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Abstract

We examine the determinants of current enrolment status and relative grade
attainment among primary school children in rural Ethiopia. We use repeated
cross-sectional data from 15 rural villages in Ethiopia to capture the impact of
changing household and child characteristics on enrolment status and relative
grade attainment between 1994 and 2004. Using instrument variable (IV) esti-
mation, we find, first, a positive income effect for schooling enrolments and an
even stronger effect for relative grade attainment. Second, the effect of
income is larger for girls compared to boys. Third, OLS estimates of the
impact of household income are biased downwards relative to IV results.
Finally, observable community characteristics have little role in explaining
schooling. These findings suggest that policies that address the demand-side
constraints with a special focus on girls will have the potential to improve
schooling attainments as well as to reduce gender differences in schooling
attainments found in Ethiopia and elsewhere in sub-Saharan Africa.

JEL classification: I20, I25

1. Introduction

Sub-Saharan African countries have some of the lowest primary school enrol-
ment and school completion rates in the world. For example, the World
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Bank’s 2009 World Development Report indicates that only 60% of Sub-
Saharan African children completed primary school. Economic theory pre-
dicts and many empirical studies confirm that investments in schooling lead
to higher economic and non-economic gains in the future for the individual,
her household and the aggregate economy. Variants of the Mincer (1974)
equation have been widely used to estimate the private returns from school-
ing. Micro-level findings indicate that in developing countries, the private
returns to schooling lie between 5 and 15% (Orazem and King, 2008).1

While difficult to estimate, there is a widespread view that schooling
conveys additional social returns, for example through improvements in ma-
ternal and child health and lower fertility rate (Strauss and Thomas, 1995;
Schultz, 2002).

The conjunction of high private and social returns to schooling combined
with low enrolments and completion rates points to the value of understand-
ing the determinants of schooling enrolments and grade attainments in
Africa. Although this appears to be awell-trodden territory with studies iden-
tifying labour market returns, parental education, household income, child
health and school characteristics as key determinants of schooling,2 closer in-
spection reveals important limitations in the extant literature. Consider
Behrman and Knowles’s (1999) review of studies that examine the associ-
ation between income and schooling. Out of the forty-two studies they
examine, twenty-one analysed determinants of final schooling attainments
(grades or years of schooling) using current socio-economic characteristics.
Such an empirical specification is potentially misspecified since the
right-hand-side characteristics do not map to the year in which the schooling
investment decision is made.3 Most of the studies theyconsider relyon single-
year cross-sectional data which cannot capture the impact of changing socio-
economic environment on schooling investments across cohorts. Nearly
90% of these studies treat household characteristics such as income as pre-
determined, thereby ignoring potential correlation between income and un-
observed characteristics that also affect schooling. Finally, only a quarter of
the papers reviewed by Behrman and Knowles used both short-run (enrol-
ment, drop-out) and long-run (completed grades, test scores, years of
schooling) measures of schooling in their analysis.

1 See Psacharopoulos and Patrinos (2004) for the estimated private returns to schooling for
over forty countries.

2 See Schultz (1988), Rosenzweig (1990), Lillard and Willis (1994), Parish and Willis (1993),
Glewwe and Jacoby (1995), Behrman and Knowles (1999) and Alderman et al. (2006).

3 See Bommier and Lambert (2000) for more recent evidence based on this approach.
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This paper contributes to the literature on the determinants of schooling
in sub-Saharan Africa by taking these methodological issues seriously. Using
repeated cross-sectional data from rural Ethiopia, we estimate the determi-
nants of schooling including both current enrolment and a longer term
measure of schooling progression, relative grade attainment. Second, our
repeated cross-sectional data allow us to capture the impact of the changing
socio-economic environment on schooling among primary school children
between 1994 and 2004. Third, we restrict our analysis sample to primary
school-age children for whom the socio-economic characteristics map to
the year in which the schooling investment decision is made. Restricting
the sample to include primary school-age children only also addresses indi-
vidual specific out-migration-related selection concerns. Our sample has
very little attrition at the household level, addressing potential biases asso-
ciated with household migration. Fourth, we construct a measure of school-
ing progression—relative grade attainment—that allows for delays in grade
accumulation. This measure is computed as actual completed grades of
schooling divided by potential grades. Where potential grade is calculated
as total number of grades accumulated had the individual completed one
grade of schooling by age 7 and continued to accumulate an additional
grade of schooling in each subsequent year. Fifth, we use an instrument vari-
able (IV) estimation strategy to address the endogeneity problem in our
measure of household income.

Ethiopia is an appropriate setting for a study of schooling. Historically, the
level of schooling attainments has been abysmal with more than 50% of the
population having never attended school (Central Statistical Agency
[Ethiopia] and ORC Macro, 2006). However, the last 15 years has witnessed
a significant increase in primary school enrolment, particularly in rural areas.
In 1995, only 15% of the primary school children from rural areas were cur-
rently enrolled in school (Schaffner, 2004). By 2005, this has more than
doubled to 38.8%. We find that in rural Ethiopia: (a) the impact of household
income on schooling is not time invariant, (b) the demand for schooling pro-
gression is relatively more elastic compared with the demand for schooling
enrolment in all three years, (c) these income effects are substantially
larger for girls compared with boys, and (d) in these data, community char-
acteristics explain little of the changes in enrolment and relative grade attain-
ment, possibly reflecting limited observed variability in these variables.
These findings suggest that policies that address the demand-side constraints
with a special focus on girls will have the potential to improve schooling
attainments as well as to reduce gender differences in schooling attainments
found in Ethiopia and elsewhere in sub-Saharan Africa.
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2. Data

We use data from the Ethiopian Rural Household Survey (ERHS), a longitu-
dinal socio-economic survey administered in selected rural peasant associa-
tions of Ethiopia between 1989 and 2004.4 The first wave of the ERHS was
fielded in 1989 during which households from seven farming villages in
central and southern Ethiopia were surveyed. In 1994, the sample was
expanded, retaining six of the original villages and adding nine additional vil-
lages. These fifteen rural villages are representative of the diverse farming
systems practiced in rural Ethiopia (Dercon et al., 2009). The ERHS provides
extensive information on household composition, income, consumption ex-
penditure, farm and non-farm assets, ownership and value of land and live-
stock units, anthropometrics, crop production and schooling. In 1997 and
2004, the survey also collected detailed village-level information on infra-
structure, wages and prices of consumption goods.

We use observations on primary school-age children from the 1994, 1999
and 2004 waves of the ERHS. There are a number of reasons why we focus on
primary school-age children. First, fewer than 10% of school-age children
complete primary schooling. Hence, it is the socio-economic environment
during primary school age that matters most in determining a child’s com-
plete future trajectory of schooling. Second, including observations on
high school-age children would create considerable selection bias, since
there occurs huge out-migration among high school-age females due to
early marriage. Ezra and Kiros (2001) document that 79% of female migrants
from Ethiopia migrated at the time of marriage with the average age at the
time of marriage being 16 years. Fafchamps and Quisumbing (2005) find
that in the ERHS sample, the average age of first marriage for women is 17
years. While household attrition could be problematic for our analysis, the
low levels of household attrition in the ERHS allay this concern. Only 13%
of the household sample was lost between 1994 and 2004. This partly reflects
the relative immobility of the sample (it is difficult to obtain land if house-
holds migrate) and partly a high degree of institutional continuity in the de-
velopment of these surveys (see Dercon et al., 2012).

We use data collected during the 1994, 1999, and 2004 waves to avoid the
confounding effects of the irregular spacing of the survey rounds. Mirroring
the levels and patterns observed in national statistics, in 1994 only 12.7% of
primary school children were enrolled in school. By 2004, this percentage

4 The smallest administrative unit in Ethiopia is called a ‘peasant association’, which is some-
times equivalent to one village or a cluster of villages. We use the term ‘villages’ and ‘peasant
association’ interchangeably throughout this paper.
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increased to 45.5% (see Figures 1 and 2). Four additional observations
emerge from these figures. First, the large improvements in enrolments
during 1994–99 reflect mostly new enrolments, whereas improvements in
enrolments during 1999–2004 reflect both new and continued enrolments.5

Second, few children are enrolled at young ages. Third, there exists a strong
positive association between male enrolments and age. However, for
females, the relationship between age and enrolment is non-linear, with
enrolments peaking around age 12 and declining thereafter. Lastly, gender
gaps in enrolment narrow over time. Figures 3 and 4 depict trends in relative
grade attainment among primary school-age children. More timely enrol-
ments in 1999 led to a steep increase in the relative grades accumulated.
The pattern of improvement in relative grades is similar to the pattern
observed for enrolment rates. Male–female differences in relative grades in-
crease between 1994 and 1999 and then narrow during 1999–2004.

Figure 1: Male Enrolment Rate

5 Atable of age distributions (available on request) illustrates the entryof new children into the
sample used here in 1999 and 2004. The age distribution in our sample is fairly constant over
time, reflecting that new, younger students are replacing the prior young students, as they
age.
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Figure 2: Female Enrolment Rate

Figure 3: Male Relative Grade Attainment
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3. Conceptual framework

We model the determinants of enrolment and relative grade attainment using
a conditional schooling demand function. These are appropriate when there
exists pre-allocated or non-market goods.6 Specifically, following Pollak
(1969), Thomas et al. (1990) and Glewwe and Miguel (2008), we assume
that the household maximises utility subject to an income constraint and a
schooling production function, where the schooling production function
transforms available home and schooling inputs into schooling outcomes.
The solution to this optimisation problem is a set of conditional demand
functions for all the marketed goods (food, books) where the demand for
each marketed good depends upon prices of all market goods, pre-allocated
consumption of the non-marketed goods (mother’s time spent on child care,
availability of free primary schools), total expenditure on the marketed goods
and demographic factors that affect household preferences.

The conditional schooling demand function is expressed in terms of price
for schooling inputs (Ps

t), price of leisure (wt) and prices of other consump-
tion goods (Pc

t ) as well as total household expenditure (Xt), demographic
characteristics that affect household preferences and life-cycle position

Figure 4: Female Relative Grade Attainment

6 In our sample, every village has a primary school and these do not charge fees for attendance.
Their availability is likely to affect the way in which household allocates resources towards
the purchase of school books and other consumption goods (Pollak, 1969).
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(Dt) and the availability of schools and other village infrastructure (It). It is
also a function of children’s observable characteristics such as age and
gender and unobserved cognitive abilities (uct, uc) that affect parents’ alloca-
tion of schooling inputs. Time-varying and time-invariant rearing and
caring practices (mht, mh) also affect schooling:

S∗t = f (Pc
t , Ps

t,wt,Dt,Xt, uct, uc,mht,mh; It) (1)

The empirical counterpart to the conditional schooling demand function is:

Si = b0 +
∑R

j=1

bjCij +
∑R

j=1

gjHij + 1i + 1h + 1v (2)

where Si is enrolment and relative grade attainment of child i. Enrolment
takes a value of 1 if the child is enrolled in school at the time of the survey,
0 otherwise.7 Relative grade attainment is defined as actual grades divided
by potential grades, where potential grades is calculated as total number of
grades accumulated had the individual completed one grade of schooling
by age 7 and continued to accumulate an additional grade of schooling in
each subsequent year. Means and standard deviations are given in Table 1.

C includes individual-level variables and H captures household-level vari-
ables. We control for the age of the child, male dummy, mother’s age and
measure of parental schooling. Age is specified using dummy variables,
with a separate dummy variable assigned for each year between 7 and 14
years; the omitted category is 7 years. The age dummies capture for age-
specific differences in schooling. The male dummy equals 1 if male, 0 if
female to capture gender-specific differences in schooling. We interact the
age dummies with the male dummy to capture age–gender-specific differ-
ences in schooling.

We include parental schooling as a demand-side determinant. Parents
affect children’s schooling through time spent teaching at home and
through the choice of schooling inputs. Studies find that there is positive
partial relationship between parental schooling and child’s schooling
(Strauss and Thomas, 1995; Tansel, 1997; Schultz, 1988; Brown and Park,
2002; Schaffner, 2004; Orazem and King, 2008). Some studies in the literature
specifically find that mother’s schooling has a greater impact on children’s

7 Some children in our sample are enrolled in religious schools. Our interest is limited to
measuring human capital accumulated through learning subjects like mathematics,
science and social science; none of which is taught in religious schools. For this reason,
we treat children enrolled in religious schools as not enrolled.
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Table 1: Descriptive Statistics

Mean (standard deviation)

Variable name: definition 1994 1999 2004

Household and individual characteristics
Enrolment ¼ 1 if currently enrolled in

school, 0 otherwise
0.13

(0.34)
0.38

(0.48)
0.45

(0.49)
Schooling: actual grades of schooling

completed
0.60

(1.43)
1.13

(1.70)
1.17

(1.67)
Relative grade attained: actual grade

completed divided by potential grade
given age

0.13
(0.38)

0.27
(0.47)

0.24
(0.41)

Household size: total number of
individuals in the household

8.29
(3.17)

7.30
(2.90)

7.15
(2.33)

PCE: log of real per capita household
consumption expenditure

3.79
(0.73)

4.05
(0.76)

4.05
(0.75)

Mother’s schooling ¼ 1 if the mother has
at least one completed grade of schooling,
0 otherwise

0.17
(0.37)

0.22
(0.42)

0.31
(0.46)

Father’s schooling ¼ 1 if the father has at
least one completed grade of schooling,
0 otherwise

0.39
(0.49)

0.44
(0.49)

0.51
(0.50)

Male ¼ 1 if male, 0 otherwise 0.50
(0.50)

0.50
(0.50)

0.51
(0.50)

Age: in years 10.80
(2.29)

10.81
(2.21)

10.70
(2.41)

Land: in hectare per adult member 0.57
(0.56)

0.47
(0.43)

0.64
(0.56)

Livestock units: standardised livestock units 3.16
(4.12)

3.32
(3.10)

3.42
(3.61)

Number of adult males: sum of all males
18 years and older

1.65
(1.18)

1.58
(1.15)

1.49
(0.95)

Number of adult females: sum of all
females 18 years and older

1.71
(1.05)

1.70
(1.03)

1.52
(0.83)

Mother’s age: age of the mother in years 38.64
(9.60)

39.76
(9.91)

40.05
(8.65)

Age of the household head: in years 48.78
(13.49)

49.27
(12.64)

49.31
(12.36)

Observations 2,047 1,877 1,629
Village characteristics

Distance: distance to primary school in
kilometres

2.10
(1.31)

Piped water ¼ 1 if piped water is available
in the village, 0 otherwise

0.18
(0.38)

Electricity ¼ 1 if electricity available in the
village, 0 otherwise

0.31
(0.46)
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education compared with father’s schooling (Singh, 1992; Alderman et al.,
2001; Dostie and Jayaraman, 2006). We are cautious in interpreting these
variables since the presence of common intergenerational unobservables
(such as ability) affect both children’s and parents’ schooling.8 In the
ERHS, parental grade attainment is low, averaging only one grade in 1994
and two grades by 2004. The majority of parents have no formal schooling,
thus there is limited variation in parental grade attainments, making it suit-
able to characterise schooling using dummy variables, equalling 1 if the
child’s mother (father) has at least one grade of formal schooling, 0 other-
wise.9 Mother’s age is included in the regressions to capture mother’s experi-
ence and knowledge, which affects her ability to make household decisions
and schooling-related decisions.

Household-level regressors include number of adult (.18 years) males
and number of adult (.18 years) females, capturing household demograph-
ic composition. Age of the head of the household is included as an additional
regressor to capture household experience and life-cycle position.10

Household resources are often measured in terms of household income or
wealth or expenditures. Increased household income improves enrolment
probabilities (Dostie and Jayaraman, 2006), lowers delays in schooling enrol-
ment (Glewwe and Jacoby, 1995), increases levels of schooling completion
(King and Lillard, 1987), lowers school withdrawal rates (Glick and Sahn,
2000) and improves test scores (Brown and Park, 2002). In our specification,
we include household consumption expenditure as a representation of per-
manent income (Thomas et al., 1990; Behrman and Knowles, 1999). Total
household consumption expenditure is computed as the sum of value of
food items consumed, including purchased and non-purchased consump-
tion goods (consumption out of own stock), and value of non-investment
type non-food items purchased. Non-food items include consumables
such as matches, batteries, kerosene, but exclude expenditure on durables

8 We do not have data that address this problem. For further discussion, see Lillard and Willis
(1994) and Behrman and Rosenzweig (2002).

9 In 1994, 92% of mothers and 80% of fathers had zero completed grades of schooling in our
sample. By 2004, this improved a little to 80% of mothers and 60% of fathers having zero
grades of schooling completed.

10 We exclude for birth order, since birth order is strongly correlated with the number of chil-
dren ever born creating fertility-related selection concerns. For robustness purposes, we
re-estimated our specification including birth order, finding that our coefficient estimates
remain unchanged. We also estimated alternate specifications that indirectly control for
birth order by including the number of older and younger children, again finding that
our coefficient estimates remain unchanged.
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such as housing (Dercon et al., 2009. Consumption is valued using prices
obtained from the market surveys fielded at the same time as the
household surveys. Total household consumption expenditure is divided
by household size to capture the per-person resource availability in the
household. Nominal per capita consumption values are converted to real
per capita consumption expenditure using a food price index. We use the
logarithm of real per capita household consumption expenditure (PCE) to
capture non-linearities in the relationship between this characteristic and
the outcome variables of interest. While prices, demographic characteristics
and local village infrastructure can be treated as exogenous to the household,
total expenditure cannot be treated as exogenous. Total household expend-
iture on all market goods is jointly determined with the demand for school-
ing. Hence, in the empirical work to follow, we will treat PCE as endogenous.

The disturbance term 1v captures village-specific characteristics that affect
schooling. A number of studies find that improvements in school quality
result in higher enrolments (Glewwe and Jacoby, 1994) and early/timely
enrolments (Bommier and Lambert, 2000). Glewwe and Jacoby (1994,
1995) show that school characteristics like building materials, writing mate-
rials and teaching materials are important determinants of test scores and
other measures of cognitive development. However, there are econometric
concerns associated with using measures of school quality. These are en-
dogenous when there is non-random programme placement (Rosenzweig
and Wolpin, 1986). Given this, we adopt two approaches. First, following
Dostie and Jayaraman (2006) and others, we use village fixed effects to
sweep out the impact of all time-invariant village-level characteristics.11

Second, mindful of these econometric issues, for the 2004 survey round
(the only round where we have observed village-level characteristics), we
include three observed village characteristics in an alternative specification.
These are distance to the primary school (a measure of the price of schooling)
and the availability of electricity and piped water.

The remaining unobservables in equation (2) are 1i and 1h. 1h captures
household specific unobservables such as parental preferences and their dis-
count rate.12 1i is assumed to be a random i.i.d. error term.

11 See Glewwe (2002) for detailed review on the supply-side determinants of schooling.
12 We cannot use household fixed effects to remove 1h, since we do not have enough cases of

multiple children from the same household.
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4. Results

4.1 Enrolment

To estimate the determinants of enrolment in each survey round, we estimate
a linear probability model (LPM) with village fixed effects. The village fixed
effects allow us to (a) remove all sources of common village-level unobserva-
bles, and (b) address cluster-related issues in the standard errors since
common village-level unobservables are also cluster effects (Wooldridge,
2003).13 We use a LPM, as logit and probit fixed effect estimators suffer
from the incidental parameter problem (Greene, 2004). Our estimates
account for arbitrary forms of heteroskedasticity using the White (1980) for-
mulation (see Wooldridge, 2002).

Before we move to our preferred estimates, we report results for enrolment
and grade progression using land (hectares per adult member) as a measure
of household resources (Table 2). In Ethiopia, land allocations are based on
local administrative decisions; it is illegal to buy or sell land. These allocations
are determined independent of household’s schooling investment decision
and hence can be treated as exogenous to the household. We interact land
with rainfall to capture non-linear effects of land on schooling. Following
a formulation set out in Maccini and Yang (2009), rainfall is calculated as
the natural log of mean rainfall observed over the kirmet (June–
September) months in year t minus the natural log of mean annual rainfall
computed over 1994–2004. Since more than 90% of the agricultural
output is produced during this season, we construct our rainfall measure
to include the kirmet rains only. We allow these effects to vary by gender.
Results are reported in Table 2. The impact of land while positively associated
with schooling is statistically insignificant and has limited role in explaining
variations in enrolment. The interaction term between land and rainfall sug-
gests that the causal effect of land is related to the amount of rainfall a plot
receives where these effects vary by gender. The coefficient estimate on the
interaction term indicates that the more rainfall a plot receives the lower is
the probability of being enrolled among male relative to female children.
This is not completely surprising since rural households often pull out
male children from school to get some help on the farm. Similar effects are
observed for our measure of grade progression as well for all three waves of
our sample. Rainfall generates both substitution and income effects on
schooling; as a result, the net effect of rainfall on schooling depends in part
on other assets that the household can use for meeting demand for labour.

13 We thank Jeffrey Wooldridge for his assistance on this point.
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Table 2: LPM of Enrolment and Relative Grade Attainment

Variables Enrolment Relative grade attainment

1994 1999 2004 1994 1999 2004
(1) (2) (3) (4) (5) (6)

Mother’s schooling 0.0961**
(0.03)

0.0696*
(0.039)

0.0898**
(0.03)

0.0846*
(0.047)

0.014
(0.040)

0.0880**
(0.036)

Father’s schooling 0.108***
(0.022)

0.0952***
(0.028)

0.0771**
(0.030)

0.114***
(0.025)

0.111***
(0.031)

0.047
(0.034)

Land 20.019
(0.049)

0.070
(0.072)

0.040
(0.037)

20.030
(0.049)

20.128**
(0.058)

0.042
(0.029)

Land × rainfall 0.036
(0.066)

20.122
(0.093)

0.0777*
(0.042)

0.076
(0.064)

0.130
(0.079)

0.003
(0.039)

Land × rainfall × male 20.128*
(0.069)

20.113
(0.097)

20.170***
(0.043)

20.238**
(0.094)

20.228***
(0.079)

20.135***
(0.032)

Land × male 0.045
(0.055)

0.038
(0.087)

0.026
(0.046)

0.143**
(0.070)

0.142**
(0.065)

0.038
(0.035)

Male 0.037
(0.026)

20.054
(0.053)

0.033
(0.049)

0.064
(0.079)

20.093
(0.125)

0.040
(0.078)

Child is 8 years 0.032
(0.022)

0.057
(0.052)

0.125**
(0.051)

0.037
(0.048)

20.231***
(0.081)

0.058
(0.073)

Child is 9 years 0.0819***
(0.028)

0.187***
(0.054)

0.249***
(0.057)

0.009
(0.040)

20.113
(0.087)

0.003
(0.066)

Child is 10 years 0.0617**
(0.025)

0.209***
(0.054)

0.415***
(0.058)

0.008
(0.038)

20.194**
(0.081)

0.103
(0.066)

Child is 11 years 0.0962***
(0.035)

0.266***
(0.056)

0.426***
(0.066)

0.024
(0.045)

20.156*
(0.082)

0.108
(0.073)

(continued on next page )
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Table 2: Continued

Variables Enrolment Relative grade attainment

1994 1999 2004 1994 1999 2004
(1) (2) (3) (4) (5) (6)

Child is 12 years 0.139***
(0.034)

0.313***
(0.055)

0.512***
(0.056)

0.043
(0.041)

20.179**
(0.081)

0.152**
(0.065)

Child is 13 years 0.205***
(0.039)

0.344***
(0.057)

0.440***
(0.060)

0.060
(0.042)

20.164**
(0.079)

0.079
(0.066)

Child is 14 years 0.0941***
(0.034)

0.305***
(0.059)

0.442***
(0.059)

0.043
(0.042)

20.193**
(0.081)

0.131**
(0.063)

Number of adult males 0.014
(0.009)

20.009
(0.010)

0.008
(0.013)

0.004
(0.008)

0.011
(0.012)

20.003
(0.011)

Number of adult
females

20.0192**
(0.008)

0.005
(0.012)

0.0300*
(0.016)

20.0163*
(0.009)

20.0319**
(0.013)

0.008
(0.013)

Mother’s age 0.001
(0.001)

20.00320***
(0.001)

20.002
(0.002)

0.001
(0.001)

0.0001
(0.001)

20.001
(0.002)

Age of the household
head

0.0001
(0.001)

0.0001
(0.001)

0.0001
(0.001)

0.0001
(0.001)

0.002
(0.001)

0.001
(0.001)

Sample size 2,047 1,877 1,629 2,047 1,877 1,629

Notes: Robust standard errors inparentheses;***significantat1%,**significantat5%,*significantat10%.Reference category is femaleaged7
years; village fixed effects and age interacted with male dummies are included but not reported.
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The regression results from the preferred conditional demand function (1)
are reported in Tables 3–5 for 1994, 1999 and 2004, respectively.14 Our pre-
ferred IV estimates for enrolment are reported in columns 2 and 4 of
Tables 3–5. We control for age, gender and the interaction of these to
account for age, gender and age–gender-specific differences in enrolments.15

There is a positive relationship between age and enrolment. The coefficient
estimates on age dummies from column 2 of Table 3 imply that the probabil-
ity of a 13-year-old being enrolled is 11 percentage points higher than the
probability of an 11-year-old being enrolled. The parameter estimates from
the 1999 regressions depict increase in enrolment probabilities among all
age groups capturing both timely enrolments and continued enrolments.
By 2004, the probability of an 8-year-old being enrolled is statistically signifi-
cant and is 9 percentage points higher than the probability of an 8-year-old
being enrolled in 1994, reflecting improvements in timely enrolments.

Estimates for the parental schooling variables reported in column 2 of
Tables 3–5 indicate a strong positive relationship between parental schooling
and enrolment status. A child whose mother has had any schooling is 7 per-
centage points more likely to be enrolled in 1994, 3 percentage points more
likely to be enrolled in 1999 and 7 percentage points more likely to be enrolled
in 2004 compared with a child whose mother has no schooling. A child whose
father has any schooling is 10 percentage points more likely to be enrolled in
1994, 6 percentage points more likely to be enrolled in 1999 and 7 percentage
points more likely to be enrolled in 2004. As children of educated parents may
be more likely to be enrolled on time (at an earlier age) compared with a child
of a less educated parent, we added interaction terms between the age
dummies and the parental schooling variables as additional regressors in
our preferred specification. These interaction terms were all jointly insignifi-

14 We include dummy variables to capture missing observations in our socio-economic char-
acteristics that were replaced by the sample mean in our regression results. These imputa-
tions were done for parental schooling, mother’s age and age of the head of the household.
Fewer than 2% of observations are missing for age of the household head, about 10% for
mother’s age and 15% for parental schooling.

15 We test whether the impact of socio-economic characteristics varied by gender. A joint test
on the interaction between the gender dummy and the socio-economic characteristics from
1994 yields an F-statistic of 1.11 (P-value ¼ 0.35). A similar test on the pooled sample from
1999 yields an F-statistic of 1.39 (P-value ¼ 0.20) and that from 2004 yields an F-statistic of
0.62 (P-value ¼ 0.80). As the impact of these socio-economic characteristics does not vary
by gender, we pool males and females. The age and gender interaction terms in the pooled
specifications allow for age–gender-specific differences in schooling attainments.
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Table 3: Determinants of Enrolment and Relative Grade Attainment, 1994

Covariates Enrolment Relative grade attainment

OLS IV OLS IV OLS IV OLS IV

(1) (2) (3) (4) (5) (6) (7) (8)

PCE 0.031***
(0.01)

0.055
(0.06)

0.05***
(0.01)

0.123*
(0.07)

0.024**
(0.011)

0.188***
(0.059)

0.03**
(0.015)

0.270***
(0.07)

PCE × male 20.04**
(0.019)

20.110*
(0.06)

20.018
(0.019)

20.164**
(0.066)

Mother’s schooling 0.085**
(0.04)

0.07*
(0.043)

0.11**
(0.046)

0.09*
(0.05)

0.074
(0.04)

0.029
(0.05)

0.14**
(0.05)

0.076
(0.06)

Mother’s schooling × male 20.055
(0.04)

20.039
(0.04)

20.13***
(0.04)

20.098**
(0.05)

Father’s schooling 0.107***
(0.02)

0.10***
(0.02)

0.08***
(0.025)

0.08***
(0.026)

0.113***
(0.02)

0.116***
(0.02)

0.095***
(0.02)

0.097***
(0.02)

Father’s schooling × male 0.05
(0.03)

0.04
(0.03)

0.03
(0.03)

0.027
(0.03)

Mother’s age 0.0009
(0.0008)

0.0008
(0.0008)

0.0009
(0.0007)

0.0008
(0.0008)

0.0001
(0.0008)

0.0004
(0.0008)

0.0001
(0.0008)

0.0004
(0.0009)

Age of the household head 20.0001
(0.0005)

20.00004
(0.00005)

0.00009
(0.00007)

0.00002
(0.00005)

0.0001
(0.0004)

0.0004
(0.0005)

0.00002
(0.0002)

0.0004
(0.0005)

Number of adult males 0.014
(0.009)

0.013
(0.0086)

0.014
(0.009)

0.013
(0.0086)

0.002
(0.007)

20.003
(0.008)

0.002
(0.007)

20.002
(0.008)

Number of adult females 20.017**
(0.008)

20.016*
(0.008)

20.017**
(0.008)

20.016*
(0.008)

20.017*
(0.009)

20.008
(0.009)

20.016*
(0.009)

20.009
(0.009)

Male 0.017
(0.02)

0.018
(0.02)

0.18**
(0.076)

0.429*
(0.23)

0.056
(0.07)

0.066
(0.07)

0.140
(0.11)

0.694**
(0.27)
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Dummy variables for child age
Child is 8 years 0.029

(0.02)
0.029
(0.02)

0.034
(0.02)

0.034
(0.02)

0.035
(0.04)

0.035
(0.04)

0.040
(0.04)

0.043
(0.05)

Child is 9 years 0.083***
(0.02)

0.084***
(0.02)

0.087***
(0.02)

0.094***
(0.02)

0.009
(0.04)

0.02
(0.04)

0.011
(0.04)

0.033
(0.03)

Child is 10 years 0.058**
(0.025)

0.058**
(0.025)

0.062**
(0.025)

0.062**
(0.025)

0.004
(0.03)

0.003
(0.03)

0.006
(0.03)

0.008
(0.04)

Child is 11 years 0.093***
(0.03)

0.094***
(0.03)

0.096***
(0.03)

0.099***
(0.03)

0.019
(0.04)

0.028
(0.04)

0.024
(0.04)

0.037
(0.04)

Child is 12 years 0.137***
(0.03)

0.136***
(0.03)

0.138***
(0.03)

0.135***
(0.03)

0.04
(0.04)

0.034
(0.04)

0.043
(0.04)

0.032
(0.04)

Child is 13 years 0.204***
(0.03)

0.206***
(0.03)

0.207***
(0.03)

0.211***
(0.03)

0.05
(0.04)

0.06
(0.044)

0.058
(0.04)

0.072
(0.047)

Child is 14 years 0.092***
(0.03)

0.092***
(0.03)

0.093***
(0.03)

0.096***
(0.03)

0.04
(0.04)

0.044
(0.04)

0.041
(0.04)

0.05
(0.04)

Kleibergen–Paap Wald F-statistic 41.97 20.58 41.97 20.58
Hansen J-statistic 2.53

[0.11]
4.03
[0.13]

0.40
[0.52]

0.79
[0.67]

Chi-squared test for equality of maternal
and paternal schooling parameters

0.23
[0.63]

0.33
[0.56]

0.67
[0.41]

2.62
[0.10]

Chi-squared test for equality of maternal
and paternal schoolingeffects on male
children

1.55
[0.21]

1.37
[0.24]

4.81
[0.02]

6.15
[0.01]

Chi-squared test for equality of maternal
and paternal schooling effects on fe-
male children

0.36
[0.54]

0.06
[0.81]

0.67
[0.41]

0.09
[0.76]

(continued on next page )
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Table 3: Continued

Covariates Enrolment Relative grade attainment

OLS IV OLS IV OLS IV OLS IV

(1) (2) (3) (4) (5) (6) (7) (8)

Hausman’s test: PCE 20.19
(0.11)

20.18
(0.12)

20.09
(0.12)

20.11
(0.11)

Hausman’s test: PCE × male 20.05
(0.04)

0.02
(0.04)

Notes: Robust standard errors in round brackets; ***significant at 1%, **significant at 5%, *significant at 10%. Reference category is female
aged 7 years. Village fixed effects and age interacted with male dummies are included but not reported; P-values reported in square brackets for
the Hansen J-statistic, and the chi-squared tests. Sample size is 2,047. IVs used in columns 2 and 6 are land and lagged livestock units. IVs used in
columns 4 and8 are land, lagged livestockunits, land × male dummyand lagged livestockunits × male dummy. Thefirst-stageregressionresults
are reported in Tables A1 and A2.
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Table 4: Determinants of Enrolment and Relative Grade Attainment, 1999

Covariates Enrolment Relative grade attainment

OLS IV OLS IV OLS IV OLS IV

(1) (2) (3) (4) (5) (6) (7) (8)

PCE 0.041**
(0.018)

0.379*
(0.19)

0.05**
(0.02)

0.495**
(0.20)

0.045***
(0.01)

0.498**
(0.21)

0.06***
(0.02)

0.561***
(0.20)

PCE × male 20.018
(0.02)

20.14*
(0.08)

20.045*
(0.026)

20.084
(0.07)

Mother’s schooling 0.061
(0.04)

0.031
(0.04)

0.06
(0.04)

0.027
(0.05)

0.006
(0.03)

20.034
(0.04)

20.01
(0.05)

20.05
(0.06)

Mother’s schooling × male 0.003
(0.05)

0.010
(0.06)

0.045
(0.07)

0.041
(0.07)

Father’s schooling 0.093***
(0.027)

0.061*
(0.035)

0.07**
(0.03)

0.04
(0.44)

0.106***
(0.03)

0.064*
(0.037)

0.088**
(0.037)

0.047
(0.04)

Father’s schooling × male 0.03
(0.04)

0.026
(0.05)

0.03
(0.04)

0.03
(0.05)

Mother’s age 20.003***
(0.001)

20.004***
(0.001)

20.003***
(0.001)

20.004***
(0.001)

20.00002
(0.001)

20.001
(0.001)

20.0003
(0.001)

20.001
(0.001)

Age of the household head 0.0004
(0.0009)

20.0004
(0.001)

0.0002
(0.0009)

20.0006
(0.001)

0.001
(0.001)

0.001
(0.001)

0.001
(0.001)

0.001
(0.001)

Number of adult males 20.003
(0.01)

0.021
(0.01)

20.0028
(0.01)

0.025
(0.01)

0.017
(0.011)

0.051**
(0.022)

0.018
(0.11)

0.053**
(0.02)

Number of adult females 0.008
(0.01)

0.033*
(0.01)

0.008
(0.01)

0.036*
(0.019)

20.025**
(0.012)

0.008
(0.018)

20.024**
(0.012)

0.009
(0.02)

(continued on next page )
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Table 4: Continued

Covariates Enrolment Relative grade attainment

OLS IV OLS IV OLS IV OLS IV

(1) (2) (3) (4) (5) (6) (7) (8)

Male 20.068
(0.05)

20.077
(0.05)

20.12
(0.12)

0.50
(0.34)

20.091
(0.12)

20.10
(0.12)

0.061
(0.15)

0.21
(0.32)

Dummy variables for child age
Child is 8 years 0.056

(0.05)
0.062
(0.05)

0.057
(0.05)

0.063
(0.06)

20.22***
(0.08)

20.218**
(0.08)

20.224***
(0.08)

20.216**
(0.08)

Child is 9 years 0.182***
(0.05)

0.16***
(0.05)

0.182***
(0.05)

0.15**
(0.06)

20.11
(0.08)

20.145
(0.08)

20.116
(0.08)

20.146
(0.09)

Child is 10 years 0.202***
(0.05)

0.16***
(0.06)

0.201***
(0.05)

0.154**
(0.06)

20.20**
(0.08)

20.25***
(0.08)

20.20**
(0.08)

20.25***
(0.09)

Child is 11 years 0.258***
(0.05)

0.20***
(0.07)

0.254***
(0.05)

0.178**
(0.07)

20.16**
(0.08)

20.238***
(0.09)

20.16**
(0.08)

20.25***
(0.09)

Child is 12 years 0.312***
(0.05)

0.311***
(0.05)

0.315***
(0.05)

0.311***
(0.06)

20.18**
(0.08)

20.181**
(0.08)

20.18**
(0.08)

20.18**
(0.08)

Child is 13 years 0.338***
(0.05)

0.301***
(0.06)

0.336***
(0.05)

0.294***
(0.06)

20.168**
(0.07)

20.217**
(0.08)

20.17**
(0.07)

20.22**
(0.08)

Child is 14 years 0.30***
(0.05)

0.271***
(0.06)

0.30***
(0.05)

0.26***
(0.07)

20.195**
(0.07)

20.23***
(0.09)

20.19**
(0.08)

20.23**
(0.09)

Kleibergen–Paap Wald F-statistic 8.56 4.35 8.56 4.35
Hansen J-statistic 3.29

[0.07]
3.66
[0.15]

7.13
[0.007]

6.98
[0.03]
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Chi-squared test for equality of maternal
and paternal schooling parameters

0.33
[0.55]

0.29
[0.58]

2.96
[0.08]

2.30
[0.12]

Chi-squared test for equality of maternal
and paternal schooling effects on
male children

0.46
[0.49]

0.20
[0.65]

1.57
[0.20]

1.12
[0.29]

Chi-squared test for equality of maternal
and paternal schooling effects on fe-
male children

0.04
[0.84]

0.06
[0.81]

1.67
[0.19]

1.35
[0.24]

Hausman test: PCE 20.71
(0.41)

20.79
(0.42)

21.06
(0.44)

21.10
(0.45)

Hausman test: PCE × male 0.08
(0.06)

0.05
(0.06)

Notes: See Table 3. Sample size is 1,877.
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Table 5: Determinants of Enrolment and Relative Grade Attainment, 2004

Covariates Enrolment Relative grade attainment

OLS IV OLS IV IV OLS IV OLS IV IV
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

PCE 0.06***
(0.01)

0.14
(0.10)

0.08***
(0.02)

0.25**
(0.10)

0.25***
(0.07)

0.041**
(0.019)

0.19*
(0.09)

0.039**
(0.019)

0.21**
(0.09)

0.15**
(0.05)

PCE × male 20.03
(0.02)

20.19**
(0.08)

20.19**
(0.08)

0.005
(0.03)

20.024
(0.07)

20.03
(0.07)

Mother’s schooling 0.077**
(0.03)

0.0682**
(0.03)

0.13***
(0.04)

0.11**
(0.047)

0.14**
(0.048)

0.081**
(0.03)

0.064
(0.04)

0.13***
(0.03)

0.115***
(0.04)

0.13***
(0.03)

Mother’s schooling × male 20.11**
(0.05)

20.08
(0.05)

20.08
(0.05)

20.094*
(0.04)

20.097*
(0.05)

20.09*
(0.05)

Father’s schooling 0.077**
(0.03)

0.068**
(0.03)

0.03
(0.03)

0.028
(0.04)

0.04
(0.03)

0.04
(0.03)

0.03
(0.03)

20.002
(0.03)

20.019
(0.03)

20.008
(0.03)

Father’s schooling × male 0.08*
(0.05)

0.082
(0.05)

0.087*
(0.05)

0.09**
(0.04)

0.094**
(0.04)

0.097**
(0.04)

Mother’s age 20.002
(0.01)

20.002
(0.01)

20.002
(0.01)

20.001
(0.001)

20.001
(0.001)

20.0012
(0.002)

20.001
(0.002)

20.001
(0.002)

20.001
(0.002)

20.0009
(0.001)

Age of the household head 20.0003
(0.001)

20.0008
(0.001)

20.0003
(0.001)

20.0009
(0.001)

20.0006
(0.001)

0.0009
(0.001)

0.0001
(0.001)

0.0009
(0.001)

0.0001
(0.001)

0.0006
(0.0009)

Number of adult males 0.001
(0.01)

0.0006
(0.01)

0.001
(0.01)

0.004
(0.01)

0.004
(0.01)

20.006
(0.01)

20.006
(0.01)

20.006
(0.01)

20.006
(0.01)

20.009
(0.01)

Number of adult females 0.029*
(0.015)

0.038**
(0.018)

0.029*
(0.015)

0.040**
(0.01)

0.059***
(0.01)

0.008
(0.01)

0.023**
(0.01)

0.008
(0.01)

0.023**
(0.01)

0.025**
(0.01)

Male 0.009
(0.04)

0.198
(0.04)

0.14
(0.11)

0.762**
(0.32)

0.764**
(0.33)

0.031**
(0.07)

0.049
(0.07)

20.010
(0.12)

0.126
(0.29)

0.161
(0.29)
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Child age
Child is 8 years 0.12**

(0.05)
0.118**
(0.05)

0.11**
(0.05)

0.114**
(0.05)

0.112**
(0.05)

0.054
(0.07)

0.049
(0.07)

0.052
(0.07)

0.051
(0.07)

0.060
(0.06)

Child is 9 years 0.247***
(0.05)

0.253***
(0.05)

0.24***
(0.05)

0.259***
(0.06)

0.265***
(0.06)

0.001
(0.066)

0.051
(0.07)

20.003
(0.06)

0.009
(0.06)

0.009
(0.06)

Child is 10 years 0.415***
(0.05)

0.421***
(0.05)

0.41***
(0.05)

0.414***
(0.05)

0.417***
(0.05)

0.105
(0.06)

0.11*
(0.06)

0.102
(0.06)

0.11*
(0.06)

0.11*
(0.06)

Child is 11 years 0.431***
(0.06)

0.418***
(0.05)

0.43***
(0.06)

0.439***
(0.06)

0.445***
(0.06)

0.114
(0.07)

0.13*
(0.06)

0.11
(0.07)

0.13*
(0.07)

0.13*
(0.07)

Child is 12 years 0.528***
(0.08)

0.539***
(0.05)

0.52***
(0.05)

0.544***
(0.05)

0.55***
(0.05)

0.160**
(0.06)

0.179***
(0.07)

0.156**
(0.06)

0.17***
(0.06)

0.17***
(0.06)

Child is 13 years 0.458***
(0.06)

0.463***
(0.06)

0.45***
(0.06)

0.461***
(0.06)

0.45***
(0.06)

0.089
(0.06)

0.09
(0.06)

0.08
(0.06)

0.09
(0.06)

0.09
(0.06)

Child is 14 years 0.440***
(0.05)

0.445***
(0.05)

0.43***
(0.05)

0.442***
(0.05)

0.45***
(0.06)

0.129**
(0.06)

0.137**
(0.06)

0.127**
(0.06)

0.13**
(0.06)

0.13**
(0.06)

Village fixed effects Yes Yes Yes Yes No Yes Yes Yes Yes No
Distance 20.020

(0.01)
20.02
(0.01)

Distance × male 0.002
(0.01)

20.01
(0.01)

Piped water 0.053
(0.06)

0.014
(0.02)

Electricity 0.0003
(0.02)

0.10
(0.07)

Kleibergen–Paap Wald
F-statistic

26.24 13.34 38.37 26.24 13.34 38.37

Hansen J-statistic 3.42
[0.06]

3.07
[0.21]

0.66
[0.72]

0.182
[0.66]

0.42
[0.81]

0.88
[0.64]

(continued on next page)
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Table 5: Continued

Covariates Enrolment Relative grade attainment

OLS IV OLS IV IV OLS IV OLS IV IV
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Chi-squared test for equality of
maternal and paternal
schooling parameter

0.00
[0.99]

0.00
[0.99]

0.33
[0.56]

0.32
[0.57]

Chi-squared test for equality of
maternal and paternal
schooling effects on male
children

1.91
[0.16]

1.47
[0.22]

1.04
[0.30]

0.46
[0.49]

0.48
[0.49]

0.36
[0.54]

Chi-squared test for equality of
maternal and paternal
schooling effects on female
children

2.29
[0.13]

1.30
[0.25]

2.15
[0.14]

4.96
[0.02]

4.57
[0.03]

5.84
[0.01]

Hausman test: PCE 0.39
(0.25)

0.33
(0.21)

0.09
(0.23)

0.09
(0.21)

Hausman test: PCE × male 0.05
(0.16)

20.04
(0.11)

Notes: SeeTable3. IVs used incolumns 2 and7 are land and lagged livestockunits. IVsused in columns4,5,9 and10are land, lagged livestock units,
land × male dummy and lagged livestock units × male dummy. Sample size is 1,629.
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cant at 1% significance level for all the three enrolment regressions.16 To
assess whether the estimated impact of parental schooling differs by
gender (see Glick, 2008), we interacted parental schooling with the male
dummy. The chi-squared tests reported in Tables 3–5 indicate that in most
specifications we cannot reject the null that the estimated impact of
mothers’ and fathers’ schooling is equal across children of the same
gender. That said, the magnitude of these coefficients suggests that
mother’s schooling has marginally (though not statistically significant)
higher impacts on girl’s enrolment, while father’s schooling has higher esti-
mated effects on boy’s enrolment.

An OLS estimate of the coefficient on PCE is likely to be biased and incon-
sistent due to the following: (a) simultaneity bias arising from the joint de-
termination of household expenditures and the demand for schooling
inputs—a feature of conditional demand functions, (b) omitted variables
bias resulting from the potential correlation between household-specific
time-invariant unobservables (parent’s preferences and time discount rate)
and PCE, and (c) the presence of random measurement error in data
which biases the estimated coefficient on PCE towards zero.17 For these
reasons, we use an IV estimator where we use land and lagged livestock
units as instruments.18 As described above, land allocations are exogenous.
Livestock, however, can be bought and sold to meet current period consump-
tion needs and thus jointly determined with PCE. For this reason, we use
lagged livestock holdings.

The IVestimates of log(PCE) reported in column 2 of Tables 3–5 are gen-
erally larger than the OLS estimates found in the first column of these tables.
This is consistent with any upward bias in the OLS estimates due to omitted
variables being outweighed by downward bias due to measurement error. We

16 The chi-squared statistic values on the interaction between the age dummies and mother’s
schooling for the enrolment regressions in 1994, 1999 and 2004 are (P-values in paren-
theses) 5.06 (0.65), 10.01 (0.18) and 9.18 (0.24) respectively. The chi-squared statistic
values on the interaction between the age dummies and father’s schooling in the enrolment
regressions from 1994, 1999 and 2004 are (P-values in parentheses) 9.74 (0.20), 6.83 (0.44)
and 5.44 (0.60), respectively.

17 Under the strong assumption that there is no random measurement error in the other
regressors, random measurement error in PCE causes an attenuation bias (see
Wooldridge, 2002, pp. 73–76).

18 The first-stage regression results are provided in Tables A1 and A2. Table A1 corresponds to
the IV estimates reported in columns 2 and 6 of Tables 3 and 4 and columns 2 and 7 of
Table 5. Table A2 corresponds to the IV estimates reported in columns 4 and 8 of
Tables 3 and 4 and columns 4 and 9 of Table 5.
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evaluate these estimates at average enrolment rates to obtain our measure on
income elasticity of demand for schooling. Using the IVestimates reported in
column 2 of Tables 3–5 and the mean enrolment rates reported in Table 1, the
enrolment-income elasticity values are 0.38 (1994), 0.97 (1999) and 0.31
(2004). These estimates suggest that the demand for schooling is significantly
responsive to changes in household income. We also allow these income
effects to vary by gender. In column 4 of Tables 3–5, PCE and its interaction
with the male dummy are both treated as endogenous. We find that the esti-
mated impact of income is smaller for males when compared with females.
This is consistent with Mani et al. (2012), who find that the history of school-
ing inputs and resources matters more for females than for males in rural
Ethiopia.

Our IV estimates are robust to concerns regarding instrument validity.
Instruments are considered valid only if they are strongly correlated with
the endogenous regressor and uncorrelated with the error term in the
second-stage regressions. The instruments used here are both strongly corre-
lated with the endogenous regressor and uncorrelated with the error term in
the second-stage regression. We first verify that the endogenous regressor is
strongly correlated with the IV using the Kleibergen–Paap Wald F-statistic,
which is robust to the presence of heteroskedasticity, autocorrelation and
clustering (Kleibergen and Paap, 2006). In the presence of a single endogen-
ous regressor, the Kleibergen–Paap test statistic reduces to the first-stage
F-statistic on the excluded instruments. Staiger and Stock (1997) suggest
that in the presence of a single endogenous regressor, instruments are
deemed to be weak if the first-stage F-statistic on the excluded instruments
is less than 10. Here, the Kleibergen–Paap Wald F-statistic on the excluded
instruments reported in our regressions exceeds 10 in nearly all cases, reject-
ing the null of weak correlation between the instruments and the endogenous
regressor.

Second, we verify that the IVs are uncorrelated with the error term in the
second-stage regressions. Land can be treated as exogenous given the institu-
tional policies which do not allow households to influence land allocation
decisions. However, lagged livestock units can still be correlated with time-
invariant household-specific unobservables. To ensure that the instruments
are uncorrelated with the error term in the second-stage regression, we report
both the Hansen J-statistic and the Hausman (1978) specification test results.
We cannot reject the Hansen J-statistic for majority of the specifications
except for the 1999 results. To check further, we use the Hausman test,
where, under the null of exogeneity in lagged livestock units, PCE estimates
obtained using both land and lagged livestock units as IVs are both consistent
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and efficient. However, if this assumption fails, the alternate estimator, that
is, where PCE estimates are obtained only using land as an IV, must be chosen.
We report the Hausman test statistic on PCE in Tables 3–5. In all cases, except
for grade progression in 1999, we do not reject the null of exogeneity of lagged
livestock units.19

The 2004 survey round collected information on village-level supply-side
characteristics. In column 5 of Table 5, we drop the village dummy variables
and replace them with three covariates: distance to the nearest primary school
(measured in kilometres), a dummy variable to capture availability of electri-
city and a dummy variable to capture availability of piped water. However,
while these supply-side characteristics are correctly signed, they are not stat-
istically significant.

We have assumed that the coefficient estimates on the right-hand-side
variables do not remain constant over time. As a check on this assumption,
we report the results from pooling all 3 years’ data together in Table A3.
The chi-squared test rejects the null of equality of estimates for all categories
of right-hand-side covariates (household consumption, parental character-
istics and village effects).

4.2 Relative grade attainment

Schooling enrolments depict short-term investments in education. They
do not capture regular attendance and grade advancement. To capture
long-term investments in schooling and grade advancement, authors have
previously used completed grades of schooling as an outcome variable of
interest. However, where delayed enrolment is widespread—as is the case
here—many children will have not yet started schooling, thus a large
number of observations are censored at zero. Further, observations on
completed grades of schooling will be right-censored for children currently
enrolled in school. Both sources of censoring make standard OLS estimates
on the right-hand-side variables biased.

One way to address this problem is to restrict the sample to include obser-
vations on children with completed schooling spells alone and estimate an
ordered probit model. However, selective out-migration of such individuals

19 As a further consistency check for the 1999 results, we estimated an alternate specification
where PCE is instrumented with land × rainfall and lagged livestock units. The Hansen J
using these alternate IVs for the specification reported in column 8 of Table 4 is 1.32
(P-value ¼ 0.51), which does not reject the null of exogeneity in lagged livestock units.
We also find that PCE reported in this alternate specification is not statistically significantly
different from the PCE estimates reported in column 8 of Table 4.
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is a concern as is the fact that the right-hand-side variables used to character-
ise the determinants of completed grades may not be representative of the
actual socio-economic environment that affected these attainments. King
and Lillard (1983, 1987) use a censored ordered probit specification where
children who have completed their entire schooling spells (uncensored
observations) and children who have not completed their entire schooling
spell (censored observations) enter the likelihood function separately.
While this addresses both sources of censoring bias, it relies on the strong as-
sumption that children who belong to the uncensored category do not
re-enter schools. To use a censored ordered probit model, we would have
to include high school-age children and this would create sample selection
bias of unknown magnitude and direction. Finally, even though our esti-
mates are likely to suffer from downward censoring bias for children whose
final completed grades of schooling are unknown, our estimates represent
lower bounds on the estimated effect of household income and parental
schooling on child’s relative grade attainment.

Given all this, relative grade attainment (actual grade attained divided by
potential grade given age) is an attractive measure to use as it accounts for
delays in enrolments as well as grade attained conditional on age.
Individuals with the same completed grades of schooling are treated differ-
ently depending upon their age, except if the actual completed grade is
zero. As pooling tests reject the null of pooling all three waves together (see
Table A3), we focus our attention on the results reported in columns 6 of
Tables 3 and 4 and column 7 of Table 5. We use the same control variables
in the relative grade attainment regressions as we used in the enrolment
regressions.20

Parental schooling is positively associated with relative grade attainment,
though it is not consistently statistically significant. To capture possible non-
linear effects, we added interaction terms between the age dummies and the
parental schooling variables to our specification. These were jointly insignifi-
cant at the 5% significance level in all years.21 We interacted parental

20 A joint test on the interaction between the gender dummy and the socio-economic char-
acteristics from 1994 yields an F-statistic of 1.11 (P-value ¼ 0.35). A similar test on the
pooled sample from 1999 yields an F-statistic of 0.65 (P-value ¼ 0.71) and that from
2004 yields an F-statistic of 1.38 (P-value ¼ 0.18). We conclude that the impact of the socio-
economic characteristics included in these regressions does not vary by gender.

21 The chi-squared statistic values on the interaction between the age dummies and mother’s
schooling for the relative grade attainment regressions in 1994, 1999 and 2004 are (P-values
in parentheses) 1.30 (0.98), 7.54 (0.37) and 7.15 (0.41). The chi-squared statistic values on
the interaction between the age dummies and father’s schooling in the relative grade

720 | Subha Mani et al.



schooling with the male dummy as well (see column 8, Tables 3 and 4 and
column 9, Table 5). There are no statistically significant gender differences
in the estimated impact of parental schooling.

As income increases, the gap between actual grades and potential grades
decreases, improving grade progression. We evaluate these estimates at
average relative grade attainment to obtain our measure on income elasticity
of demand for schooling. The IVestimates reported in column 6 of Tables 3
and 4 and column 7 of Table 5 are evaluated at the average relative grade
attainment reported in Table 1, to obtain the relative grade attainment—
income elasticity for each survey round: 1.38 (1994), 1.81 (1999) and 0.79
(2004). Children from higher income households are always more likely to
progress on time compared with children from low-income households.
We also find that the demand for grade progression is more elastic compared
with the demand for enrolment.

We can use the results in Tables 3 and 5 to explore why enrolment and rela-
tive grade attainment increased over the period considered here. We begin
with three observations. First, between 1994 and 2004, enrolment increased
by 32.7 percentage points and relative grade attainment increased by 0.11
(Table 1). Second, when we examine the mean values of the regressors
(Table 1), we see while some increase substantially in value (such as log of
real per capita consumption expenditure increases by 26%), others remain
largely unchanged (age of household head) and some fall (number of adult
females in the household). Third, comparing the enrolment regressions
results from Tables 3 and 5, we see that for any given specification, there
are marked differences in the coefficients on the dummy variables for chil-
dren’s age in 1994 and 2004, with the latter almost always much larger.

These observations suggest that increases in enrolment and relative grade
attainment are being driven by both changes in parameter estimates and
average value of the regressors. We examine this idea more formally by imple-
menting an Oaxaca–Blinder type decomposition. This method decomposes
differences in mean values across groups (here, survey years) into those at-
tributable to changes in mean values of the explanatory variables, those at-
tributable to changes in the parameter estimates associated with those
explanatory variables and the fact that differences in explanatory variables
and coefficients exist simultaneously between the two groups (the interaction
effect). The original formulation of this approach suffered from four

attainment regressions from 1994, 1999 and 2004 are (P-values in the parentheses) 6.54
(0.47), 12.34 (0.08) and 8.03 (0.33).
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weaknesses: (a) the dependence of the decomposition on the reference group
(Oaxaca, 1973); (b) the dependence of categorical variables on the omitted
category (Oaxaca and Ransom, 1999); (c) the need to construct standard
errors to assess the statistical significance of the contributors to the differ-
ences in groups; and (d) the need to extend these methods beyond ordinary
least squares. There is a large literature on all these issues. Jann (2008) sum-
marises this body of work and outlines an integrated solution to all of them.
Our results are based on Jann’s (2008) decomposition method.

The increase in the predicted probability of enrolment, 0.327, is attribut-
able to changes in the mean values of the regressors (0.026), the interaction
effect (20.012 and not statistically significant) and changes in the coeffi-
cients (0.313). Changes in the coefficients account for nearly all, 95.7%, of
the observed change in predicted enrolment probabilities. The change in
the coefficients for log real per capita consumption expenditure and the coef-
ficients for the dummy variables for children’s age accounts for 33.3 and
70.6% of the change in predicted probability enrolment, respectively. With
the caveat that the change in coefficients for log real per capita consumption
expenditure is statistically significant only at the 15% level, the changes in
predicted probabilities of enrolment are driven entirely by changes in these
two characteristics. The increase in predicted relative grade attainment,
0.11, is also attributable to changes in the mean values of the regressors
(0.057), the interaction effect (20.007 and not statistically significant) and
changes in the coefficients (0.06). Changes in the coefficients account for
nearly half, 54.5%, of the observed change in predicted relative grade attain-
ment. Notice that changes in the mean value of the regressors account for the
remaining half of the changes, of which, log of per capita consumption ex-
penditure (0.049) alone accounts for 85% of the observed change. Hence,
both changes in income and changes in the responsiveness of schooling to
income explain for observed improvements in relative grade attainment
during this period.

Explaining why we observe these changes is tricky; effectively we have one
observation for the change in the coefficient on log real per capita consump-
tion expenditure and one observation for changes in the coefficients on the
age dummy variables. So our ability to provide an explanation grounded
in further statistical analysis is greatly constrained. Instead, we offer several
observations about these changes.

Recent work by King et al. (2012) shows a positive correlation between the
returns to human capital and what they term economic freedom (openness
to trade; absence of restrictions on market functioning and so on). As dis-
cussed by Dercon (2006), in Ethiopia the fall of the Marxist-oriented
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Dergue government meant that the period after 1994 coincided with the
elimination of many restrictions on market activities in both the tradable
and non-tradable sectors including those such as coffee production and
wage employment which are skill intensive. Taken together, these studies
are suggestive that returns to schooling either may have been rising or at
the very least, parents perceived that they were likely to rise. If this was the
case, parents would have, at the margin, allocated more resources to school-
ing. If parents care about schooling directly (in their utility function) or if
there are credit market constraints, then income will affect schooling
choices. With credit market constraints, a higher demand for schooling
would result in higher income elasticities because of increasing market
returns due to economic liberalisation. These perceived higher returns to
schooling might also encourage parents to let their children who previously
would not have been enrolled to ‘try out’schooling (hence the increased elas-
ticity observed for enrolment between 1994 and 1999) or to persist in school
(hence the increased elasticity for relative grade attainment in the same
period). Other factors may also be at play. The period 1994–99 is one in
which income of households in this sample grows (Dercon et al., 2012).
Again, with credit market constraints, the income elasticity of schooling
will be positively related to the rate of income growth provided that
income growth itself raises the demand for schooling. This too would
account for the higher elasticity that we observe in 1999 relative to 1994.
However, income growth stagnates between 1999 and 2004 and there is
also a gradual easing of access to credit. Following the logic of this argument,
we would expect the elasticity to fall back towards its earlier level, which is
what we observe for both enrolment and relative grade attainment. In add-
ition, Mani et al. (2012) document that school enrolment in Ethiopia is
path dependent. The positive income shock observed between 1994 and
1999—the increased income elasticity—together with the path dependency
in enrolment creates a hysteresis-type effect whereby the likelihood that a
child at a given age is enrolled rises, which is also what we observe here.
These hysteresis effects will also raise relative grade attainment. That said,
while we regard these observations as plausible explanations, we stress that
this argument is speculative.

5. Conclusion

UNESCO’s 2008 global monitoring report indicates that primary school net
enrolment rate in sub-Saharan Africa have increased from 59% in 1999 to
70% in 2005. Despite this progress, the report notes that nearly 33 million
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children of primary school age are still not enrolled in school. The region as a
whole was home to 45% of the world’s out-of-school children in 2005, of
whom 54% were girls. The low levels of schooling combined with significant
gender differences in schooling points to the value of identifying the determi-
nants of schooling for both males and females in the region.

Our objective in this paper is to contribute to the literature on schooling in
sub-Saharan Africa by using cross-sectional data rich in schooling informa-
tion, available in 5-year intervals between 1994 and 2004 for rural Ethiopia.
We analyse the determinants of both current enrolment status and relative
grade attainment for primary school-age children, addressing the potential
endogeneity of household income in our regression analysis.

Using IV estimation, we find, first, a positive income effect for schooling
enrolments and an even stronger effect for relative grade attainment. The
income effect is masked by OLS estimation. Second, these income effects are
larger for girls than for boys. Third, there exist gender-specific differences in
the estimated impact of parental schooling on children’s schooling, though
these effects may not always be statistically significant. Finally, where we are
able to control for observable community characteristics, we do not find
these supply-side factors to have an important role in explaining the variation
in schooling. These results suggest, therefore, that policies that address the
demand-side constraints such as income with special focus on girls are likely
to improve schooling attainments as well as reduce the gender differences in
schooling attainments found in Ethiopia and elsewhere in sub-Saharan Africa.

We end on two speculative notes. First, much of the literature examining the
determinants of schooling implicitly assumes that these determinants are time
invariant. Our results call this implicit assumption into question, and suggest
the need for repeated cross-sectional data analysis in order to capture episodic
effects. Second, the rise in schooling induced by the income growth between
1994 and 1999, together with changes in perceived returns to schooling, is
likely to have contributed to increasing children’s initial contact with the
school system. Such an outcome may have induced hysteresis-type effects,
resulting in the impressive increases in school enrolments and relative grade
attainment observed in rural Ethiopia over this period.
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Appendix

Table A1: Selected First-stage Estimates for Log per Capita Consumption in Columns (2) and
(6) of Tables 3 and 4 and Columns (2) and (7) of Table 5

1994 1999 2004

(1) (2) (3)

Excluded instruments
Land 0.07*

(0.04)
0.08

(0.05)
0.05**
(0.02)

Lagged livestock units 0.04**
(0.004)

0.01**
(0.004)

0.04**
(0.007)

Second-stage controls
Male 20.02

(0.07)
0.03

(0.07)
20.12
(0.08)

Child is 8 years 0.01
(0.07)

0.002
(0.07)

0.02
(0.08)

Child is 9 years 20.04
(0.07)

0.06
(0.07)

20.06
(0.09)

Child is 10 years 0.02
(0.07)

0.12
(0.07)

20.04
(0.08)

Child is 11 years 20.01
(0.08)

0.17**
(0.07)

20.09
(0.09)

Child is 12 years 0.04
(0.07)

0.009
(0.07)

20.13
(0.08)

Child is 13 years 20.06
(0.08)

0.10
(0.07)

20.05
(0.08)

Child is 14 years 20.0001
(0.08)

0.09
(0.08)

20.04
(0.08)

Number of adult males 0.015
(0.01)

20.07**
(0.01)

20.01
(0.01)

Number of adult females 20.05**
(0.01)

20.07**
(0.01)

20.09**
(0.02)

Age of the household head 20.001
(0.001)

0.001
(0.001)

0.0048**
(0.001)

Mother’s age 0.003**
(0.001)

0.002
(0.001)

0.0001
(0.002)

Mother’s schooling 0.27**
(0.06)

0.09**
(0.04)

0.10**
(0.05)

Father’s schooling 0.006
(0.03)

0.09**
(0.03)

0.09*
(0.04)

R-square 0.29 0.49 0.30

Notes: Robust standard errors in parentheses; **significant at 5%; *significant at 10%.
Village fixed effects included but not reported.
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Table A2: Selected First-stage Estimates for Log per Capita Consumption and Its Interaction
with Male in Columns (4) and (8) of Tables 3 and 4 and Columns (4) and (9) of Table 5

1994 1999 2004

(1) (2) (3)

PCE
Excluded instruments

Land 0.27**
(0.06)

0.09**
(0.04)

0.10**
(0.05)

Land × male 0.006
(0.03)

0.09**
(0.03)

0.09*
(0.04)

Lagged livestock units 0.07*
(0.04)

0.08
(0.05)

0.05**
(0.02)

Lagged livestock units ×
male

0.04**
(0.004)

0.01**
(0.004)

0.04**
(0.007)

PCE × male dummy
Excluded instruments

Land 0.27**
(0.06)

0.09**
(0.04)

0.10**
(0.05)

Land × male 0.006
(0.03)

0.09**
(0.03)

0.09*
(0.04)

Lagged livestock units 0.07*
(0.04)

0.08
(0.05)

0.05**
(0.02)

Lagged livestock units ×
male

0.04**
(0.004)

0.01**
(0.004)

0.04**
(0.007)

Notes: See Table A1 for notes. Second-stage controls included but not reported.
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Table A3: Pooled IV Results for Enrolment and Relative Grade Attainment

Enrolment Relative grade
attainment

PCE 0.46**

(0.21)

0.65**
(0.25)

PCE × 1994 20.40*
(0.22)

20.48*
(0.27)

PCE × 2004 20.36
(0.23)

20.54*
(0.28)

Mother’s schooling 20.08*
(0.03)

20.08*
(0.04)

Mother’s schooling × 1994 0.16**
(0.05)

0.12
(0.07)

Mother’s schooling × 2004 0.16**
(0.05)

0.16**
(0.04)

Father’s schooling 0.003
(0.03)

0.03
(0.03)

Father’s schooling × 1994 0.11***
(0.03)

0.07*
(0.05)

Father’s schooling × 2004 0.07*
(0.04)

0.003
(0.04)

Chi-squared tests
PCE and year interaction terms 7.76

[0.05]
19.13
[0.00]

Maternal schooling and year interaction terms 12.13
[0.00]

8.24
[0.04]

Paternal schooling and year interaction terms 29.54
[0.00]

23.03
[0.00]

Village characteristics 328.06
[0.00]

236.31
[0.00]

Household characteristics and year interaction

terms

22.59
[0.00]

12.54
[0.00]

Village characteristics do not change with time 72.68
[0.00]

76.86
[0.00]

PCE has equal effect in 1994 and 1999 3.16
[0.07]

3.12
[0.07]

PCE has equal effect in 1999 and 2004 2.38
[0.12]

4.02
[0.07]

PCE has equal effect in 1994 and 2004 0.18
[0.66]

0.46
[0.49]

Village × year dummies Yes Yes
Kleibergen–Paap rank Wald F-statistic 4.83 4.83

(continued on next page)
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Table A3: Continued

Enrolment Relative grade
attainment

Hansen J-statistic 1.75
[0.18]

3.10
[0.08]

Notes: Robust standard errors adjusted for clustering at the household level reported in
round brackets; **significant at 5%; *significant at 10%; P-values reported in square
brackets for the chi-squared tests and the Hansen J-statistic. In all the columns, PCE is
instrumented with land, lagged livestock units, lagged livestock units interacted with the
1994 and 2004 year dummies. All other right-hand-side variables are as specified in regres-
sion Tables 2–4 along with a full set of interaction terms with the year dummies; year
dummy ¼ 1 if year is 1994, 0 otherwise; 2004 dummy ¼ 1 if year is 2004, 0 otherwise; omitted
year is category is 1999; the F-statistic values on the excluded IVs for the PCE, PCE × 1994
dummy and PCE × 2004 dummy are 45.6, 20.9 and 20.0, respectively.
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