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The Living Standards Measurement Study

The Living Stantdards Measurement Study (LsM) 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 LSM 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 policymake.

The LSMS Working Paper series was started to disseminate intermediate prod-
ucts from the ISMS. Publications in the series include critical surveys covering dif-
ferent aspects of the ism data collection program and reports on improved
methodologies for using Living Standards Survey (15s) 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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ABSTRACr

Using household survey data from the United States, Brazil and Ghana, we examine the relationship

between parental education and child height, an indicator of health and nutritional status. In all three

countries, the education of the mother has a bigger effect on her daughter's height; paternal education,

in contrast, has a bigger impact on his son's height. There are, apparently, differences in the allocation

of household resources depending on the gender of the child and these differences vary with the gender

of the parent. In Ghana, relative to other women, the education of a woman who is better educated

than her husband has a bigger impact on the height of her daughter than her son. In Brazil women's

nonlabor income has a positive impact on the health of her daughter but not on her son's health. If

relative education of parents and non-labor income are indicators of power in a household bargaining

game, then these results suggest that gender differences in resource allocations reflect both technological

differences in child rearing and differences in the preferences of parents.

All women become like their mothers. That is
their tragedy. No man does. That's his.

Oscar Wilde, The Importance of Being Earnest, Act 1.
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1. INTRODUCTION

How are resources allocated within the household? Whereas sociologists and anthropologists have

attempted to peer into this black box, economists have paid less attention to the question. In almost every study

of household behavior, economic models, implicitly or explicitly, treat resource allocations as the outcome of

maximizing a well-behaved household welfare function (Becker, 1964, 1981) without specifying the mechanisms

underlying the allocation process.'

Economists have paid more attention to a second, related issue: is there evidence for gender bias in the

allocation of resources? A mini-industry revolves around discrimination in the labor market and, within the

household economics literature, several studies have looked at gender differences in human capital investments.

In South and, possibly, Southeast Asia, girls tend to fare worse than boys,2 but the evidence elsewhere seems

quite weak.3

Our aim is to determine whether there is evidence for differences by gender in the allocation of

household resources. We will focus on child health, as measured by height for age. Tests for gender differences

'Ashenfelter and Heckman (1974) report one of the first tests of the household model. McElroy and Homey
(1981) and Manser and Brown (1980) propose alternative models of household decision-making and recently
there has been a resurgence of interest in these models; see Chiappori (1988, 1989), McElroy and Homey,
(1988), McElroy (1990), Ulph (1988), Folbre (1986) and empirical work by Bjom and Vuong (1984, 1985),
Kooreman (1990), Schultz (1990) and Thomas (1990). Behrman (1990) provides an excellent review of the
literature. Blumberg (1988) reviews several empirical studies in the sociology literature.

2D'Souza and Chen (1980) and Rosenzweig and Schultz, (1982) find infant and child mortality in India is lower
among boys; Sen, (1984), Sen and Sengupta (1983) and Behrman (1988) argue, on the basis of anthropometric
indicators, that boys receive preferential treatment in India. Several studies indicate that boys tend to be favored
in the intrahousehold distribution of nutrients (Rosenzweig and Schultz, 1982, and Behrman and Deolalikar, 1989,
for India; Evenson et al., 1980, and Senauer et al., 1988, for the Philippines; Chen, Huq and D'Souza, 1981, for
Bangladesh; Chernikovsky et al., 1983, for India) although part of these differences can be ascribed to different
activity levels (Pitt, Rosenzweig and Hassan, 1989, using data from Bangladesh). Alderman and Gertler (1989)
report the income and price elasticities of the demand for health care are larger for girls than boys in Pakistan.
Finally, Subramanian and Deaton (1990) argue there is evidence in Indian NSS data that parents make more
room in their household expenditures for boys rather than girls.

3There is little evidence other than in Asia for gender differences in infant and child mortality outcomes; gender
differences in levels of anthropometric outcomes are small and often not significant; see, for example, Strauss,
(1988), and Svedberg, (1990), on Africa and Schofield, (1979), on Latin America. In many countries, school
enrolment ratios are higher for boys: Schultz (1987) argues that gender bias in schooling enrollments and
attainments tends to decline with income. Psacharopolous and Arriagada (1989) present evidence for
discrimination against boys in school attendance and performance in Brazil; Chernichovsky (1985) argues there
is discrimination against girls in school attendance in Botswana. In the equivalence scale literature, there is little
evidence for gender bias in the allocation of expenditures in the Cote d'Ivoire and Thailand, (Deaton, 1989), or
in the United States, (Gronau, 1985). See Behrman (1990) for a comprehensive review.
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based on anthropometric data typically compare the mean standardized leves of boys with girls, where the

standards take account of differential growth patterns over age. Since these growth patterns also distinguish boys

from girls, gender differences can only be identified retie to the standards.4 Rather than follow this approach,

we will examine the determinants of child anthropometric outcomes and test for differential impacts of mother's

and father's education on the heights of sons and daughters. Our results will be suggestive of how resources are

allocated within households.

The data are drawn from four household surveys carried out in the United States, Africa and Latin

America. It turns out that in a variety of cultural and economic settings, the effect of a mother's education is

larger on the health of her daughters, than her sons, and that the education of the father has a bigger impact on

the health of his sons than his daughters. There are, then, gender differences in the allocation of household

resources to child health and these differences vary with the gender of the parent.

This may simply reflect differences in the technology of child rearing; for example, it may be efficient

for mothers to spend more time with daughters and fathers with sons. It turns out, however, that relative to

other women, the education of a woman who is better educated than her husband has a bigger impact on the

health of her daughters. Unearned income in the hands of women has a positive effect on daughter's height but

no effect on sons. If unearned income and education differences between husbands and wives are indicative of

power in the household bargaining game, then this additional evidence suggests that the gender differences

reflect both differences in the technology of child rearing and differences in the preferences of parents.

Public policy can change the balance of power within the household. Government transfer programs

may be directed at particular individuals within the household. Development programs and public investments

may favor one gender over another (see, for example, Boserup 1970). Our results suggest that the impact on

child health of a change in household resource allocation mechanisms is unlikely to be gender neutral.

4These are usually the National Center for Health Statistics standards for a well-nourished child in the United
States (NCHS, 1976). Sample based standardizations obviously preclude even these simple sorts of tests for
gender bias.
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2. THEORETICAL MODEL

The model motivating this study is in the tradition of Becker's (1981) model of household utility

maximization but extended to permit household members to have different preferences (Manser and Brown,

1980; McElroy and Horney, 1981). EssentiaUy, assume each household member, m = 1...M, wishes to maximize

his own utility given by.

Vm (x I ; p e) 11]

where x is a vector of commodity demands of each individual in the household, e is a vector of leisure of each

individual and 0 is a vector of home produced goods. This paper wiU focus on one element of 0, namely an

indicator of child health status.

p represents the background characteristics, such as education, of aU household members and e is a

vector representing the unobserved tastes of household members. If aU elements of consumption, leisure, health

and tastes, other than those relating to individual m, are given zero weight in the utility function, then that

individual has egotistical preferences. Evidence suggests, however, that household members do value the

consumption of others and, furthermore, household members make manyjoint decisions.5 Let householdwelfare

be given by the maximum of a Bergson-Samuelson type social welfare function, the arguments of which are each

member's preference functions:

U (Vt, V2, "' VM) [2]

If the household chooses an optimal bundle through some bargaining mechanism, then resource allocations are

affected both by members' preferences and their power to assert their preferences. The latter is related to the

individual's threat point utility. the utility enjoyed upon quitting the household.

If aUl household members have the same preferences then the household welfare maximization problem

is observationaUy equivalent to [1]; alternatively, if one member, m, dictates all resource allocations then a zero

weight is attached to al other felicity functions in [21 and the household optimization problem is, once again, [1].

In the empirical model estimated below, the two assumptions are observationaUly equivalent and we will refer

to this restricted model as the common preference (or dictatoiial) model. These quite severe restrictions have

5In fact, the usual survey definition of a household (that is, eating from the same kitchen) may not be
appropriate. See, for example, Altonji et al., (1989), for a study of the extended family in the United States and
Udry (1990) which suggests there is significant risk sharing among vilagers in northern Nigeria.
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been imposed in virtually every economic model of the household optimization problem; see Folbre (1986) and

Fapohunda and Todaro (1988) for a critical discussion.

In only a small number of cases, the restrictions of the common preference model have been tested.

Ashenfelter and Heckman (1974) reported one of the first tests of Slutsky symmetry for labor force participation

of men and women using aggregate data from the United States; McElroy and Homey (1980) performed

similar tests with individual survey data. In both cases, the common preference assumption is not rejected. In

contrast, recent work with household survey data from two poor countries, indicates that in those cases the

common preferences assumption is violated by the data (Schultz, 1990; Thomas, 1990).

Whatever the mechanism, household welfare [21 is maximized subject to a budget constraint6 and a

production function for each element of the home production vector, e. In the case of child health, it depends

on a set of inputs, M, (such as nutrient intake and the quantity and quality of child care), individual

characteristics, u,, (including age and sex), family characteristics, 14, (such as parental human capital) and

community characteristics, pc, (such as the healthiness of the environment):

01 = 01(m, Pi, 14f PC, 17i) 3

where 'i, represents individual-specific unobserved heterogeneity in health. The technolody underlying the health

production function may vary with the gender of the child and, also, the impact of maternal and paternal

characteristics (including time inputs) may differ. For example, if mothers spend more time with daughters than

sons, and fathers spend more time with sons than daughters, then the impact of parental characteristics on child

health may differ depending on the gender of the child and the parent. If it is more efficient for fathers to spend

time with sons, say, then these differences may simply reflect the technology of health production and have

nothing to do with parental preferences.

As an outcome of this household optimization program, there is a household demand for each element

of consumption, leisure and home production. The focus here is on one element of 9, namely child height, h.

Among nutritionists, it is considered a long run measure of nutritional status (Waterlow et al., 1977); both

nutritionists and economists have suggested that height is also a useful indicator of child health and welfare.

6Each individual may face his own budget constraint with credit transactions taking place between household
members. Some elements of the vector x are public goods and need to be appropriately evaluated in the budget
constraint. Neither of these complications are important for this study and so they are ignored.
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In this model, child height depends on exogenous child, family and community characteristics, pi, pf and p,

respectively1

hi = hi (pi, I&c, t) [4]

where (l represents individual specific heterogeneity, part of which may be common across individuals within a

household because of, for example, family specific health variation.7

The demand for height functions, [4], estimated below will depend on the child's gender and age, pp

parental education, height and non-labor income, 1,. To control, albeit crudely, for community heterogeneity,

Act the functions will be estimated separately for rural and urban sectors or, in one case, the race of the child.

We are interested in the effect of parental education on child height and, in particular, whether maternal

(and paternal) education has the same impact on the height of a daughter and a son. Different effects can arise

for two reasons. Firstly, mothers (and fathers) may have different preferences with respect to the health of their

daughters and sons as embodied in [1]. Secondly, as discussed above, the technology underlying the health

production function, [31, may differ for boys and girls: father's time may have a bigger impad on a son and

mother's time on a daughter. It is not possible from estimates of the impact of parental education on child

height in the reduced form [41 to distinguish these hypotheses. If a mother's education has a bigger impact on

the height of her daughter, this simply indicates that she allocates more resources to the health of girls than boys.

We wil, however, also attempt to disentangle the role of technology from preferences in two ways.

Firstly, education is highly correlated with potential earnings and so, cetenis paribus, a better educated spouse is

likely to have more power in the determination of household resource allocations. In game-theoretic terms, a

better educated spouse will have a higher threat point utility. For one survey, we will compare the estimated

education effects of women who are better educated than their husbands with the estimated effects for all other

women.

A smaU number of studies have considered the role of a husband's and wife's earnings on household

resource allocations. In the economic model of the household, however, the allocations of time to market work,

71t has been demonstrated that parental education and, to a less extent, household income, often have a
significant positive impad on child height for age even after controlling for genetic endowment; see Horton
(1986), Behrman and Deolalikar (1990), Barrera (1989), Behrman (1988), Thomas, Strauss and Henriques (1990).
For reviews of the determinants of child anthropometric indicators, see Cochrane, Leslie and O'Hara (1982),
Martorell and Habicht (1986), Behrman and Deolaikar (1988) and Behrman (1990).
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home production and child care are jointly determined and so labor earnings are properly treated as endogenous.

We will assume non-labor income is exogenous8 and since it is likely to affect threat point utility, it may be an

indicator of power in the household game. We will test for differential effects of unearned income in the hands

of mothers and fathers on sons and daughters. We will also compare the evidence for gender preference in

Brazil in 1974 with 1986, a period during which women's opportunities outside the home have increased

substantially.

These are more subtle tests for gender bias in resource allocations than simply comparing mean

(standardized) heights of boys and girls or, analogously in the multivariate regression context, testing for the

significance of a gender dummy in [4]1 Whereas the conventional tests can only identify gender bias relative to

some (arbitrarily chosen) standards, the tests proposed here are independent of standards (the effects of which

are captured in gender and age dummies). Instead, we look at interactions between family characteristics and

child gender. The results will have implications for how household allocations are made and also how changes

in the economic environment are likely to affect the balance between investments in sons and daughters. A

campaign to raise the education level of women, for example, may have significantly different implications for

the healthiness of the next generation of girls relative to boys.

Using data on another indicator of child health, weight for age, Bhuiya et al. (1986) find that in Matlab,

Bangladesh, mother's education has a significant positive effect on son's weight but not on daughter's. King and

Lillard (1987) report that among Malays in Malaysia, mother's and father's education have a significant effect

on daughter's schooling attainment, but not on sons. Among the Chinese in Malaysia, mother's education has

a positive effect on both but father's education affects only son's schooling attainment. King and Bellew (1989)

report that, in Peru, both parents' education significantly raises the probability a child (aged 8 through 19) attends

school. Maternal education has a bigger effect on the probability a daughter is at school, relative to a son;

paternal education has a bigger impact on the son. Desai et al. (1989) fmd that a mother's education significantly

affects her daughter's intellectual ability (measured by the Peabody Picture Vocabulary Test) but not her son's

ability. However, none of Bhuiya et al., King and Lillard, King and Beilew or Desai et al. reports whether the

effects of maternal (or paternal) education are significantly different on girls relative to boys. In urban Brazil,

8This is a strong assumption since current unearned income reflects, in part, past labor supply. Since our analysis
will be restricted to families with young children, most of the parents are early in the life cycle and so their
unearned income is likely to be more than just saved past earnings.

6



Thomas (1990) finds that non-labor income attributed to mothers has a (significantly) bigger effect on the weight

for height of daughters, relative to sons, and that unearned income in the hands of fathers has a bigBer impact

on his sons' weight for height. A similar pattern is reported for the impact of parental education on height for

age. These results, together with those reported for Malaysia, Peru and the United States, suggest there may

be gender preference within the household with mothers devoting more resources towards their daughters and

fathers towards their sons.

7



3. EMPIRICAL RESULTS

There are a limited number of surveys which include information on both child anthropometry and

household socio-economic characteristics. Four household surveys will be analyzed in this paper: one each from

the United States and Ghana and two from Brazil. All of the analysws draw on the theoretical model outlined

above and estimate the demand for height function, [4], following a similar empirical strategy. Heights are

converted to age and gender specific z-scores using the NCHS (1976) standards for a population of well

nourished children in the United States: these z-scores are used in all the analyses below. Since each survey

involves its own peculiar empirical issues, the data and results are described separately in the next four sub-

sections.

(a) National Longitudinal Survey: Mother and Child Samnple, 1986

In the United States, information has been collected on the labor market, education, training and marital

experiences of young men and women since 1979, on an annual basis, as part of the National Longitudinal Survey

(NLS) Youth Cohort. In 1986, a series of Child Assessment instruments were completed for almost 5,000

children of women in the NLS Youth cohort. These instruments included a set of cognitive, socio-emotional and

physiological tests, information from the mother on the child's health, as well as child anthropometric measures.

Analysis is restricted to information on 4,704 children less than twelve years of age.9 These children are not

drawn from a random sample of the United States population: 38% of the children in the sample lived in families

with income below the poverty line in 1986.10 Relative to the average United States child, those in the sample

tend to have younger mothers (with an average age of 25 years) and more minority mothers (slightly less than

50% are white, 32% are black and the rest are hispanic). Their mothers are also less well educated: 60%

completed high school and only 18% proceeded to further education.

Mean standardized z-scores of child height are reported in Table 1; a z-score of zero implies that the

child's height is equal to the median height of a well-nourished child. Girls tend to be slightly taller than boys,

relative to the standards, but none of these differences is significant. The average white and hispanic child is the

9This is the same data source used in Desai et al. (1989) who restricted attention to 4 year old children.

' 0For details on the sampling frame, attrition and interviews, see Baker and Mott (1989).
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Table 1

Heights of sale and female children:
Tests for differences in u-scores

# of per cent Mean child height z-scores
children stunted female male difference

United States
National Longitudinal Survey: Mother & Chlld sample, 1986
(All children < 12 years)
All children 4704 3.4 0.127 0.033 0.094

[0.04] [0.04] [0.05]
Blacks 1513 4.2 0.254 0.190 0.064

[0.07] [0.08] [0.11]
Hispanics 856 13.1 0.018 -0.102 0.120

[0.09] [0.08] [0.12]
Whites 2335 3.3 0.083 -0.015 0.098

[0.05] [0.06] (0.07]
Ghana
Living Standards Survey, 1988-9
(Children < 12 years)
Urban 990 15.7 -0.975 -1.209 0.234

[0.09] [0.07] [0.11]
Brazil
Household expenditure survey (ENDEF), 1974-5
(Children < 8 years)
Northeast urban 9266 24.8 -1.321 -1.473 0.152

[0.02] [0.02] [0.03]
(Children 3 - 60 months) 6176 22.8 -1.386 -1.538 0.152
Northeast urban [0.03] [0.03] [0.04]

Demograhic and Health Survey, 1986
(Children 3 - 60 months)
Northeast urban 647 11.6 -0.959 -1.203 0.244

[0.08] [0.07] [0.10]
Northeast rural 659 22.0 -1.321 -1.473 0.152

[0.02] [0.02] [0.03]

Notes
% stunted is proportion below 90% of median height of well nourished
child of same age and sex (based on NCHS standards). z-scores
computed with same standards. [Standard errors in parentheses.]

9



same height as the median child in the NCHS standards; blacks, however, are significantly taller, reflecting

genetic differences. About 3% of the sample children are stunted (that is, their heights, given age and sex, are

less than 90% of the median height of a US child; Waterlow et at., 1977). The distribution of heights of hispanics

is more fat tailed: 13% of hispanic children are stunted.

Many poor, young women have children out of wedlock; in the NLS Mother Child sample, mothers of

one third of all children had never been married by the first survey date after the child's birth. Furthermore,

a substantial number of women have changed partners since the birth of the child. Although the child assessment

instruments have been employed only once, the NLS is a panel survey and so it is possible to determine the

education of the mother's partner, or husband, in each year of the survey. Among those women who ever report

a partner, his level of education changes for 34% of all women and 55% of black women. This information will

be exploited in order to separately study the impact on child height of the education of the father,"1 the current

partner (in 1986) and the average education of all partners or spouses present in the household since the child's

birth (weighted by the number of years the person is reported to be present); this variable will be referred to

as partners' mean education.

The effects of mother's and her partner's education on z scores of child height are reported for all

children in Table 2. Levels of parental education are represented by three dummies (with the excluded category

being six years of education or less).12 Asymptotic t-statistics are reported below the regression coefficients and

x2 test statistics for joint significance of covariates are reported at the foot of each panel. Al the test statistics

are based on jackknifed estimates of the variance-covariance matrix (Efron, 1982).

Maternal education has a bigger effect on child height than her partner's education presumably because

mothers spend more time in child rearing activities. More important, for this paper, is the fact that independent

of the definition of partner's education, mother's education has a bigger effect on the height of her daughter than

her son. In all regressions, the education effect on daughter's height is positive and significant, but the effect on

11Defined as the man reported as the mother's husband or partner in the first year of the survey after the child's
birth. For children born prior to the first interview in 1979, the husband or partner in that interview is assigned
the status of father.

12In addition to parental education dummies, the regressions include the mother's height and age at menarche
(which affect the health of the child at birth; see Martorell et at.), whether a partner or spouse was present
during the year of the survey and dummies for the race, gender and age of the child.
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Table 2

Effect of education on child height
United States (hIS Hother-Chlld, 1986)

Feudle Hal" Diffrmnc- Females Hal-- Difformnc-

Mother' a education
(1) if 7 -12 yrs 0.739 -0.084 -0.823 0.773 -0.09B -0.870

[2.05] (0.261 11.70] [2.041 [0.281 [1.71]
13-20 yrs 0.937 -0.026 -0.963 0.954 -0.088 -1.041

l2.521 (0.071 11.881 [2.441 10.241 11.931

Partners' mean education
(1) if 7 -12 yrs -0.088 0.137 0.223

10.631 [0.871 11.071
13-20 yrs -0.183 0.235 0.418

11.111 11.171 [1.611

Father's education
(1) if 7 -12 yrs . . . -0.242 0.213 0.455

[0.741 [0.501 [0.851
13-20 yrs . . . -0.257 0.467 0.724

[0.741 [1.051 [1.281

Xe for joint significuce of
mother's education 8.386 0.322 3.621 7.660 0.088 3.966

[0.011 [0.431 [0.08] [0.011] 0.48] (0.071
partners' mean 1.349 1.370 2.623

education [0.26] [0.25] (0.14]
father's education . . . 0.556 2.993 2.660

[0.38] 10.11] 10.131
all covariates 209.447 120.217 329.594 202.196 126.460 328.586

[0.001 [0.00] [0.003 [0.001 [0.001 (0.001

Mother's education
(1) if 7 -12 yr. 0.682 -0.025 -0.707 0.728 -0.012 -0.740

[1.751 [0.071 [1.311 [1.861 [0.031 [1.371
13-20 yr. 0.846 0.019 -0.827 0.899 -0.001 -0.899

[2.121 10.051 (1.471 12.241 [0.00] (1.581

Father's education
(1) if 7 -12 years . . . -0.608 0.504 1.112

11.341 [1.521 [1.981
13-20 years . . . -0.675 0.875 1.550

11.41] [2.42] [2.581
Current partner's education
11) if 7 -12 yrs 0.085 -0.143 -0.227 0.509 -0.472 -0.981

10.231 [0.311 10.391 [1.051 [1.23] [1.59]
13-20 yrs 0.100 -0.038 -0.139 0.569 -0.629 -1.198

[0.26] [0.081 [0.231 [1.143 [1.52] [1.85]

Xe for Joint significance of
mother's education 5.971 0.140 2.275 6.521 0.009 2.793

[0.03] [0.47] 10.161 [0.021 [0.501 [0.12]
father's education . . . 1.324 2.417 7.639

[0.26] 10.151 [0.01]
current partner's 0.074 0.628 0.377 1.986 6.938 3.584

education [0.481 [0.37] [0.413 [0.193 [0.02] [0.08]
all covariates 207.986 116.616 324.532 209.453 136.309 345.688

[0.00] [0.001 [0.00] [0.00] [0.00] [0.08]

Not"s
[t statistics] in parentheses below estimated effects; [p-values] below XI statistics. All statistics
based on jackknifed estimates of variance-covariance matrix. Father's education is education of male
spouse or partner reported in first survey after child's birth. Current partner is spouse or partner
reported in 1986. Partners' mean education is mean of education of all partners/spouses reported by
mother since first survey after birth of child.
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son's height is essentially zero. These gender differences are significant (at a 10% size of test) in two cases. when

partners' mean or father's education are included in the regression. Mothers apparently devote more resources

to improving the health of their daughters than to their sons.

In contrast, both the partner's mean education and father's education have a positive effect on son's

height but a negative effect on daughter's height. The effect of the education of the current partner is much

like maternal education, and has a bigger impact on girls than boys. Current partners, who differ from the

father, may have preferences regarding child health closer to those of the mother or at least behave as if they

do. This may be because of better matching of preferences. Alternatively it may reflect that the mother has

more power in asserting her preferences over child health in the absence of the biological father.

The effects of the father's and the current partner's education are significant only in the regression

which includes both sets of variables; in this case father's education has a significant positive effect on his son's

height and this effect is significantly larger than the effect on his daughter's height. Fathers devote more

resources to improving the health of their sons than their daughters. Current partners, on the other hand, have

a significantly larger effect on girls relative to boys (with a 10% size of test).

Stratification by race turns out to be informative (Table 3). The larger impact of maternal education

on her daughter's height is significant only for blacks and hispanics13 and the education of black mothers has

an absolutely large and significantly negative impact on her son's height. Partners' mean education has a

significantly bigger impact on sons, relative to daughters, only for whites.14 Black and hispanic women prefer

to allocate resources towards their daughters and white men towards their sons.

Regressions for black children only are reported in the lower panel of Table 3 using alternative indicators

of education of the man in the home. Maternal education effects are very robust to the specification of partner's

education: in all cases, she allocates more resources to her daughters. Whether or not current partner's

education is included in the regressions, father's education has a large positive and significant impact on son's

height although this effect is not significantly larger than it is on daughters.

13In the case of hispanics, this is true only for all women relative to those with 0 - 6 years of education.
Individually, the maternal education dummies are insignificant, but taken together they are jointly significant with
a x2 of 5.0 and a p-value of 0.04.

'4This is also true if partners' mean education is replaced by father's or current partner's education.
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Table 3
0

Effect of education on child height
United States (NS Mother-Child, 1986)

(a) Stratified by race of child

Effect of mother's education and momn of all partnera' ducation

Blacks Hispanics Whites
Flaax Mal"e Differawe Fanel. Males Differeance pane. Male. Difference

Mother's education
(1) if 7 -12 yr. 2.28 -2.06 -4.35 0.66 -0.31 -0.98 0.11 1.56 1.46

11.3] [4.3] [2.5] [1.3] [1.61 11.81 [0.3] [1.1] [1.0]
13-20 yrs 2.43 -2.19 -4.61 0.79 0.32 -0.47 0.37 1.61 1.23

[1.4] [4.3] [2.6] [1.4] [1.1] (0.8] [1.0] (1.1] (0.8]
Partners' mean education
(1) if 7 -12 yr. 0.06 0.06 0.00 -0.01 -0.07 -0.06 -0.29 0.27 0.56

[0.2] [0.1] [0.0] [0.0] [0.31 [0.2] [1.6] [1.7] [2.3]
13-20 yr. -0.16 -0.05 0.12 -0.11 0.20 0.30 -0.40 0.33 0.73

[0.6] [0.1] [0.2] [0.3] [0.7] [0.71 [1.8) [1.4] [2.2]

XI for joint significance of
mother's education 2.29 19.27 6.91 2.09 7.21 5.00 3.83 1.11 2.09

[0.21 [0.00] [0.021 [0.2] [0.01] [0.041 [0.07] [0.31 [0.2]
partners' mean 1.17 0.27 0.15 0.14 1.43 1.15 3.38 3.23 6.43

education [0.31 [0.41 [0.51 [0.5] [0.3] [0.31 [0.09] [0.101 [0.02]
all covariates 138.36 108.33 246.89 32.96 20.24 53.26 52.32 38.39 220.08

[0.00] [0.061 [0.001 [0.00] [0.05] [0.01] [0.00] [0.001 [0.00]

(b) Black children

Effect of education of mother, father and currant partner

Education of currant partner Education of child'a father Education of current partner
Feanl Male" Difference rdnales Mals Difference Females Male. Difference

Mother's education
(1) if 7 -12 years 2.32 -2.03 -4.36 2.30 -2.03 -4.33 2.29 -1.98 -4.27

[1.41 [4.1] [2.5] (1.4] [4.4] [2.5] [1.4] [4.3] [2.4]
13-20 years 2.44 -2.14 -4.58 2.42 -2.20 -4.62 2.42 -2.13 -4.55

[1.4] [4.0] [2.6] [1.41 [4.41 [2.61 [1.4] [4.3] [2.6]
Current partner's education
(1) if 7 -12 years 0.12 -0.45 -0.57 . . 0.08 -0.40 -0.48

[0.2] [0.7] [0.6] [0.2] [0.81 [0.61
13-20 years 0.02 -0.68 -0.70 . . 0.02 -0.77 -0.79

[0.01 [1.0] [0.81 [0.0] [1.31 [0.9]
Father's education
(1) if 7 -12 years . . . 0.19 1.59 1.39 0.20 1.57 1.37

[0.0] [4.4] [0.4] [0.0] [4.1] [0.01
13-20 years . , . 0.03 1.56 1.53 0.08 1.81 1.73

[0.0] [3.7] [0.5] [0.0] [3.5] [0.0]

XI for joint significance of
mother's education 2.22 17.10 6.68 2.26 20.36 7.17 2.24 19.30 6.84

[0.21 [0.001 [0.02] [0.2] [0.00] [0.01] [0.2] [0.00] 10.02]
current partner's 0.22 1.34 0.59 . . . 0.07 1.72 0.91

education [0.51 [0.3] [0.4] [0.51 [0.2] [0.3]
father's education . . . 0.43 19.91 0.31 0.20 19.00 0.52

[0.00] [0.00] [0.4] [0.5] [0.00] [0.4]
all covariates 133.09 107.69 240.94 136.88 118.86 255.99 136.33 132.57 269.07

[0.001 [0.00] [0.00] [0.00] [0.00] [0.08] [0.00] [0.00] [0.00]

Notes
See Table 2.
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Robustness of results

Interactions between mother's and her partner's education are small and insignificant. The inclusion

of these interactions has no impact on the results described above. Maternal height is included in each regression

to capture both phenotype and genotype influences on child height; the effect of mother's height is positive and

slightly (but not significantly) larger for girls.

The NLS data also report weight and length at birth for each child. If the results for child height reflect

behavioral differences, then the effect of parental education on the birthweight and length of a girl should be the

same as that on a boy. In all cases, this turns out to be true. In fact, in a regression of growth in height (current

height less birth length), the estimate effects of parental education are almost identical to those described above

although the coefficients of interest are estimated slightly more precisely.

Statistical issues

The sample includes 2,446 women, of whom just over half have more than one child under twelve;

regression errors, ,, which incorporate unobserved family specific health heterogeneity, may not be independent

across observations. The estimation of family fixed effects make little sense in this study. Firstly, it will induce

a selected sample removing all households with one child less than twelve and there are no valid instruments

available to control for this selectivity. Secondly, it will not be possible to determine how maternal education

affects child height. Random effects estimates, however, exploit the efficiency gains associated with the structure

of the errors. Corresponding with the results in panel a of Table 3, random effects estimates are reported in

panel a of Table A.l. A Lagrange Multiplier test for the presence of error components (Breusch and Pagan,

1980) is significantly different from zero only for whites in the fully interacted model; a Hausman test for

correlation between error components and regressors is rejected.15 In all regressions, the differences between

the ordinary least squares and random effects estimates are very small. Since this is true in all the models

reported in this paper, we report only least squares estimates. The assumption that the regression errors are

'1For white children, the LM test is 7.9 (with a critical value of 3.84); the Hausman test statistic is 38.4 which
is less than the critical value of 53.4 for 38 covariates.
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homoskedastic is, however, unambiguously rejected.6 A comparison of the jackknife, White and ordinary least

squares estimators of the variance-covariance matrix is discussed in the appendix; in view of that discussion, all

test statistics in this paper are based on the jackknife.

(b) Ghana Living Standards Swvey, 1988-9

The Ghana Living Standards Survey (GLSS), which was carried out by the Government of Ghana, in

collaboration with The World Bank, collected very detailed information on a nationwide random sample of about

3,200 households. The Ghana LSS is part of a program being inplemented in several developing countries which,

using common instruments, collects extensive socio-economic information from households on expenditure,

income and labor supply, and assets. Demographic data on each individual in the household includes age, sex,

education and anthropometric measures."7

The survey is an ongoing effort with a panel dimension since half the households are enumerated for

two years; we will focus on urban households enumerated during the first year of the survey, 1987-88. For an

African society, women are unusually active in the Ghanian economy, especially in trading and extra-domestic

activities: they thus wield a good deal of power in the household (Peil, 1977; Hill, 1975; Bleek, 1987). Husbands

and wives seldom pool their resources but "prefer to keep their money separate in order to avoid conflicts"

(Oppong, 1982; see also Guyer, 1988). Women are typically responsible for child rearing as well as food

production and distribution: they are likely, therefore, to have a large influence on the nutritional status of their

children. Fathers, on the other hand, tend to be peripheral figures in the lives of their children (Oppong and

Bleek, 1922; Nsamenang, 1987); this reflects, in part, the fact that Ghana is a matrilineal society, at least in the

south.

Fathers are, however, usually responsible for their children's schooling (Bleek, 1982; Ghana Teaching

Service, 1975): investments in the education of women are low (Schultz, 1989). Almost half the women in our

16Lagrange Multiplier test statistics for heteroskedasticity (Breusch and Pagan, 1980) are about 1,000 for each
regression in Table 2. The x2 are all over 400 for the regressions in panel b of Table 3 and for panel a the test
statistics are 182, 458 and 1,245 for blacks, hispanics and whites respectively. The x2s have between 30 and 40
degrees of freedom: clearly homoskedasticity is rejected in all models.

'7Data from the survey have been tabulated in Ghana Statistical Service (1989). The anthropometric and health
data are described in Alderman, (1989).
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sample have received no formal education, about 12% received some primary education and 40%o went beyond

primary school. Historically, men have received much more education; in this sample, 65% have more than

primary education and only 30% have no education at alL

As in the United States sample discussed above, the Ghanaian sample is restricted to children aged less

than twelve years, of whom there are 990 living in 412 households. In Ghana, both boys and girls are

significantly shorter, on average, than a well nourished United States child of the same age; relative to the US

standards, girls are taller than boys, and this difference is also significant (Table 1). About 16.2% of children

in urban Ghana are stunted (have heights below 90% of the US median).

Regression results are reported in Table 4.*8 Maternal education has a significant positive effect on the

height of daughters, which declines with education and this effect is significantly greater than the effect on sons.

Paternal education has a significant negative effect on daughters' heights and, for fathers with primary education,

also on sons' heights although the latter effect is absolutely smaller. Fathers with more than primary education

have a significantly greater effect on their sons' height relative to daughters' and, taking both the father education

covariates together, the impact is significantly larger on sons (with a p-value of 0.08).

In a matrilineal society, children inherit not from their fathers but their mother's brothers. Fathers may,

therefore, divert resources away from their own children to their nephews. Unfortunately no data are available

on members of the extended family to test this hypothesis.

If education is indicative of power in the household bargaining game, then women who are better

educated than their husbands should be able to assert their preferences and direct more resources towards

commodities they care about. In the lower panel of Table 4, a dummy variable is included to identify these

women (who account for 8% of the sample). Relative to other mothers, the education of a woman who is better

educated than her husband has a large and significant (at 10%6) effect on her daughter's height, no effect on her

sons height and this difference is significant. This does not simply reflect non-linearities in maternal education

18 No education is the excluded category. The restriction that primary and secondary education have the same
impact on child height is not rejected; they are therefore grouped together. In addition to parental education,
the regressions include maternal and patemal heights as well as dummies for the child's age and sex. Since data
are available on both parents' height and they are sipificant determinants of child height, the sample has been
restricted to children with both parents present in the household. This restriction also permits an examination
of the effect on child height of the differential between the educational attainment of mothers and fathers. If
paternal height is excluded (so that female headed households are included) then the estimated education effects
are smaler in magnitude. All of this difference can be explained by the change in the sample composition. If
the larger sample is used, the substance of the results reported below is unchanged.
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Table 4

Effect of parental education on child height

Ghana Llrlng Standards Survey, 1988-9: Urban sector

Females males Difference

Mother's education
(1) if primary 1.024 -0.181 -1.204

[1.86] [0.99] [2.07]
(1) if more than primary 0.595 0.079 -0.516

(3.00] [0.44] [1.93]
Father's education
(1) if primary -0.917 -0.798 0.119

[2.49] [2.54] [0.25]
(1) if more than primary -0.549 0.034 0.583

[2.09] [0.17] [1.75]

X' for Joint uigntific-ce of
mother's education 9.687 1.656 6.059

(0.001 10.221 10.021
father's education 6.864 8.706 3.675

[0.021 10.011 10.081
all covariates 368.722 511.518 879.355

10.001 10.001 [0.001
-- __------_------------------_----.-_--------------------------__------------

Mother's education
(1) if primary 0.779 -0.074 -0.853

[1.63] [0.30] [1.64]
(1) if more than primary 0.450 0.258 -0.292

[2.08] [1.61] [1.08]

(1) if mother better educated 0.910 -0.234 -1.184
[1.66] [0.78] [1.87]

Father's education
(1) if primary -0.943 -0.790 0.153

[2.53] [1.94] [0.31]
(1) if more than primary -0.368 0.044 0.324

[1.67] [0.22] [1.11]

9e for Joint significmce of
mother's education 14.267 4.560 7.942

10.001 [0.103 10.021
father's education 7.364 5.856 5.710

10.031 (0.061 10.061
all covariates 340.594 461.549 852.965

10.001 10.00] 10.001

Notes
[t statistics] in parentheses below estimated effects; [p-values]
below X2 statistics. All statistics based on jackknifed estimates
of variance-covariance matrix.
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effects. The result is robust to the inclusion of years of education, of more dummies and both years of education

and the. dummies.

In the survey, 60% of mothers have more than one child under twelve; mother-specific random effects

estimates are almost identical to those in Table 4.'9 Since marriages in Ghana are sometimes polygenous, 12%

of women in the sample live in the same household; household-specific random effects are also essentialy

identical to the OLS estimates.20

In rural Ghana, children are significantly shorter than their urban counterparts: 28% are stunted. Less

than half the mothers have any education and her education has no impact on child height. Paternal education

has a significant negative effect and this effect is (absolutely) larger for daughters. For both parents the

interaction between education and the gender of the child is not significant.

(c) Brazilian household surveys 1974-5 and 1986

Two household surveys from Brazil will be examined. The first survey, the Estudo Nacional da Despesa

Familiar (ENDEF), is a random national sample of nearly 55,000 households carried out by the Brazilian

statistical agency, IBGE, in 1974-5. It is very comprehensive by large scale expenditure survey standards with

data collected on household expenditures and food consumption; in addition to the usual socio-dem ographic

information, each individual reports labor supply and earnings as well as nonlabor income. The height and

weight of all members of the household were measured by an anthropometrist.2 l The second survey was

collected in 1986 as part of the Demographic and Health Survey (DHS) program which has been implemented

in about fifty countries worldwide and focusses on fertility, contraception, maternal and child health.

Brazil, like much of Latin America, is a machista society (Neuhouser, 1989) although sociologists argue

that household allocation decisions are complex and women have a good deal of control over food expenditures

and the distribution of food (Goldani 1989; Neuhouser, 1989). As in Ghana, women are likely to have a big

influence on their children's nutrition. During the twelve years between these two surveys, Brazilian society has

19The hypothesis of no group variance is rejected with an LM test statistic of 4.11 but the Hausman specification
test statistic (28.67) is less than the critical value.

0The LM test statistic for no group variance is 5.596 and the Hausman test is 28.596.

2'The data are presented in tabulations by the Brazilian statistical agency, IBGE (1982).
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seen dramatic changes. Female labor force participation rates have risen by about 20% to 37% in 1986 (IBGE,

1987), while total fertility rates have declined from above 6 in 1974 to about 3.5 in 1986 (National Research

Council, 1983). The influence of the Catholic church has been eroded with a rise in the popularity of civil

marriages, divorce rates and of consensual unions, especially among young adults. (Goldani, 1989; Henriques,

1988). Al these changes suggest women have more opportunities outside the home and so their threat points

will have risen during this period: a bargaining model of household resource allocations would suggest women

have a bigger influence on outcomes in the later survey.

Anthropometric data in the DHS were recorded for children aged 3 to 60 months living in the

Northeast, the poorest region of Brazil.22 There are 1316 children in this sample. To facilitate comparisons, the

ENDEF sample will also be restricted to the Northeast; results for both urban and rural children will be

discussed although we wiDl focus on urban households. Since the heights of al household members were

recorded in ENDEF, the sample will be restricted to 9,266 children less than eight years old, both of whose

parents are present in the household.

Although Brazil has invested relatively little in education given its level of income (Schultz, 1987) there

is no apparent difference in enrolment rates by sex In the 1974-5 ENDEF sample, almost 30% of mothers are

illiterate, 16% have completed (four years of) elementary school and 9% have more education; fathers are very

slightly better educated.23 According to the 1980 Brazilian census, women have recently overtaken men in levels

of education and this is reflected in the 1986 DHS: urban women have 4.8 years of education on average, their

partners have 4.6 years; in the rural sector, the average woman has spent only 1.9 years at school, her partner

2.1 years.

The average child in the Northeast of Brazil is substantially shorter than a well-nourished child in the

United States but slightly taller than a Ghanaian child. There have been dramatic improvements in the

nutritional status of Brazilian children over the last fifteen years. The proportion of 3 to 60 month old urban

children who were stunted halved between 1974 and 1986 (to 11%). Rural children are significantly shorter; 38%

were stunted in 1974 and 22% remained stunted in 1986.

22Tabulations of these data are presented in BEMFAM-DHS, (1989).

23Education in this survey is reported in discrete intervals only, respondents who claimed to be able to read and
write but had less than four years of education were deemed 'literate'.
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Table 5
Effect of parental education on child height

Brazll, ENDEF 1974-5 : Urban Northeat

Feuales Kales Difference

Mother's education
(1) if literate 0.344 0.217 -0.127

[6.60] (3.93] [1.67]
(1) if completed elementary 0.445 0.334 -0.111
school [6.17] [4.09] [1.01]

(1) if completed secondary 0.835 0.572 -0.264
school or higher [8.10] [5.38] [1.78]

Father's education
(1) if literate 0.189 0.268 0.079

[3.54] [4.80] [1.02]
(1) if completed elementary 0.399 0.595 0.196
school [5.39] [7.24] [1.78]

(1) if completed secondary 0.666 1.132 0.466
school or higher [6.96] [11.12] [3.34]

j for Joint significance of
mother's education 80.117 33.139 4.357

(0.001 (0.001 (0.111
father's education 52.984 128.040 11.475

(0.001 (0.001 (0.011
all covariates 6242.888 6791.399 13032.880

(0.001 t0.001 (0.001

Mother's nonlabor income 0.232 0.002 -0.231
(Cr$ 000000) [2.72] [0.02] [1.80]

Father's nonlabor income 0.039 0.029 -0.010
(Cr$ 000000) [1.75] [1.02] [0.26]

Mother's education
(1) if literate 0.341 0.216 -0.125

[6.54] [3.90] [1.64]
(1) if completed elementary 0.434 0.330 -0.104
school [5.99] [4.03] [0.95]

(1) if completed secondary 0.803 0.556 -0.247
school or higher [7.81] [5.25] [1.67]

Father's education
(1) if literate 0.189 0.267 0.079

[3.53] [4.80] [1.02]
(1) if completed elementary 0.396 0.591 0.195
school [5.36] [7.20] [1.76]

(1) if completed secondary 0.649 1.122 0.473
school or higher (6.77] [10.85] [3.36]

x8 for Joint significance of
mother's education 75.744 31.863 4.019

(0.001 (0.001 10.131
father's education 50.579 122.487 11.589

(0.00] (0.001 (0.011
all covariates 6275.592 6800.600 13074.781

(0.00] (0.001 (0.001

Notes
[t statistics] in parentheses below estimated effects; [p-values]
below X2 statistics. All statistics based on jackknifed estimates
of variance-covariance matrix.
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In both Brazilian surveys and in the Ghanaian survey, girls are significantly taller than boys, relative to

a well nourished child in the United States. While it may be that there is gender bias in Ghana and Brazil, it

seems likely that growth paths there are systematically different from those in the United States. Comparisons

of levels of standardized anthropometric measures seems to be a weak basis for statements about the presence

or absence of gender bias in a society.

(i) Estudo Nacional da Despesa Familiar, 1974-5

In the urban ENDEF sample (Table 5), both parents' education have a significant positive effect on child

height. The impact of mother's education is bigger on girls although the significance of this difference is

marginal. Father's education has a bigger effect on boys and this difference is clearly significant (taken jointly);

for boys, the effect of paternal education is significantly larger than the impact of maternal education.

In this sample, 35% of fathers and 14% of mothers report any unearned income.24 Each parent's

unearned income is added to the regression in the lower panel of Table 5; the parental education coefficients

hardly change. Father's nonlabor income has no impact on child height. Mother's unearned income, however,

has a positive and significant impact on her daughter's height and a negative (but insignificant) effect on her

son's height. This difference is also significant (at a 10% size of test). Women apparently prefer to allocate

resources to improving the health of their daughters.

In the rural sector, parental education is a significant determinant of child height. None of the

interactions between education and gender of the child is significant.

(ii) Demographic and Health Survey, 1986

Table 6 reports the regression results for the 1986 DHS sample. In the urban sector, maternal education

has a significant positive effect on her daughter's height and this is significantly larger than the positive effect on

her son's height. Father's education also has a positive effect on his children's heights but the effect is

significant only for sons; it is (marginally) significantly bigger for sons than daughters. Removing the restriction

that the impact of parental education be linear does not affect any of the results except that the differential effect

of father's education on sons and daughters is no longer significant.

In the rural sector, child height is unresponsive to father's education. Maternal education has a

significantly positive effect on both sons and daughters, which is larger on sons, but this difference is not

24Unearned income includes income from financial and physical assets, gifts and income from pensions, social
security and workers compensation. For a fuller description of the data, see Thomas, (1990).
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Table 6

Effect of parental education on child height

Brazllan Demographlc Health Survey, 1986: Northeast Region

Females Males Difference Females Males Difference

Urban

Mother's education 1.165 0.250 -0.915 2.183 0.776 -1.407
(in years) [4.081 [0.981 12.391 [3.221 11.151 11.471
-"- squared -0.079 -0.044 0.034

11.781 [0.953 [0.531

Partner's education O.lS0 0.797 0.647 0.193 1.222 0.103
(in years) [0.571 [2.99] (1.731 (0.301 [1.883 [1.121
-"- squared 0.000 -0.033 0.033

(0.011 (0.811 (0.491

Xe for Jolt dcmee or
Mother's education 18.169 1.41 6.611

(0.001 [0.251 (0.021
Partner's education 0.561 11.60 2.837

10.381 [0.001 [0.121
All covariates

-------------------------------------------------------------- __-------------__-----------------------------

Pural

Mother's education 0.987 1.312 0.325 1.901 -0.169 -2.070
(in years) 12.671 [3.281 10.601 [2.501 [0.221 [1.91]

squared -0.128 0.159 0.287
(1.481 [1.901 [2.381

Partner's education o.o0s 0.565 0.470 -1.125 0.497 1.623

(in years) (0.231 11.451 (0.821 [1.261 (0.51] (1.23]
-"- squared 0.169 -0.038 -0.208

[1.581 [0.381 [1.411

e for jokt sriknce of
Mother's education 7.485 11.396 5.724

[0.01] 10.001 [0.031
Partner's education 2.541 0.313 2.003

[0.14] [0.431 [0.181
All covariates

Notes
See Table 4.
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significant in the linear model. Permitting quadratics changes the results dramatically. Maternal education

effects on both sons and daughters remain significant; for daughters, there are decreasing marginal returns to

additional maternal education (with the effect turning negative when education exceeds 7.4 years); for sons,

there are increasing marginal returns to education. The difference, however, is significant overall and positive

for the vast majority of mothers (namely the 83% who have less than 3.6 years of education).

The evidence from both Brazilian surveys tell a similar story. Mothers devote more resources to the

health of their daughters and fathers prefer to allocate resources to their sons. The differential impact of

maternal education on sons and daughters turned from being insignificant in 1974 to significant in 1986. This

is consistent with women having more power in 1986 and thus being able to assert their preferences as their

opportunities outside of the home improved.
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4. DISCUSSION

Our evidence indicates that mothers and fathers invest different amounts of resources in the human

capital of the children. Mothers allocate more resources to their daughters and fathers channel resources

towards their sons. This is true in the United States, Brazit and Ghana.

This surely reflects, at least in part, the technology of child rearing which Durkheim (1893) caUled the

sexual division of labor. Over the last two decades there has been a good deal of research by psychologists

indicating that fathers play a bigger role in the development of their sons than their daughters. Fathers spend

more time with their sons and sons show preference for their fathers at an early age (at least from the second

year of life) (Lamb, 1976; Morgan, Lye and Condran, 1988). Mothers, on the other hand, tend to spend more

time with their daughters and have a closer relationship with a daughter than a son. For a synthesis of this

research, see Lamb (1976, 1987). Longitudinal data on child development indicates that the absence of a father

(because of divorce) has a more severe and enduring impact on boys than girls (Hetherington, Hetherington and

Cox, 1978). Similar differences by gender are reported for the impact of divorce on child health (Mauldon,

1990).

Do gender specific investments by mothers and fathers reflect only technological differences? In Brazil

women devote unearned income towards improving the health of their daughters but not their sons. The

difference between the maternal education effects on girls and boys turned from being insignificant in the first

survey (in 1974) to being significant in the second (in 1986); during the same period, women's opportunities

outside of the home probably improved substantially. In Ghana, if a woman is better educated than her husband,

then her daughter benefits more and her son benefits less from her education than if the husband is better

educated than his wife. If unearned income, opportunities outside the home and relative educational status are

indicative of power in the household bargaining game, then these results suggest that more powerful women are

able to assert their own preferences in the allocation of household resources.

There is other evidence in the literature which suggests we may be picking up differences in preferences

of mothers and fathers. Sociologists and demographers have pointed out that the probabiity of marital

dissolution is lower if a couple has a son (Spanier and Glick, 1981). It is argued that this reflects a higher price

of marital dissolution to the father with sons (with whom he spends more time) (Morgan, Lye and Condran,

1988). Fertility preferences are also often gender specific. In the United States, the birth interval between first

and second born is independent of gender of the first child among white women but, among black women, it is

smaller if the first child is a son. Black women apparently prefer daughters (Teachman and Scholtaert, 1989).
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In several developing countries, the data suggest that fathers with sons are more willing to limit their family size

than fathers without sons, (CaldweUl and Caldwell 1978; Mason and Taj, 1987).

Different investments in sons and daughters by mothers and fathers might also reflect different returns

to these investments. Children participate in work within the house and family business from an early age in

Ghana and girls tend to help mothers, boys work with fathers (Kaye, 1962). Children in Africa are also

frequently a source of old age security for parents (Caldwell, 1979); this is likely to be more important for

women who live longer than men. There is, as far as we can tell, no evidence on whether sons or daughters

provide more assistance to mothers or fathers although in a matrilineal society, like Ghana, where women and

daughters retain close ties, it seems plausible that mothers will realize higher returns from investments in

daughters than sons. In the United States, Spitze and Logan (1990) report that daughters are more likely to be

in contact with and assist their parents in old age and that a single mother is significantly more likely to be in

contact with her children if at least one is a daughter. After the father's death, daughters tend to give more

attention to their widowed mothers and sons give less (Hess and Waring, 1978).

Taken together, all this evidence suggests that in a variety of economic, social and cultural settings,

mothers prefer to allocate resources towards daughters. Fathers treat their sons preferentially. As economists,

we need to fmd richer models of household behavior.
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Appendix

This appendix compares estimates of quasi-t statistics based on the jackknife, infmitesimal jackknife
(Jaeckel 1974, also suggested by White, 1980) and the usual formula for the variance-covariance matrix.
Estimates are reported both for least squares and for random effects; for the latter, the variance
covariance matrix for the final weighted least squares estimates is computed by the jackknife, infinitesimal
jackknife and usual methods. As an example, the estimates using the NLS data on black children
(including the education of the father and the mother's current partner) (third column of panel b in
Table 3) are repeated in Table A.1b.

Whereas the difference between least squares and random effects is small, differences between the
standard t statistics and jackknifed ts are in many cases quite large and inference changes in several
instances. The jackknife and White estimates are often quite similar but there are three instances in
which they differ dramatically the estimate of the effect of father's education interacted with the sex
of the child is significant if White t-statistics are used (in both the OLS and random effects estimates)
but not significant if the jackknife or standard estimates are used.

This result is caused by a small number of observations which are leverage points and, therefore, have
a very large influence on the estimates of the variance covariance matrix. The primary difference
between the jackknife and infinitesimal jackknife lies in the weighting of residuals by a transform of the
diagonal element of the hat matrix. This weight has been proposed as a useful indicator of the
influence of observations in the regression model (Belsley, Kuh and Welsch, 1980; Handschin et at.,
1975). Observations with large values of this weight tend to be outliers in the covariate space and are
called leverage points.

Clearly the infinitesimal jackknife or White estimate of standard errors can be serouslymisleading. This
fact has been pointed out by MacKinnon and White, (1982), on the basis of a Monte Carlo study and,
from our own experience, the problem arises in a variety of empirical models: adoption of the jackknife
estimator of the variance covariance matrix is not just an empirical nicety. Since the computational
burden of estimating White and jackknife estimates is virtually identical, all t and x2 test statistics in the
tables are based on the jackknife.

32



Table A.1
Random effects estimates and estimates of quasi-t-statistics

(a) Random effects estlmates : NLS (1986) stratlfled by race of chlld
Effect of mother's education and _ an of all partarsr' education

slack6s i/iEpica Ihitea
Fwleas Hales Difference Fwla" males Difference rnales ales Differenc.

Mother's education
(1) if 7 -12 yra 2.317 -2.063 -4.227 0.648 -0.314 -1.020 0.147 1.560 1.288

E1.38] C4.331 (2.72] (1.271 (1.561 (2.001 (0.391 (1.05] (0.861
13-20 yrs 2.446 -2.188 -4.502 0.776 0.321 -0.499 0.372 1.599 1.092

C1.451 (4.271 (2.861 (1.431 (1.101 (0.871 (0.941 (1.051 (0.711
Partners' man education
(1) if 7 -12 yrs 0.037 0.060 0.066 -0.061 -0.068 -0.016 -0.254 0.267 0.494

(0.14] (0.121 (0.111 (0.221 [0.271 (0.041 (1.401 (1.691 (2.131
13-20 yrs -0.159 -0.046 0.146 -0.182 0.200 0.392 -0.408 0.333 0.702

(0.51] C0.08] (0.231 (0.521 (0.681 (O.861 (1.821 (1.381 (2.211

2 for joint significance of
mother's education 2.294 19.272 8.464 2.092 7.209 5.792 3.833 1.113 1.711

(0.16] (0.001 (0.011 (0.181 (0.011 (0.031 (0.071 (0.29] (0.211
partners' mean 1.167 0.272 0.093 0.137 1.425 1.530 3.382 3.225 5.860

education (0.281 (0.441 (0.481 (0.471 (0.251 (0.231 (0.091 (0.10] (0.031
all covariates 138.358 108.334 237.283 32.961 20.235 53.288 52.317 38.391 199.493

[0.00] [0.061 (0.001 (0.001 (0.051 (0.011 (0.001 (0.001 (0.001

LM test 1.812 3.023 7.897
Hausman test -14.764 -29.338 38.434

(b) Quasi t-stastics : OLS and random effects estimates NLS (1986) Black children
Effect of education of mother, father and current partner

Coefficient Qu-aai t statistics
esti-ate CLS * tiatea Random effects stimates

aS RandAm Stand White Jack- Stand White Jack-
effects -ard knife -ard kzife

Education
(1) if mother's education 7-12 years 2.293 2.377 2.31 1.84 1.36 2.37 1.94 1.43

13-20 years 2.422 2.484 2.41 1.92 1.42 2.45 2.00 1.48
(1) if father's education 7-12 years 0.202 0.156 0.10 1.11 0.00 0.08 0.77 0.00

13-20 years 0.078 0.033 0.04 0.25 0.00 0.02 0.10 0.00
(1) if partner's education 7-12 years 0.083 0.069 0.07 0.21 0.15 0.06 0.17 0.12

13-20 years 0.023 0.051 0.02 0.05 0.04 0.04 0.11 0.08
Education * male interaction
(1) if mother's educ 7-12 years * male -4.274 -4.195 3.04 3.30 2.44 3.14 3.68 2.72

13-20 years * male -4.549 -4.471 3.20 3.44 2.56 3.32 3.83 2.86
(1) if father's educ 7-12 years * male 1.367 1.441 0.56 4.21 0.01 0.63 4.35 0.01

13-20 years * male 1.734 1.819 0.70 3.31 0.02 0.78 3.40 0.01
(1) if partner's educ 7-12 years * male -0.482 -0.387 0.30 0.91 0.64 0.25 0.78 0.54

13-20 years * male -0.792 -0.769 0.47 1.21 0.92 0.48 1.22 0.93
Presence of partner/father
(1) if current partner exists -0.053 -0.026 0.05 0.14 0.10 0.02 0.07 0.04

* male 0.347 0.250 0.21 0.68 0.47 0.16 0.53 0.36
(1) if father present after birth -0.013 0.009 0.01 0.07 0.00 0.01 0.04 0.00

-"- * male -1.245 -1.303 0.51 3.83 0.01 0.57 3.96 0.01
Mother's characteristics
Mother's height (cm) 0.109 0.107 4.16 3.71 3.60 3.94 3.51 3.41

* male -0.044 -0.041 1.19 1.01 0.98 1.12 0.96 0.93
Age of mother at menarche -0.095 -0.099 2.16 2.42 2.36 2.17 2.43 2.35

-"- * male 0.017 0.019 0.27 0.30 0.29 0.31 0.34 0.33
Child characteristics
(1) if child is male 7.363 7.173 2.55 2.22 2.06 2.52 2.21 2.06

aged 6 - 11 months -0.639 -0.593 1.32 1.41 1.36 1.23 1.33 1.28
12 - 17 months -0.837 -0.855 1.78 1.96 1.86 1.82 2.01 1.91
18 - 23 months -0.816 -0.789 1.74 1.69 1.63 1.68 1.66 1.60
24 - 35 months -0.054 0.048 0.13 0.14 0.13 0.12 0.13 0.12
36 - 47 months 0.612 0.612 1.49 1.81 1.74 1.49 1.83 1.77
48 - 59 months 0.692 0.737 1.64 2.11 2.03 1.75 2.28 2.20
60 -107 months 0.737 0.778 1.93 2.47 2.37 2.03 2.66 2.55
108 -143 months 0.656 0.728 1.56 2.14 2.05 1.73 2.44 2.34

aged 6 - 11 months * male -0.789 -0.891 1.19 0.89 0.86 1.35 1.01 0.98
12 - 17 months * male -0.284 -0.291 0.44 0.31 0.30 0.45 0.32 0.31
18 - 23 months * male -0.283 -0.387 0.43 0.30 0.29 0.58 0.41 0.39
24 - 35 months * male 0.080 -0.131 0.14 0.10 0.09 0.23 0.16 0.15
36 - 47 months * male -0.913 -1.010 1.60 1.14 1.10 1.76 1.26 1.22
48 - 59 months * male -0.949 -1.030 1.63 1.19 1.15 1.77 1.29 1.24
60 -107 montNe * male -0.689 -0.795 1.32 0.91 0.88 1.52 1.05 1.02
108 -143 months * male -0.273 -0.429 0.48 0.36 0.34 0.75 0.56 0.54

Constant -8.235 -8.122 4.02 3.51 3.14 3.87 3.39 3,04
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