling improvements. The indirect effect is

calculated using the change in the expected years of schooling when all other

variables are evaluated at their sample means.

Reducing travel time and raising average teacher experience have only

indirect effects (the parameters in Tables 8 and 9 were not statistically

different from zero). Their overall impact is relatively modest. Providing a

school library has indirect effects and a direct effect only for the

mathematics score. Its impact on test scores is also modest. Repairing

schools in which all classrooms cannot be used when it rains and provision of

blackboards to schools where none now exist have both direct and indirect

effects, and the former are much stronger than the latter. Finally, providing

more textbooks would have only a direct effect on the reading score, and a

relatively modest one at that. Among all the possible avenues for raising

cognitive achievement given in Table 10, repairing schools with leaking

classrooms and providing schools with blackboards where none now exist will
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Table 10: Impact of Raising Middle School Quality on Cognitive Achievement

Mathematics Score Reading Score

Policy Option Indirect Direct Total Indirect Direct Total

1. Reducing Travel Time +3.44 - +3.44 +5.24 - +5.24
from 2 hours to 0 hours

2. Raising Average +3.19 - +3.19 +4.87 - +4.87
Teacher Experience
from 2 years to 10
years

3. Providing a School Library +1.88 +3.61 +5.49 +2.87 - +2.87

4. Repairing Classrooms +3.10 +5.45 +8.55 +4.73 +7.78 +12.51
in Schools where all
classrooms cannot be
used when it rains

5. Providing Blackboards +4.05 +9.43 +13.48 +6.16 +12.95 +19.11
in Schools where none
presently exist

6. Providing 50 more - - - - +1.92 +1.92
(JSS) Textbooks
per room in Schools
which now only have
25 per room

Notes: 1. Indirect effect is calculated as the product of the change in
expected years of schooling (using the parameters from Table 4) due
to improved school quality and the parameters on years schooling from
Tables 8 and 9.

2. For purposes of comparison the mean mathematics and reading scores
for our sample of 163 students presently in middle school are 9.57
(out of 36) and 7.09 (out of 29), respectively.
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clearly have the largest impact. However, most schools in Ghana already have

sufficient blackboards (cf. variable means in Table 4) so this will only apply

to a limited number of schools, and a similar situation exists regarding

repairing leaking classrooms.

In viewing these policy simulations, one should keep in mind that quality

attributes such as blackboards may partly be picking up the effects of school

administrative skills or other unobservables that are positively correlated

with student achievement and progress through school. If so, the achievement

gains reported in Table 10 will be overly optimistic. Finally, it should be

noted that for policy analysis one also requires information on the costs of

these options.34

34These costs also include the number of years that specific items (e.g.
blackboards and textbooks) can be expected to remain usable.
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VI. Summary and Conclusions

Investments in schooling in developing countries are one of the most

important ways of raising productivity and, ultimately, the standard of living

in those countries. Choosing which investments to make requires knowledge of

their impact on the educational outcomes of students. This paper has

presented a model for examining the relationship between schooling investments

and schooling outcomes which, unlike almost all previous work, explicitly

accounts for the optimizing behavior of families.

The following findings are the most important. First, we find support

for the hypothesis that, in Ghana, many families are credit constrained in

that their income levels and, to a lesser extent, their composition, affect

the timing of human capital investment. Second, we find clear evidence that

school quality affects both school attainment and the tendency to start school

at a late age. These indirect effects are often ignored in attempts to

measure the impact of schooling investments on human capital outcomes. Third,

we find no strong evidence that sample selectivity is biasing our estimates of

the determinants' cognitive outcomes. Finally, turning to specific schooling

investments, we find that blackboards have a positive impact and classrooms

that are unusable when it rains have a strong negative impact on the

acquisition of both reading and mathematics skills. Reading skills also

suffer in the absence of textbooks, and both skills benefit from reduced

travel time and higher teacher experience.
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Appendix 1: A Dynamic Model of School Attainment

Maximization of discounted lifetime utility, as given in equation (2.5) in

the text, is best done using the mathematics of optimal control (cf. Kamien and

Schwartz, 1991). Formally, we want to maximize discounted life-cycle utility:

(A.1) fr U(C(t)) e-8dt

where U is assumed to be strictly concave (U' > 0 and U" < 0), subject to two

differential equation contraints:

(A.2) fi(t) = bH(t)S(t)

(A.3) A(t) rA(t) + y + wH(t)D - C(t) if S(t) = 0

= rA(t) + y - f + wH(t) [D-(l+d)S(t)3 - C(t) if 0 < S(t) s 1

H(t) and A(t) are state variables while S(t) and C(t) are control variables. The

following state and control variable constraints and initial conditions hold:

(A.4) Control Constraints: 0 s S(t) s 1
C(t) a 0

(A.5) State Constraint: A(t) 2 0 if the household is credit contrained

(A.6) Boundary Conditions: H(0) = Ho
A(0) = 0

For simplicity, assume that consumption is strictly greater than zero (C(t) > 0);

this amounts to assuming that the utility function U has a shape such that it is

never optimal for consumption to equal zero, which is in fact what one observes

in the real world. The assumption that the household begins with no assets (A(0)

= 0) can be modified; the impact of such a change will be (non-rigorously)
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discussed at variotis points. The assumption that assets at the time of the

parents' death (T) have no value implies that parents will consume all assets

before they die, so that A(T) = 0. This is intuitively obvious.

In this appendix both the credit contrained and unconstrained cases will

be examined. It is instructive to begin with the unconstrained case.

Case 1: No Credit Contraints

When parents face no credit constraints they can separate their consumption

and human capital investment decisions. The latter is done to maximize the

present discounted value of life-cycle wealth, and then the former is done

conditional on life-cycle wealth. Thus to understand schooling decisions one

need only examine the maximization of life cycle wealth. If school fees do not

exist (f=O), the maximand is:1

(A.7) fT(y + wH(t) [D - S(t) (l1+d)])e-rtdt

subject to (A.2), (A.4) and H(O) = Ho. The Hamiltonian equation is:

(A.8) H, = (y + wH(t)[D - S(t)(l+d)])e)rt + p(t)bH(t)S(t)

The following necessary conditions hold:

(A.9) p(t)b k (l+d)we-rt if S(t) = 1
p(t)b = (l+d)we&rt if 0 < S(t) < 1
p(t)b s (l+d)we-rt if S(t) = 0

(A.10) p'(t) = -p(t)bS(t) - w[D - (l+d)S(t)]eJrt

1Positive school fees can also be handled, as will be discussed below.
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Suppose 0 < S(t) < 1. Solving for S(t) in (A.10) gives:

(A.11) s(t) _- /(t) - Dwe-&r
p(t)b - (l+d)wert

Substituting the second line of (A.9) into (A.11) results in division by zero.

Thus it is never the case that 0 < S(t) < 1.2 Either the child attends school

full-time or not at all. Intuitively, this will also hold for school fees

greater than zero because part-time schooling becomes even more "wasteful" since

the same school fees are paid for full-time and part-time schooling.

Because schooling is always full-time, the expression to optimize becomes:

LCW = f wH 0 De-ttdt + '1([D- (1+d) I wH0 eb tt-q - + fwtdDebto)ertdt

wH0 D (e-rto-1) + 1 [D-(1+d)IwHoe-bto [e (b)-e °eto (b)
r~~~~-

+ f (&rtertO) - !wHoDeb(to-t) (e`T-e rt2)
r~~~~

(A.12)

Differentiating this expression by to and t1, respectively, yields:

atA = fe(ztO + wH1De-rto + [D-(1+d)] (re`tObeet±(b-Z)-bto) + b (e-xT_ezt',)Deb(tl-to))

(A.14) aLCI = _fe-ze1 - (1+d) wH e(b-) -bto -_bwHOD(e-rTe t1±) eb(C°)
at, r

Setting the derivative with respect to t1 equal to zero (the solution must be an

interior one if schooling is profitable), substitute (A.14) into (A.13):

2Alternatively, one can show that (A.9) and (A.10) imply that p(t) =
(Dw/r)e&rt + k, where k is a constant less than zero. Inserting this into (A.9)
implies that 0 < S(t) < 1 can only occur for more than an instant of time if b/r
= (1+d)/D. Later it will be seen that this implies that schooling is not a
profitable investment.,
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p.15) aLCI = f(e °o-er1) + wHO(De-rt - (l+d) eb(tl-tc)e-rte + [D-(1+d)) (re-b (b-i)
ato b-r 

For any human capital investments to be profitable, the following must hold:

J wH.f De) 0 dt + ft ([D-(l+d)]wHoeb(tto}) - te--tdt + fT wHDeb(t'-t:) e-tdt > fed

which holds if and only if

(A.17) f(eZto_eZti) + wH( -r[D-(l+d)] (e (b-i)t -bto._e-CtO) + D[e-tD + eb(t.to) (e-rTTe_ztl) - e-21) < o
b-i-

Inserting (A.17) into (A.15) yields:

(A.18) aLCI + wHODe-rT(eb(t1_tO) - 1) < 0
at0

Equation (A.18) implies that the derivative of life cycle income with respect to

t is always negative, thus to* must equal 0. Households without credit

constraints always begin their child's schooling immediately and send them to

school full-time. By Pontryagin's maximum principle all schooling must be

completed during one long period of attendance; suppose a child attends full time

and then leaves at some time t1, if further schooling is optimal it must begin

immediately at t1, leaving no gaps in attendance.
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The only decision for the unconstrained household is to choose the time to

remove the child from school (t1). If school fees equal zero, then:

(A.19) t1 = T + log[l - r(l+d)/bD]/r

But if school fees are positive, one cannot solve for t1 explicitly from (A.14).

However, after setting to=O, the right hand side of (A.14) can be set equal to

zero and the resulting equation totally differentiated to yield:

0 = [-(l+d)e (b-r)t, -_bDeb't(e&ZT-e-rti) (wdHo + Hodw) + t bwHoDebtire-2] dT
I I

+ l-e-zti] df + [-wHoe (b-) t;] dd + [ bWHOebt; (e-rr_e-t7e3 dD
I

+ [frertl-(1+d) wHNb-r) & -b-r)t; _ bwHDbeebq (e-rT-ezt1) - b-ret dttr r1

+ Ift;e rt;- + (l+d)wHt;e (b-i) ; + b wHDebr,(e-rT-e-YtL) + bwHoDebt (Te-r-tte-r1) I dr

+ [-(l+d) wH 0te ; - lwHODebtt(e -rT-et) - twHOD(e T-eiti) t*ebti] db

(A.20)

All the terms in brackets in (A.20) can be signed. The condition that the second

derivative of (A.12) with respect to t1 be negative implies that the expression

associated with dt1 is negative. Clearly, those associated with df and dd are

negative and those associated with dD and dT are positive. Setting (A.14) equal

to zero (using to = 0) implies that the terms associated with wdHo + Hodw and db

are positive. Finally, using (A.14) and the fact that i(1-e(T;)) + T-t; is

negative (it equals 0 if T=t1* and its derivative with respect to T is negative

when T > t1 ) shows that the terms associated with dr is negative. Thus the
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amount of time spent in school, t1 , increases when D, T, w, Ho or b increase but

decreases when f, d or r increase.

A further useful result emerges when to is set to zero in (A.17):

(A.21) f (&rti;1) + D(ezT-ebt1rT) + (e(br)_-l) [D d - (l+d) r I > O
WHO b-i b-.r

The first two terms are negative, so schooling is only profitable if the third

term is positive. If b > r, the third term is positive. If b < r, then it is

positive only if Db > (l+d)r (which also holds if b > r). Note that this

condition is necessary but not sufficient.

Case 2: Credit Constrained Household

Case of No School Fees

Now turn to the case where (A.5) is imposed, i.e. the household has no

access to credit. Begin with the case where school fees equal zero (f=0). The

Hamiltonian is simply:

(A.22) H = U(C(t))e4st + p(t)bH(t)S(t) + q(t)A(t)

+ A(t)[rA(t) + y + wH(t)[D - S(t)(l+d)] - C(t)]

The following necessary conditions hold:

(A.23) l(t) =U'C(t))e-6t

(A.24) p(t)b - X(t)(l+d)w = 0 if 0 < S(t) < 1
(t)b X- (t)(l+d)w > 0 if S(t) = 1
p(t)b - A(t)(l+d)w < 0 if S(t) = 0

(A.25) Il(t) -p(t)bS(t) - A(t)w[D - S(t)(l+d)]
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(A.26) 1.(t) = -l(t) - rl(t)

(A.27) q(t)A(t) = 0 and 1(t) 2 0

(A.28) X(T)A(T) = 0 and A(T) 2 0

(A.29) l(T) = 0

Differentiate (A.23) with respect to t and combine with (A.26):

(A.30) (8C -r) - II(t)/A(t)
U"(C(t))/U(C(t))

By (A.27) A(t) > 0 implies that q(t)=O. For an impatient household (8-r > 0),

consumption will decline if assets are held (A(t) > 0).

Suppose 0 < S(t) < 1. Differentiate the first line of (A.24) with respect

to t, then use (A.25) and (A.26) to get:

(A.31) -p(t)bS(t) - l(t)w[D - S(t)(l+d)] = -(l+d)[q(t) - rl(t)](w/b)

which can be rearranged, using (A.24) as

(A.32) p(t)[Db/(l+d) - r] = q(t)(l+d)(w/b)

For any schooling to be done at all, it was shown above that (A.21) implies Db

> (1+d)r. Since p(t) > 0 (since l(t) > 0 by (A.23)), it follows that 1(t) > 0,

which implies that A(t) = 0, no assets are held.

Suppose S(t) = 1 at time zero. Assuming initial assets equal zero (A(0)

= 0), the only way assets can be accumulated is if consumption falls below

income. However, if this occurs consumption must fall further due to (A.30).
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Assets will continue to accumulate, ad infinitum, because income can only

increase (even more so if S(t) falls below 1) and consumption declines further.

This contradicts the result that assets must equal zero at time T, thus no assets

are accumulated. This finding holds whenever S(t) = 1 and no assets exist.

Suppose S(t) = 0 at time zero. If assets are accumulated while S(t) still

equals zero, a shift to part-time schooling (0 < S(t) < 1) is not possible since

it can only occur if assets equal zero. Thus the only way to accumulate assets

is to accumulate them when S(t)=0 and then consumed when S(t) = 1. Note that the

Hamiltonian must be continuous at any point where S(t) "jumps" from 0 to 1.

Equating the Hamiltonians at this point yields (recall r(t) = 0 when A(t) > 0):

(A.33) U(C(t))e&St + X(t)[rA(t) + y + wH(t)D - C(t)] = U(C(t)e 8t

+ p(t)bH(t) + X(t)[rA(t) + y + wH(t)[D - (1+d)] - C(t)]

C(t) cannot "jump" (since l(t) would thereby not be continuous) and neither can

A(t) nor H(t). Thus one gets:

(A.34) p(t)b = A(t)w(l+d)

Both p(t) and A(t) are differentiable, so as in the case where 0 < S(t) < 1 we

can derive (A.32), which implies A(t) = 0, contradicting the assumption that

assets have been accumulated. Thus no assets can be accumulated when S(t)=0.

This finding holds any whenever S(t) becomes zero and no assets exist.

To summarize, no assets will be accumulated by impatient households, so the

Hamiltonian in (A.22) can be simplified to:
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(A.35) H = U(y + wH(t)[D - S(t)(l+d)3)e St + p(t)bH(t)S(t)

where S(t) is the (only) control variable and H(t) the (only) state variable.

The necessary conditions for a maximum are:

(A.36) -U'(y + wH(t)[D - S(t)(1+d)])e 8tw(l+d) + p(t)b = 0 if 0 < S(t) < 1
-U'(y + wH(t)[D - S(t)(l+d)])e& 6 tw(l+d) + p(t)b > 0 if S(t) = 1

-U'(y + wH(t)[D - S(t)(l+d)])e tw(l+d) + p(t)b < 0 if S(t) = 0

(A.37) p '(t) = -U'(y + wH(t)[D - S(t)(1+d)])e etw[D - S(t)(l+d)] - i(t)bS(t)

(A.38) p(T) = 0

Examining (A.36) when t = T, with reference to (A.38), shows that S(t) must

equal zero at time T. Note as well that a "jump" from S(t) = 0 to S(t) = 1 (or

vice versa) at some point t implies, by the continuity of p(t) and using (A.36):

(A.39) U'(y + wH(t)D)e8 tw(l+d) 2 p(t)b k U'(y + wH(t)[D - (l+d)])e46tw(l+d).

This relation cannot hold since U" < 0, thus such jumps cannot occur. More

generally, the continuity of p(t) implies that when schooling moves from full-

time to part-time or from part-time to no schooling at all, S(t) must be

continuous. No "jumps" in S(t) will occur for impatient households.

When S(t) = 0 it will remain at zero until time T. To see this, set S(t)

= 0 in (A.37) and solve for p(t), noting that consumption is constant:

p(t)=UI(y+wH(t)D)e&twD/8 + k, where k is a constant term. At time T, the strict

inequality must hold in the last line of (A.36), because of (A.38). Thus the

point at which a child leaves school permanently must be at some time before T,

call it t1. From t1 to T, U' is simply a constant (because no more human capital
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is being accumulated and income is being consum'ed as it is earned), thus the

solution to p(t) above implies that k < 0. By the continuity of p(t), the

equality holds for (A.36) at time t1. Inserting the solution for p(t) into

(A.36) at time t1 gives:

(A.40) (bD/8 - (l+d)]U'(y+wH(t 1)D)e 6t = -kb

which implies that bD/8 - (1+d) is positive.3 Using this result, and inserting

p(t) into the last line of (A.36), p(t)b falls faster over time than the first

term in (A.36), thus S(t) must remain equal to zero once it becomes zero.

Finally, this solution for p(t), along with (A.23) and the first term of of

(A.24) yields (the first term can be used by the continuity of p(t)):

(A.41) t1 = T + ln[l - 8(l+d)/bD]/8

This expression is similar to that of the unconstrained case where school fees

equal zero, except r is replaced by 8. Thus the total time in school declines

when d and 6 increase and rises as T, b and D increase.

Schooling can begin either as part time (0 < S(t) < 1) or full time (S(t)

= 1). If full time, a part time phase must be entered before schooling

completely ends. If part time, schooling may later become full time but will

eventually become part time again and then finish before time T. Intuitively,

if schooling is ever full time one would expect an initial period of full time

schooling, then by part time schooling, followed by leaving school forever. To

see when this is possible, examine the point at which S(t) switches from full

3If it were not positive then no schooling would ever take place.
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time to part time. At this point the second line of (A.36) becomes an equality.

Differentiate with respect to t yields, using (A.37) (when S(t) = 1):

(A.42) U"(y+wH(t)(D-(l+d)])e stw2(1+d)/b{H(t)S(t)b[D-(l+d)]-H(t)S'(t)(l+d)I

= p(t)[8-bD/(l+d)]

Upon rearranging terms one obtains:

(A.43) S'(t) = b D - 1) - 1 _+d)
1+d U"(y+wH(t) [D-(3+d)])&6tw 2(1+d) 2H(t)

The first term is positive if D > (l+d), and the second is negative since U" <

O and bD/8 > l+d). If the working day for the child (D) equals the school day

plus travel time (l+d), then S'(t) < 0 in the neighborhood of S(t)=l; once the

child moves from full-time schooling to part-time schooling, full-time schooling

will never reccur. Further, if U" is a constant (implying that the third

derivative of U equals 0), the second term falls in absolute value over time

because H'(t) 2 0 and p(t) < 0. Thus, once schooling moves from full-time to

part-time, it can never be full-time again; if it did S'(t) 2 0 at that point and

would thereafter remain positive, which would force schooling to be full-time

forever, which is not optimal.

Positive School Fees

When school fees exist a technical wrinkle emerges in the mathematics - the

integrand when the child is in school is different then when he or she is not in

school. Tomiyama (1985) shows how to handle such situations. Below it will be

shown that once a child leaves school he or she will not return. This implies
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that there are three phases to consider, from time zero until the child enters

school (Oststo), from the time the child enters school until leaving school

permanently (to_tst1), and the time the child leaves school until the parents die

(t1stgT). Tomiyama shows that, within these 3 periods, the standard necessary

conditions still hold, as one would expect. More importantly, he showed which

conditions must hold at the boundary points (to and t1) to ensure that those

points are optimally chosen.

Begin with the third time period (t1stgT) for the impatient household. It

will be seen below that it is optimal for assets to equal zero at time t1. Since

S(t) = 0, no school fee is paid, so the mathematics of the "no fees" case

applies. Briefly, no assets will be accumulated and consumption will equal

income up to time T, and once S(t) becomes zero it will remain zero.4 Note for

later reference that the optimal path of utility in phase three is simply H3 =

U3 (t) = U(y+H(t1))e-8t.

Now turn to the second time period (t 0 tst1). This corresponds to the

cases of S(t) = 1 and 0 < S(t) < 1 from the no fees case. However, as will be

seen below, some assets will have been accumulated prior to to. It is

instructive to view this period in detail. The Hamiltonian is:

(A.44) H2 = U(C(t))eJ6t + p(t)(bH(t)S(t)) + q(t)A(t)

+ X(t)[rA(t) + y - f + wH(t)[D-S(t)(l+d)] - C(t)]

The following necessary conditions hold for to < t < t1:

4This proves that all schooling must take place at one interval of time, as
asserted in the previous paragraph. Note that the essential "trick" is that
bD/8-(l+d) > O.
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(A.45) A(t) = UI(C(t))e-4 t

(A.46) i(t)b - A(t)(1+d)w = 0 if 0 < S(t) < 1

I(t)b - A(t)(1+d)w > 0 if S(t) = 1

(A.47) i'(t) -P(t)bS(t) - 1(t)w[D-S(t)(1+d)]

(A.48) A'(t) = -q(t) - rl(t)

(A.49) q(t)A(t) = 0 and 8(t) 2 0

Since assets at time to are greater than zero, by (A.49) it must be that

tl(t)=O beginning at time to. From (A.48) it is clear that 1(t)=1 e-rt + a

constant. Suppose that 0 < S(t) < 1. Inserting the first line of (A.46) into

(A.47) ultimately yields p(t) = poe'qt + a constant, where q = bD/(l+d). But then

(A.46) cannot hold in general.5 Thus S(t) = 1, at least until assets are

exhausted. Schooling must initially be full-time. Suppose that assets are

exhausted before time t1. At that time, call it t", consumption will equal

current income, unless the household starts saving again. If saving does occur,

consumption falls below current income, the child continues to attend school

full-time, and assets will accumulate indefinitely (because q(t)=O when A(t)>O,

(A.29) will hold, causing consumption to fall indefinitely, while in fact income

will rise) until time t1 I But this holding of positive assets at time t1 is not

optimal, because consumption immediately before time t1 is below that immediately

after t1, and at the margin assets scheduled to be saved until time t1 (and

consumed afterwards) contribute less to life-cycle utility than they would if

they were consumed before t1, since U'(C(t)) is higher at a lower value of C(t)

and the rate of time preference (6) is greater than the rate of growth in assets

5It will only hold for more than one instant of time if bD/(l+d) = r. But
it was shown in the uncontrained case that schooling is only profitable if
bD/(l+r) > r.
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(r) *6 Thus after time t" the household consumes current income and does not

save.

If household assets are exhausted before time t1, no savings should be

undertaken but another choice arises - the household may either send the child

to school full-time or part-time. More specifically, at time t1 the child may

be attending full-time or part-time. Without further information on U, either

could be possible. Suppose it is part-time, that is 0 < S(t1) < 1. According

to Tomiyama (1985), at the switching point t1 the Hamiltonians for periods 2 and

3 must be equal in the limit as t approaches t1 from both sides.7 Setting the

Hamiltonians equal to each other at time t1 yields (using A.46):

(A.50) U(Y + wDH(tD)) - U(y - f + wH(tD [D - S(t-) (l+d)])
(A.50) = ~~~~~~~~~~~w(l+d)H(ti)(1

U'(y - f + wH(tD) [D - S(tD) (1+d)])

where "+" indicates approaching t1 from above (period 3) and n_-i indicates from

above (period 2). Clearly, if f > 0 then S(t;) must approach a number greater

than zero (in the limit) as t approaches t1 from below. This implies that there

will be a "jump" from part-time schooling to no schooling at all at t1 (S(t) will

not be continuous). The existence of a school fee means that S(t) cannot decline

gradually until it equals zero, since for very small levels of S(t) the cost in

terms of the school fee outweighs any benefit of additional human capital

accumulation.

It is possible that assets will not run out before time t1. In this case

the child must attend school full-time all the way up to time t1, but assets must

6Formally, it is easy to show that 6[U(ye&rs + wH(t1))e&(t+o)]/8y is always
less than 8[U(y - f - A'(t) + wH(t)S(t)(D - (1+d)])e 8t]/8y, where e is a fixed
amount of time.

7p(t) must also be continuous in the same way, but A(t) is not continuous
and in fact is irrelevent because all assets are exhausted and it is never
optimal to build them up.
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run out again exactly at time t1. The reason they must run out is that, if they

did not, consumption of those assets in period 3 would not be optimal relative

to consuming them in period 1, when consumption is lower both because non-asset

income is lower and because saving is taking place.

Finally, examine the first time period (tostst1). The Hamiltonian here is

simply:

(A.51) H1 = U(C(t))e-st + I (t)[rA(t) + y + DwHo - C(t)] + VI(t)A(t)

The necessary conditions that hold for time 0 to to are equations (A.45), (A.48)

and (A.49). Assuming that it is optimal for a period 1 to exist (this may not

be the case for some households), some savings must take place before to, which

in turn implies that consumption must decline during the first time period. To

show that this is the case, examine what happens if no assets are accumulated

before time to. Tomiyama's condition that the Hamiltonians must be equal at time

to yields:

(A.52) U(C(t-))e-6t° = U(C(t+))e 8 to + p(to)bH0 S(to))

+ ).(t+) [y - f + wH4[D-S(t+) (1+d) - C(t)]

If assets are accumulated beginning at point to, by (A.29) consumption will drop

further and assets will then be accumulated indefinitely. This will not be

optimal because assets will remain at time t1. Thus no assets will be

accumulated, which implies that the term in brackets in (A.52) equals zero. It

is clear from (A.45) and (A.46) that p is positive when approaching to from

above, which implies that consumption levels on both sides of equation (A.52) are

not equal. But this violates the other condition of Tomiyama that )A(t-) =1(+
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(since (A.45) holds in both periods 1 and 2). Thus it must be the case that some

savings takes place before time to. When savings begins, call it time t,

consumption declines and continues to decline because (A.29) will hold and

q(t)=O. At to there will be no jump in consumption because I(t ) = 1(t+).

To conclude for the positive school fees case, we have shown that it is

plausible for late starting to be optimal, which was never the case when school

fees equal zero. Whether or not it actually occurs depends on the parameter

values.
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Appendix 2: Estimations Not Reported in the Text

Table Al: Determinants of Score on Raven Test

IndeDendent Variable Coefficient t-statistic

Age 0.3654 4.88

Age2 -0.0050 -4.49

School 0.8820 4.92

School2 0.0179 2.28

Age x School -0.0060 -2.46

Father's Schooling -0.0225 -0.50

Mother's Schooling -0.1272 -1.39

Sex -0.3159 -0.47

Sex x Age -0.0146 -0.55

Sex x School -0.2375 -3.02

Sample size = 1736

aR = 0.9696

Note: The dependent variable has a mean of 18.66 and a standard
deviation of 4.54.
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Table A2: Estimates of Semi-Parsimonious Achievement Test Scores

Mathematics Readina

Household Variables Coefficient t-statistic Coefficient t-statistic

Constant 2.2968 0.17 -27.9533 -2.41
Forest -3.5051 -2.98 -4.8680 -2.90
Savannah -1.2942 -0.70 -- --

Semi-Urban -- -- 6.6673 2.58
Rural -- -- 2.6219 1.19
Sex -3.9427 -4.32 -2.6959 -2.12
Schooling of Child (years) 1.5197 3.87 2.3443 4.29
Mother's Schooling (years) 0.4609 4.06 0.2979 1.86
Father's Schooling (years) -0.0724 -0.86 -0.1215 -0.94
Ability Estimate -- -- 0.4614 2.42
Primary Reading Score -- -- 0.5434 1.33
Muslim -- -- -2.6875 -1.26
Catholic -- -- -2.1052 -1.15
Traditional Religion -- -- -3.5156 -1.84
Akan -- -- 1.4578 0.81
Ewe -- -- 5.3548 2.27
Ga-Adangbe -- -- 4.4358 1.05
Male Agricultural Wage -- -- 0.0141 1.14
Wage Data Missing -- -- 4.6870 1.07
Child Order 0.7397 2.33 0.6090 1.42
Siblings -0.4266 -1.54 0.5393 1.44
Log Per Capita Expenditure -1.4758 -1.44 -- --

School Variables

Travel Time 0.0255 0.83 -- --
Avg. Teacher Experience (yrs) -0.0902 -0.78 -- --

Avg. Teacher Schooling (years) 0.6438 1.65 -0.4274 -0.73
Avg. Teacher Training (years) .-- -- 1.1682 1.16
Blackboard 8.4334 2.43 11.6512 1.97
Library 3.7461 2.01 -2.3233 -0.84
Books per Room (middle) -0.0651 -1.49 -0.0489 -0.70
Books per Room (JSS) .-- -- 0.0405 1.65
Lack of Desks -- -- 3.1594 1.04
JSS Only -4.0497 -2.07 -- --

Shed Classrooms -3.9187 -1.77 -- --

Unusable Classrooms 3.3819 1.29 -6.5465 -1.75
Leaking Classrooms -6.4200 -3.04 -9.7815 -3.28
Enrollment Fees 0.0085 1.79 -0.0080 -1.08
No Electricity -- -- -3.4668 -1.60
Private -- -- 11.7328 1.47

Selectivity Correction Terms

Lambda (Nearest School) 0.7000 0.68 1.3625 0.83
Lambda (Other Local) -- -- 1.2852 1.54
Lambda (School Attainment) .-- -- -- --

Lambda (Late Starting) 0.4991 1.27 0.4512 0.84

Sample Size 163 163

R2 0.3932 0.5368
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Table A3: Determinants of Math Achievement (Probit)

Parsimonious Streamline
Full Model Model Model

Household Variables Coeff. t-stat Coeff. t-stat Coeff. t-stat

Constant 8.3883 0.34 7.1088 0.50 5.0535 0.39
Coast -3.1267 -0.81 -1.9609 -0.81 .-- --

Forest -6.8840 -1.85 -5.2084 -2.44 -3.5265 -3.09
Savannah -3.5532 -0.87 -2.7093 -1.04 -1.0522 -0.58
Semi-Urban 1.4269 0.59 1.0308 0.79 .-- --

Rural 0.6459 0.31
Sex -3.4959 -2.22 -3.8338 -4.15 -3.7446 -4.18
Schooling of Child 1.6505 2.96 1.5162 3.82 1.5237 3.91
Mother's Schooling (years) 0.4006 2.63 0.4561 4.00 0.4242 4.11
Father's Schooling (years) -0.2010 -1.26 -0.0803 -0.95 .-- --

Ability Estimate 0.0669 0.33
Ability Data Missing -0.6527 -0.49
Primary Math Score 0.0719 0.17
Muslim 0.7155 0.16
Catholic 1.5544 0.33
Protestant 1.7357 0.38
Other Christian 0.4269 0.10
Traditional Religion -1.2727 -0.30
Akan 0.6130 0.35
Ewe -0.1567 -0.07
Ga-Adangbe -0.4800 -0.13
Male Agricultural Wage -0.0019 -0.18
Wage Data Missing -0.8547 -0.22 .--

Child Order 0.5470 1.34 0.6935 2.21 0.7371 2.41
Siblings -0.4769 -1.16 -0.4433 -1.61 -0.4813 -1.78
Log Per Capita Expenditures -2.1977 -1.24 -1.8843 -1.79 -1.6692 -1.70
Land Ownership 0.0014 0.24

School Variables

Travel Time 0.0227 0.48
Average Teacher Exp. (years) -0.0790 -0.52 -0.0795 -0.67 .-- --

Average Teacher Sch. (years) 0.6017 1.13 0.6673 1.64 0.5077 1.34
Average Teacher Trg. (years) 0.3491 0.34
Blackboard 12.6661 2.30 9.7825 2.51 8.9489 2.62
Library 4.4424 1.80 3.4558 1.85 3.2678 1.83
Books Per Room (Middle) -0.0686 -1.06 -0.0662 -1.51 -0.0586 -1.38
Books Per Room (JSS) -0.0124 -0.48 .--

Lack of Desks 0.5850 0.19 .--

JSS Only -3.0084 -0.99 -4.7703 -2.27 -4.1378 -2.13
Shed Classrooms -4.5796 -1.41 -4.0100 -1.78 -3.4002 -1.58
Unusable Classrooms 4.2331 0.98 3.0405 1.14 3.7288 1.46
Leaking Classrooms -8.2166 -3.00 -6.6882 -3.13 -6.2007 -2.98
Enrollment Fees 0.0085 1.12 0.0085 1.70 0.0081 1.77
Deny Admission -0.5374 -0.23 .--

No Water 0.7441 0.24 .--

No Electricity 0.2167 0.09 .--

Private School -2.3748 -0.34 .--
Sigma 21 0.7077 0.62 0.7605 1.06 0.7238 1.02
Sigma 31 -0.6048 -0.27 .-- .-

Lambda (Optimal Years) -1.4197 -0.29 .-- **
Lambda (Late Start) 0.6115 1.33 0.5055 1.28 0.4537 1.17

R3 0.4364 0.4006 0.3901

Sample Size 163 163 163
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Table A4: Determinants of Reading Achievement (Probit)

Parsimonious Streamline
Full Model Model Model

Household Variables Coeff. t-stat Coeff. t-stat Coeff. t-stat

Constant -33.3266 -1.08 -29.2886 -2.49 -33.5762 -4.61
Coast -2.2279 -0.46
Forest -6.4348 -1.39 -4.3904 -2.58 -4.2360 -2.93
Savannah -0.6127 -0.12 .--

Semi-Urban 7.3225 2.39 6.9916 2.67 6.2935 2.77
Rural 3.1040 1.21 2.8464 1.28 2.3328 1.15
Sex -2.0051 -0.98 -2.5094 -1.94 -2.6683 -2.19
Schooling of Child 2.5049 3.47 2.3025 4.21 2.3483 4.53
Mother's Schooling (years) 0.2967 1.52 0.2981 1.85 0.2918 1.86
Father's Schooling (years) -0.1753 -0.85 -0.1459 -1.12 -0.0930 -0.75
Ability Estimate 0.5356 1.98 0.5123 2.72 0.4863 2.68
Ability Data Missing 0.1038 0.06
Primary Reading Score 0.6128 0.94 0.5123 1.81 0.6508 1.68
Muslim -4.3070 -0.72 -2.3774 -1.15 -2.4289 -1.21
Catholic -2.9393 -0.48
Protestant -0.7721 -0.13
Other Christian -0.1881 -0.03
Traditional Religion -3.5994 -0.65 -2.5349 -1.40 -2.3120 -1.32
Akan 1.3179 0.58 2.1936 1.22 1.8459 1.09
Ewe 4.9405 1.66 5.6352 2.40 4.5571 2.23
Ga-Adangbe 4.2808 0.88 5.6169 1.36 5.9955 1.49
Male Agricultural Wage 0.0115 0.81 0.0181 1.44 0.0101 0.91
Wage Data Missing 4.3743 0.89 5.7591 1.30 3.3911 0.84
Child Order 0.5420 1.04 0.5929 1.36 0.4886 1.21
Siblings 0.6350 1.19 0.5029 1.33 0.5847 1.68
Log Per Capita Expenditures 0.4836 0.20
Land Ownership -0.0011 -0.15

School Variables

Travel Time -0.0274 -0.40
Average Teacher Exp. (years) -0.1111 -0.57 -0.1344 -0.77 .-- --

Average Teacher Sch. (years) -0.4002 -0.57 -0.4547 -0.76 .-- --

Average Teacher Trg. (years) 1.1139 0.92 1.3772 1.37 1.3446 1.43
Blackboard 11.5771 1.57 10.8373 1.84 9.2053 1.77
Library -3.0889 -0.98 -3.5471 -1.30 -3.9961 -1.51
Books Per Room (Middle) -0.0652 -0.78 -0.0412 -0.59 .-- --

Books Per Room (JSS) 0.0345 1.04 0.0383 1.35 0.0383 1.71
Lack of Desks 4.6594 1.16 2.7775 0.93 .-- --

JSS Only 0.4771 0.13 .--

Shed Classrooms -0.8854 -0.21 .--

Unusable Classrooms -8.3231 -1.47 -7.0380 -1.87 -6.4239 -1.77
Leaking Classrooms -8.4940 -2.47 -9.0372 -3.06 -7.3547 -2.75
Enrollment Fees -0.0100 -0.99 -0.0080 -1.09 -0.0059 -0.91
Deny Admission 1.2117 0.41 .--

No Water 1.8159 0.41 .--

No Electricity -2.9721 -0.89 -3.4458 -1.52 -3.4436 -1.70
Private School 12.0310 1.34 13.1730 1.66 14.8195 1.94
Sigma 21 1.0061 0.63 1.0534 1.01 0.6288 0.66
Sigma 31 0.9617 0.35 .--

Lambda (Optimal Years) -1.9153 -0.30 .-- .

Lambda (Late Start) 0.3798 0.64 0.3870 0.72 .--

R3 0.5400 0.5265 0.5147

Sample Size 163 163 163
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