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Abstract
Gaps in welfare attainment between boys and girls in China have
attracted international attention. In this paper demand analysis is
used to try and uncover the factors which may be driving the
emergence of the gender gaps.
Drawing on household
expenditure data from a poor (Sichuan) and rich (Jiangsu) Chinese
province we are able to test for different types of gender bias in
intra-household allocation. Spending on health is found to be
biased against young girls in the poor but not in the rich province,
whereas there is a bias in education spending against older girls in
both provinces. These biases in household spending were found
to correspond to gender biases in mortality and enrolment
outcomes as revealed in census data for the same year. Split
sample analysis reveals that poorer, less diversified households
exhibit stronger biases against girls. Taken together, the results
suggest that son preference in rural China is not driven solely by
cultural factors pointing to a potential role for public policy.
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Introduction

Son preference is a well known phenomena in many low income countries. What
is less well understood is the extent to which economic factors inßuence preference
for sons. China is perhaps the country where son preference and the consequent
problems of excess female mortality have attracted the most intense media attention
and scrutiny. Academic analysis of this topic, however, has been largely conÞned to
census data (Arnold and Zhaoxiang, 1986; Zeng, 1988; Zeng, et. al, 1993). This tells
us little about whether son preference simply reßects embedded cultural norms or
whether there is potential for it to be eroded by modernisation. This also leaves us
in the dark as to whether or not public policies will be eﬀective in countering son
preference.
This paper draws on household expenditure data to look more closely at these
issues. We begin by examining whether we can detect gender-related biases in household spending in a rich (Jiangsu) and a poor (Sichuan) province. Since consumption by individuals is not observed in household expenditure data, our methods rely
on detecting gender eﬀects in the aggregate spending patterns of households. Engel and Rothbarth procedures developed by Deaton and Muellbauer (1986), Deaton,
Ruiz-Castillo and Thomas (1989), Deaton and Subramanian (1990) and Subramanian
(1995) are used to test for diﬀerential parental valuation of sons versus daughters.
These procedures involve unpacking demand equations to examine whether the presence of children of similar ages but of opposite sexes aﬀect key areas of household
spending diﬀerently.
We then go on to match our household data with census data for the same locations. This allows us to check whether gender-related biases in household spending
correspond with gender biases in living standard outcomes (e.g. sex ratios, age speciÞc mortality and enrollment rates). We are aided in this respect by the fact that
the national census in China was carried out in 1990, the same year for which our
household data were collected. We are thus able to build up a fairly complete picture of living standard outcomes in the two provinces and can check whether any
biases in expenditures that we can detect correspond to biases in outcomes. To our
knowledge this represents the Þrst attempt to undercover mechanisms that might underlie widely observed gender biases in welfare outcomes through direct observance
1

of household demand behaviour using large representative samples. Going the other
way, the matching of census and expenditure data allows us check whether widely
implemented Engel and Rothbarth procedures are themselves capable of detecting
discrimination.1 Examination of census data also allows us to examine potential areas of discrimination which are not discernible in expenditure data. An example is
the possibility that parents adjust the sex ratio of surviving progeny prior to birth
through selective abortion. Expenditure data is incapable of picking up discrimination against unborn children, thus inclusion of census results has value for exploring
this potentially important form of son preference.
Since the onset of reforms in 1978 diﬀerent parts of China have experienced divergent rates of economic growth and market development. Our sample is designed to
capture the two faces of modern China — Jiangsu which has experienced rapid rates
of diversiÞcation and growth, and Sichuan which is considerably more backward and
slower growing. In the Þnal part of the paper we use sub-samples created by splitting
provincial samples according to equivalised consumption expenditure or share of oﬀfarm income to check whether gender biases in intrahousehold allocation vary with the
standard of living or degree of diversiÞcation of the household. Formally this analysis
may be seen as a check on whether income or the composition of income enter into
the sharing rule implemented by parents.2 This type of disaggregated analysis may
provide further insights into whether son preference is driven by economic factors or
whether it is simply a reßection of embedded cultural preferences (see Becker, 1981).
Taken together our results allow us to say something about whether modernisation,
as reßected in rising income and diversiÞcation, will improve the standing of female
children vis a vis male children. This in turn has critical bearing on whether public
policies which encourage growth and modernisation have any power to reduce son
preference or whether more speciÞc, targeted policies will have to be designed.
1

This is an issue as a range of studies employing these methods have failed to reveal signiÞcant

evidence of gender biases in household spending despite the fact that measures of outcomes, drawn
from census and other sources, show clear diﬀerences in welfare outcomes between boys and girls
(see Deaton, 1997 for a review).
2
Changing the overall budget constraint may change parental behaviour towards children. The
composition of income, however, may also be important. Reducing dependence on agriculture, for
example, may alter the valuation of boys versus girls.
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Data

The data used in this paper is drawn from the 1990 Sichuan and Jiangsu provincial
sub-samples of the Rural Household Sample Survey conducted by the State Statistical
Bureau (SSB) of the People’s Republic of China.3 Each sub-sample covers one third of
the counties within a province, ten villages within a county and ten households within
a village, selected by a multistage random sampling process. In 1990, the sample for
Sichuan contained 5,380 households while the sample for Jiangsu contained 3,364
households. Urban household data for Sichuan in 1990 comprising 800 households is
also used for the purpose of comparison (see Burgess, Zhu and Yun, 1996). Household
data is matched and contrasted with rural and urban census data for Sichuan and
Jiangsu drawn from the 1990 Population Census of China which provides information
on mortality and school enrollment rates broken down by sex and age and sex ratios
broken down by age (State Statistical Bureau, 1992).
Sichuan and Jiangsu represent the two faces of modern China, the former being
poorer, slower growing, highly agricultural and located in the central interior of the
country whereas the latter is richer, faster growing, has a high degree of rural industrialisation and is located on the Eastern ‘miracle’ coastal rim of China (see Table
1).4 These contrasts enable us to derive a rich set of results on the interplay between
modernisation and son preference in China.
Two features of the rural household data sets diﬀerentiate it from standard practice and reduce the incidence of non-sampling errors. First, households are required
to maintain cash and in-kind log books on a daily basis over the course of an entire
year. Second, there is an elaborate system for collecting, checking and processing the
data.5 The concept of household expenditure used in the paper is the value of an3

See Burgess and Wang (1995) for a full description of the rural data set (also see Chen and

Ravallion, 1996).
4
If we rank the rural sectors of Chinese provinces according to per capita expenditure (P CE)
Jiangsu with 953 yuan is located near the top of the ranking whilst Sichuan with 569 yuan is
located below the midpoint. Greater oﬀ-farm employment in Jiangsu partly accounts for these large
diﬀerences. In Sichuan 86.5% of the labour force are employed in agriculture and 3.9% in rural
industry whilst in Jiangsu the corresponding proportions are 61.2% and 18.6%. The share of rural
industry in total rural output is 26.9% for Sichuan and 60.4% for Jiangsu (see Statistical Yearbooks
for Sichuan and Jiangsu, 1990).
5
Data entry is supervised by a part-time resident enumerator. Regular monthly inspection of
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nual consumption of goods and services. Total household expenditure thus includes
expenditure on food, tobacco, liquor, tea, clothing, articles for daily use, culture and
recreation, fuel and power, health, education, housing and building, and transport
and communication. The survey also collects information on household members,
including their number, age, sex, occupation and education (see Table 1 for summary
statistics of the main variables used in the analysis).

3

Gender Biases in Household Spending

The time period we are interested in is when the spending decisions which aﬀect
children are under the direct control of parents. We therefore have in mind a unitary
model of the household where intrahousehold allocation decisions are made jointly
by the parents and children are passive recipients of such decisions. We abstract
from the possibility that there may be disagreement between the parents regarding
spending decisions (Thomas, 1994) or that diﬀerent household members inßuence
allocation decisions to diﬀering degrees (Browning and Chiappori, 1996). We assume
that parents have identical preferences and behave like a single unit.

3.1

Methodology

Intrahousehold allocation is not directly observed in the data as expenditure data is
collected at the level of the household. Our methodology to detect gender biases in
intrahousehold allocation depends on examining whether the presence of individuals
of similar ages but of opposite sexes aﬀect key areas of household spending diﬀerently.
To look at these eﬀects we use the familiar Working-Leser Engel form where diﬀerent
age classes (nj ) have been broken down by gender so that separate γ ij coeﬃcients for
males and females can be calculated:
wi = αi + β i ln x + ηi ln n +

J−1
X

γ ij (nj /n) + δ i z + ui

j=1

log-books by county team staﬀ adds another layer of checks to the system.
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(1)

Here wi is the budget share of the ith commodity, x is total household expenditure,6
n is household size,7 nj is number of household members in sex-age class j. We also
include a vector of variables (z) which control for location (county dummies) and for
relevant socioeconomic characteristics of the household.8 The test of gender bias we
employ centers on whether the coeﬃcients γ ij = γ ik , where j and k reßect boys and
girls in the same age group. This can be tested in a straightforward manner using an
F test.
3.1.1

Engel Framework

In the Engel approach to identifying equivalence scales, households with similar budget shares (typically of food) but varying demographic composition are considered to
have similar standards of living. By comparing across diﬀerent age classes (nj ) in (1)
the costs of children relative to adults can be identiÞed. Here we extend this analysis
by examining gender related demand eﬀects within a given age class. If there is a
pro-boy bias we would expect γ ij > γ ik , where j and k reßect boys and girls in the
same age group.
We focus on areas of spending where diﬀerential treatment of sons and daughters
may have permanent and irreversible eﬀects on their welfare as might be reßected in
outcome data such as that from the 1990 census. Therefore we have selected food,
calorie, health and education shares as left hand side variables.
Compared to the standard classiÞcation where adults are deÞned as the group
aged 15 − 54, we have chosen a more disaggregated age breakdown. A total of seven

age classes are thus distinguished, 0 − 4, 5 − 9, 10 − 14, 15 − 19, 20 − 29, 30 − 54,

55+ and each of these are split by gender.9 This allows us to eﬀectively broaden

our analysis from issues of survival to diﬀerences in human capital investment. A
Þner demographic categorisation, for example, enables us to check whether male and
6

β i is the expenditure elasticity; a positive value indicates a luxury and a negative value indicates

a necessity.
7
ηi indicates whether there are economies of scale in the consumption of commodity i.
8
SpeciÞcally, share of net income derived from oﬀ-farm employment (OF F ), education status of
household head (EDU ), whether in a minority region or not (MIN ) can all aﬀect demand and have
thus been included as controls in the regressions.
9
This gives us a total of 14 demographic classes. Thirteen of these are run in each of the
regressions with the F 30 − 54 group being excluded.
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females aged 15 − 19 age group receive diﬀerent levels of investments in education.
Comparisons across age groups are also made more exact as there may be considerable

heterogeneity in demands for food, calories, health and education within the 15 − 54
age group.10
3.1.2

Rothbarth Framework

The second approach we follow is based on the intuition of Rothbarth (1943) that
expenditures on adult goods (e.g. alcohol, tobacco) can be thought of as indicators
of parental welfare. Given a Þxed household budget, the addition of children can be
modelled as a negative income eﬀect (child costs displace adult good consumption)
leading to a reduction of adult good expenditures and adult welfare (see Deaton,
1997). If boys depress adult good consumption more than girls then this can be
taken as an indicator of higher valuation of boys.
The validity of this framework rests on being able to Þnd a set of goods which are
consumed by adults only and for which there are no substitution eﬀects of children.
If adult goods can be identiÞed and consumption of these goods can be interpreted as
an indicator of adult welfare then one can test whether boys and girls have diﬀerent
income eﬀects on adults goods consumption. In practice this is diﬃcult because we
can only Þnd a few goods in our data sets which are consumed only by adults.11 In
addition, the presence of children may aﬀect consumption of these goods through
substitution eﬀects even when parents have been fully compensated for the costs of
children.12
Deaton, Ruiz-Castillo and Thomas (1989) proposed a procedure for testing separability between adult and non-adult consumption as a means of identifying adult
goods. The procedure involves calculating the so-called outlay equivalent ratio, π ij ,
10

For instance, health demands may be particularly strong for women of child bearing age. We

chose to use the more homogenous 30 − 54 female group as our reference as it represents a group

where reproduction has largely ceased and where health demands associated with old age have not
fully set in. Demand for education is also likely to be uniformly low for this group.
11
Our prime candidates are alcohol and tobacco. We also use tea as this commodity is typically

not consumed by children in China. Other adult goods such as adult clothing and footwear are not
available in our data.
12
Parents, for example, may consume less alcohol, tobacco and tea outside the household when
they have children due to child care considerations.
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from the coeﬃcients estimated using adult good shares as left hand side variables in
equation (1):
P

J−1
(η i + γ ij ) − j=1
γ ij (nj /n)
∂(pi qi )/∂nj n
=
π ij =
∂(pi qi )/∂x x
β i + wi

(2)

This ratio expresses the eﬀect of an additional person in the jth age-sex category on
consumption of the adult good in terms of the increase in total expenditure which
produces the same change in expenditure on that commodity, written as a fraction
of per capita expenditure (P CE). Therefore the outlay equivalent ratio of a female
child for alcohol would be the fraction that P CE would have to be reduced to induce
the same reduction in alcohol expenditure as would an additional female child (see
Deaton, 1997). If adults goods are correctly identiÞed we would expect equivalent
ratios for children to be (signiÞcantly) negative which would be suggestive of children
having eﬀects which resemble reductions in income. With full separation and perfect
correlation between adult goods it follows that these ratios should be the same for
all adult goods. Wald tests can be used to check this and provide the basis for the
selection of a valid set of adult goods.
If boys are favoured over girls one would expect the π ij for boys to be more negative
than those for girls in the same age group. This would indicate higher valuation of
boys versus girls. To formally test the equality of π-ratios one can return to equation
(1) and test for the equality of γ coeﬃcients on male and female children in a given
age class using an F test. If there is a pro-boy bias we would expect γ ij < γ ik , where
j and k reßect boys and girls in the same age group.

3.2

Results

At each stage of the analysis, standard F tests were calculated comparing pooled and
unpooled regressions for the two provinces. These tests rejected pooling conÞrming
that the populations in the two provinces diﬀer in their spending behaviour. We exploit these diﬀerences both by working in a comparative framework and by examining
directly how income levels and degree of diversiÞcation aﬀect the gender eﬀects we
observe.

7

3.2.1

Engel Framework

In Tables 2 to 4 we present the Engel curve regressions employing equation (1) for
food, calories, health and education shares. F tests for the equality of γ coeﬃcients
are presented at the bottom of each of the tables.
Food and Calories Food represents the key element in Chinese rural budgets
comprising 64.3% of the budget in Sichuan and 55.7% of the budget in Jiangsu (see
Table 2). Demand patterns for food are similar across the two provinces — relative to
the omitted female 30 − 54 category, children 0 − 4, 5 − 9 and 10 − 14 have a similar

negative impact on the share of the household budget devoted to food. Coeﬃcients
on children of diﬀerent sexes within these age classes, however, do not appear to be
signiÞcantly diﬀerent. This is conÞrmed by F tests reported at the bottom of Table 2
where we can Þnd no evidence of gender biases in spending on food in either province.
As an alternative test we can look at how children of diﬀerent sexes aﬀect demand
for calories as opposed to demand for food.13 If girls exert a more negative inßuence
on household calorie demands than boys then this can be taken as an indication that
boys are valued more highly. Using calories directly may be advisable as food expenditures embody price variation which may not be relevant to the nutritional status
of children — higher costing foods do not necessarily convey greater nutritional value
than lower costing foods. Indeed, demographic eﬀects on calorie demand revealed
in Table 2, indeed, appear more reasonable than those for food share: coeﬃcients
increase with age across the three child groups (0 − 4, 5 − 9, 10 − 14), signalling
increases in calorie needs and convergence towards the needs of the omitted adult
reference group. Despite this we are unable discern any signiÞcant diﬀerence in the
magnitude of coeﬃcients for male and female children as is conÞrmed by the F tests
shown at the bottom of Table 2. There is no evidence of a bias in against girls in
the allocation of calories within the household. Taken together the food and calorie
results would suggest that parents do not engage in selective underfeeding of female
children.
This result is common to a number of other studies (see Deaton, 1997 for a review).
13

In place of food share we use a calorie share measure deÞned as household calorie consumption

divided by household total expenditure.
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One explanation might be that because Chinese households obtain the bulk of their
food and calorie requirements from home production they may be less inclined to
exercise discretion in the allocation of this component of consumption. Universal and
egalitarian access to land may also imply that parents feel less constrained in meeting
food as opposed to non-food consumption needs. A Þnal reason suggested by Ahmad
and Morduch (1993) is that there may be two stage budgeting in food allocations.
Parents may not change their food buying or production decisions if they have a boy
or a girl but they might allot diﬀerent portions or higher quality foods to sons rather
than daughters. These eﬀects will not necessarily show up in tests which focus on
the allocation of total food or calories.
Health and Education Within health and education categories we distinguish
between goods and services as these are distributed through diﬀerent channels, the
former primarily through the market and the latter primarily through public institutions (see World Bank, 1992; Bloom, 1994). Results for estimated health Engel
curves are shown in Table 3. Health expenditures, and in particular health services,
are characterised by having relatively low budget shares.14 Positive coeﬃcients on
total expenditure (β) suggest that both health goods and services represent luxuries
in both provinces. Patterns of demand for health goods and services are similar across
provinces. Demands are highest for the young child groups (0 − 4, 5 − 9) for child

bearing women (F 20 − 29) and for the elderly (55+). If we focus our attention on the
0 − 4 age group where mortality is highest we see that boys appear to receive more

health goods than girls in Sichuan but not in Jiangsu. F tests shown at the bottom
of Table 3 conÞrm that this diﬀerence is statistically signiÞcant. We therefore have
strong and direct evidence of there being a signiÞcant bias against girls 0 − 4 in the

allocation of health goods in Sichuan but not in Jiangsu. The fact that this form of
discrimination is absent in Jiangsu according to these tests raises the intriguing possibility that it may have been eroded by modernisation. Modernisation as reßected
in rising incomes and oﬀ-farm diversiÞcation seems to exert an equalising inßuence
as regards the allocation of health goods across young boys and girls. These results
14

Health services have budget shares in the order of 0.5% in our two provinces whereas Subra-

manian (1995) reports medical service shares in the region of 3 − 5% for Indian states. This partly
reßects the subsidised nature of health services in rural China.
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are striking, in particular as studies in other countries using the Engel method have
on the whole failed to pick up any gender bias in spending on food or health, even in
countries where health outcome data (e.g. sex ratios, mortality rates, anthropometrics) were strongly suggestive of gender bias.15 Our Þnding therefore should be taken
as strong evidence of the existence of a pro-boy bias in the allocation of health good
expenditures in the poorer province.16
We could Þnd no evidence of gender discrimination in the allocation of spending on
health services in either province. The fact that health services were highly subsidised
in 1990, however, does imply that our method may have limited power to detect
discrimination.17 Also, if attendance of a clinic is not costly, whereas drugs and other
health goods need to be purchased in the market, son preference may be expressed
more forcibly in decisions to purchase health goods as opposed to decisions to attend
health clinics. Our decision to run separate regressions for health goods and services
is thus validated. This has not been done in the bulk of other studies.18
The education Engel curve results are shown in Table 4. Shares of education
services (e.g. tuition fees) are higher than those for education goods (e.g. books etc).
On the whole education goods seem to represent necessities although the pattern
is mixed for education services. Demand for education across age-groups is similar
across the two provinces and is concentrated in the 5 − 9, 10 − 14, and 15 − 19

age groups, being strongest for the 10 − 14 group.19 There is evidence of a pro-boy
15

See Deaton, 1989 for Thailand and Cote d’Ivoire, Ahmad and Morduch (1993) for Bangladesh,

Subramanian and Deaton (1990) and Subramanian (1995) for India, Rudd (1993) for Taiwan, and
Deaton (1997) for Pakistan.
16
The correspondence of our results with census health outcome data will be checked in Section
4.
17

This is reßected in the fact that health service budget shares are much lower than those for

health goods (see Table 3).
18
The fact we do not obtain signiÞcant evidence of discrimination when running health spending
as an aggregate (in both our samples) suggests that failure to distinguish between these two elements
of health expenditure may underlie some of the inconclusive results reported in the literature (see
Deaton, 1997 for a review).
19
One noticeable diﬀerence is that demand for education services appears to be much more pronounced in the 15 − 19 age group for Jiangsu. The higher coeﬃcients in the 10 − 14 relative to 5 − 9
group reßect both higher costs of secondary relative to primary education and the fact that primary
school does not begin until children are aged 7.
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bias in the allocation of education goods in the 10 − 14 age group in Sichuan and

in the 15 − 19 age group in Jiangsu.20 In both provinces we Þnd a signiÞcant bias
against females in the allocation of spending on education services in the age group

15 − 19. This diﬀerence is more pronounced for Sichuan suggesting that the bias

against girls may be stronger in the poorer province. Overall the results suggest that

biases against girls with regard to investments in human capital occur earlier and
are more pronounced in the poorer province. Our results suggest that modernisation
may be playing some role in eroding gender biases in education spending. A more
disaggregated age breakdown has thus proved useful for pinpointing the incidence of
gender bias in particular for older children and young adults.21
3.2.2

Rothbarth Framework

Table 6 reports the outlay equivalent ratios calculated using equation (2) from the
regression results obtained from running equation (1) using alcohol, tobacco and tea
budget shares (Table 5). If the adult goods we have selected are valid we would
expect them to give similar estimates of the cost of children. To check this we report
in Table 7 Wald tests of the equality of outlay equivalent ratios across our three
adult goods for each age-sex group (see Deaton, 1987; Deaton, 1989). These tests
indicate that the hypothesis of equality cannot be rejected for any group in Jiangsu
and therefore our choice of adult goods would appear to be validated. For Sichuan,
however, results are much more mixed with equality being rejected for both males and
females in the 10 − 14 age group. These rejections which are by no means uncommon

in the literature highlight the practical limitations of the Rothbarth method. Not
only is often extremely diﬃcult to ex ante identify potential adult goods but these
same goods ex post often turn out not to possess the characteristics that would make
20

Failure to detect gender discrimination for education in the 5 − 9 age group may be due to the

fact that; (i) the gender gap in school attendance is lowest for this group (see Table 10), (ii) fees
paid for primary education are negligible, (iii) opportunity costs of schooling are lower for younger
children.
21
Subramanian (1995), for example, Þnds evidence of gender bias against girls in education in the
15−54 age group in all of the Þve Indian states he examines with the exception of the Punjab. Ahmad
and Morduch (1993) Þnd the same result for the 17 − 54 age class in Bangladesh. Neither study,

however, is able to ascertain the exact incidence of gender bias given that such broad classiÞcations
of adults are employed.
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them suitable for testing for gender biases.
In Table 6 we observe that outlay equivalent ratios are negative for most child
groups suggesting that children do exert a negative eﬀect on the consumption of
adult goods. The (absolute) size of the ratios also tend to increase with age as would
be expected given that older children are likely to place greater demands on the
household budget. The size of these eﬀects tend to be greater for poorer Sichuan than
richer Jiangsu. Ratios also tend to be more negative for male as opposed to female
children aged 5 − 9 or 10 − 14 in Sichuan whereas in Jiangsu no clear pattern emerges.

To test whether these ratios are signiÞcantly diﬀerent from zero, we calculated their

asymptotic standard errors and t statistics using the delta method suggested by
Deaton (1987). In Sichuan we observe signiÞcant outlay ratios mainly for older male
children whereas in Jiangsu all outlay equivalent ratios are insigniÞcantly diﬀerent
from zero.
The pattern of outlay equivalent ratios shown in Table 6 is suggestive of there
being a pro-boy bias in overall household spending in Sichuan but not in Jiangsu.
To test this we need to return to the original alcohol, tobacco and tea budget share
regressions which are shown in Table 5.22 The pattern of demographic eﬀects is
consistent with the π-ratio results with γ coeﬃcients tending to be lower for males
than females (in a given age class) in Sichuan but not in Jiangsu. F tests of the
equality of γ coeﬃcients shown in Table 8, however, indicate that in no case is the
coeﬃcient of a male child group statistically signiÞcantly diﬀerent from that of a same
aged female child group. The F test results therefore do not indicate any signiÞcant
bias against girls. Our results are in line with evidence from Pakistan, India, Taiwan,
Bangladesh, Cote d’Ivoire and Thailand where the Rothbarth method has failed to
turn up any conclusive evidence of gender bias despite the fact that Bangladesh, India
and Taiwan are places where census data is strongly indicative of son preference (see
Deaton, 1997 for a review). This suggests that, due in part to limitations of data,
the Rothbarth method is not an appropriate tool for picking up gender biases in
household spending.
22

Coeﬃcients on total expenditure (β) present a mixed picture of demand as regards tobacco and

tea though alcohol appears to be a luxury as might be expected. Alcohol and tobacco have sizeable
shares in the budget and are consumed by the bulk of rural households while tea has a relatively
small share.
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4

Correspondence with Welfare Outcomes

In this section we check whether the types of gender bias we detected using the
Engel approach show up in health and education outcomes as revealed in the 1990
Chinese census. Checking for this correspondence is important to ascertain whether
or not gender biases that we can detect in health and education spending translate
into diﬀerential welfare outcomes. What we are observing using the Engel method
are inputs into the determination of health and education status of male and female
children. If we can demonstrate that these biases in inputs result in skewed outcomes
then this can be taken as evidence that biases in spending do aﬀect the welfare of
sons versus daughters. Correspondence checking through the matching of expenditure
and census data allows us to identify whether son preference in parental spending
decisions is an important mechanism for explaining widely observed excess female
mortality and gender gaps in education. Comparisons made across both Sichuan and
Jiangsu and across rural and urban sectors will provide us with insights as to whether
modernisation can or cannot erode son preference. The prevalence of son preference
in the country as a whole combined with heterogeneous economic development make
China the ideal laboratory for testing whether economic factors can aﬀect preference
for sons. This has important implications for whether public policy has any power to
aﬀect son preference.
The other major reason for matching expenditure and census data is to check the
robustness of indirect methods for detecting gender biases in household spending.
This is a concern as various authors fail to detect gender bias in health and education
spending despite evidence of large diﬀerences in health and education outcomes in
census data (see Deaton, 1997 for a review of evidence). Our results are valuable as
they conÞrm a close correspondence in results from these independent data sources
and thus point to parental spending decisions as being an important mechanism
through which son preference is expressed.
Outcome data such as sex speciÞc mortality and enrollment rates are not available
in household expenditure data sets. We therefore have to go further aÞeld. The 1990
census data represents the obvious choice as both data sets cover the same time period
and because the expenditure surveys are designed to be representative samples of the
populations covered by the census. We conÞne our attention to three measures of
13

welfare outcomes which can be obtained from census data arrayed by age; (i) sex
speciÞc mortality rates, (ii) sex ratios and (iii) sex speciÞc enrollment rates (see
Tables 9 and 10).
In Table 9 we array mortality rates and sex ratios by age. In examining these
Þgures we have to keep in mind that in human populations boys and girls are not
born in equal numbers nor do they die in equal numbers. Coale (1991) reports
that in populations that provide unbiased health conditions and more or less equal
nutrition to males and females the ratio of the number of male to female births is
about 1.06 but male mortality rates are higher at every age from zero to the highest
age attained. As he points out natural diﬀerences in ratios at birth can only be the
source of diﬀerences of 1 or 2 percent in masculinity ratios of populations and that
excess female mortality due to discriminatory treatment of females must be a major
cause of skewed sex ratios in countries such as China and India. By comparing the
actual sex ratio to that which would exist if there was a normal sex ratio at birth
and equal treatment of the sexes, Coale (1991) comes up with a Þgure of 29.1 million
females as being ‘missing’ from the Chinese population in 1990 due to the impact of
higher female mortality that may have resulted from traditionally based diﬀerential
treatment of the sexes.
If we compare mortality rates across rural Sichuan and rural Jiangsu in Table 9
we observe that diﬀerences in mortality rates (per 1000 population) between males
and females correspond exactly to our Engel health results (compare Table 9 and
Table 3). In rural Sichuan the female mortality rate is signiÞcantly higher than the
male rate for individuals aged 0 − 4. Whilst in rural Jiangsu there is little discernible
diﬀerence.23 This is consistent with lower health spending on girls leading to excess

female mortality in rural Sichuan but not in rural Jiangsu. There is simply no way to
reconcile the much higher mortality rates for girls in rural Sichuan, in particular in the
Þrst year of life, with what we would expect in a normal biological population where
there is equal treatment of the sexes. Rural Jiangsu, in contrast, is closer to the Coale
(1991) benchmark in that male mortality rates lie slightly above female mortality
rates in the critical 0 − 4 range where the bulk of child mortality is concentrated. For
23

The fact that mortality rates as a whole are higher for Sichuan than Jiangsu is also consistent

with the former being a poorer more backward province.
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the older 5 − 9 and 10 − 14 age classes there is no evidence of male mortality rates
exceeding female mortality rates for either rural Sichuan or rural Jiangsu. There is

thus an exact correspondence between our results on health good spending and the
pattern of mortality results. These results indicate that modernisation captured by
rising economic growth and oﬀ-farm diversiÞcation have eroded son preference in the
arena of health spending leading to a marked reduction in excess female mortality
for children aged 0 − 4. In rural Sichuan the traditions of son preference have led
to discriminatory treatment adverse to females which is suﬃcient to outweigh their

normal advantage of experiencing mortality rates lower than that of males. This is
a highly signiÞcant Þnding as it suggests that the tradition of son preference is not
immune to economic factors thus oﬀering a route through which public policy can
aﬀect this behaviour.
We turn now to contrast our core rural results with those for urban Sichuan and
Jiangsu (see Table 9). There is no discernible evidence of a pro-boy bias in the
pattern of mortality rates 0 − 4 which is consistent with our inability to Þnd evidence

of gender bias in health spending in urban Sichuan (see Table 11). Mortality results
mirror those for rural Jiangsu, female rates being (on the whole) slightly lower than
male rates and sex ratios gradually falling over time, results which are suggestive
of populations which are relatively unconstrained in their health budget decisions.
As urban populations in China are richer and health services more available they
are interesting benchmarks against which we can compare the behaviour of poorer
populations. Matching our mortality results with our Engel health results indicates
that as modernisation and urbanisation proceeds, excess female mortality due to
parents spending less on the health needs of female children diminishes.
Sex ratios (males per 100 females) at diﬀerent ages are also reported in Table

9. Contrasting these with the mortality rates reveals an interesting paradox: sex
ratios during year 0 are higher in rural Jiangsu (115.5) than in rural Sichuan (112.6)
despite there being much stronger evidence of excess female mortality in the latter.
To resolve this paradox we need to be clear on what is being captured in each of our
tests of gender bias. Sex ratios capture the history of diﬀerential treatment of the
sexes whether this is at the foetal or child stage. Expenditure and mortality based
tests, on the other hand, look at biases within the surviving populations but cannot
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capture diﬀerential treatment of the sexes in the past. Higher sex ratios in rural
Jiangsu must therefore be due to diﬀerential treatment prior to year 0. To ascertain
whether this is in fact the case we need to examine what the sex ratios looked like at
birth. Calculating this Þgure constitutes a problem as the one child policy creates an
incentive to underreport female births.24 This can be seen in Table 9 where we see
that the reported sex ratio at birth does not appear to be consistent with the pattern
of sex ratios and mortality rates across the 0−4 range.25 To correct for this we exploit
the fact that there is less of an incentive to underreport female deaths than female
births to arrive at a more reliable estimate of the sex ratio at birth using the reverse
survival method (Zeng et al, 1993).26 Both the oﬃcial and recalculated sex ratios at
birth are reported in Table 9. As can be seen from the table, the diﬀerences between
the two sex ratio at birth estimates are quite signiÞcant in rural areas.27 In addition,
the sex ratios calculated using the reverse survival method appear consistent both
with the pattern of reported sex ratios and gender speciÞc mortality rates after birth.
Having female mortality rates above male mortality rates across the 0− 4 range tends
to increase the sex ratio (and vice versa).
The reverse survival estimates conÞrm that sex ratios are signiÞcantly higher at
birth in rural Jiangsu. The most plausible explanation for this Þnding is that greater
24
25

See Zeng et. al., 1993; Ge and Xue, 1994.
For example, in rural Sichuan there is a fall in sex ratio from the actual reported ratio at birth

to that in year 0 despite the fact that female mortality exceeds male mortality in year 0. Two factors
may encourage underreporting. (i) If all a couple want is one boy, they will report male births but
not female births. (ii) Sample surveys also suggest that when authorities investigate unauthorized
births, parents are more likely to confess an unreported boy than an unreported girl because (a)
they are more willing to pay Þnes for the former and (b) a couple with an unreported female baby is
more afraid of being sterilized than a couple with an unreported male baby (see Ge and Xue, 1994;
Mu, 1995).
26
The method amounts to adding the number of deaths of male and female children aged 0 to the
total number of male and female children surviving at the end of year 0 to arrive an estimate of the
expected number of male and female births. Comparing these Þgures to reported births gives an
idea of the magnitude of the underreporting bias and their ratio constitutes a corrected measure of
sex ratio at birth.
27
The diﬀerences suggest that underreporting of female births leads to 4 percentage point upward
bias in the reported sex ratio at birth in rural Sichuan and a more than 5 percentage point upward
bias in rural Jiangsu. The two sex ratios are the same for urban Sichuan suggesting that there is
less incentive or scope to underreport female births in urban areas.
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access to ultrasound and other methods for testing the sex of foetuses (due in part
to higher incomes) combined with selective abortion have enabled rural residents in
Jiangsu to express their preference for boys prior to birth. Following birth there
is no evidence of discrimination as regards health spending or observed mortality
rates. Sex ratios remain constant between birth and year 0 reßecting the equality
of mortality rates. The pattern of mortality rates over the age range 1 − 4, with

slightly lower rates for females leading to a lowering of the sex ratio is consistent

with what one would expect in an unconstrained developed country population (see
Coale, 1991). The pattern in rural Sichuan is entirely diﬀerent. Sex ratios at birth are
only moderately skewed, which is suggestive of limited diﬀerential treatment prior to
birth, however, they then increase signiÞcantly in years 0 and 1 as a result of excess
female mortality which is in part driven by gender biases in health spending.
What is even more fascinating is that the (skewed) sex ratios at age 2 (and for
the 0 − 4 period as a whole) are close to being identical between the rural sectors
of the two provinces. Rural populations in both provinces thus exhibit a similar

and signiÞcant preference for boys, however, the means by which they express son
preference is diﬀerent. Residents of rural Jiangsu depend more on adjustments prior
to birth whilst residents of rural Sichuan (possibly due to cost constraints or limited
availability of sex determination technology) rely more on biases in health spending.
These Þndings raise interesting policy questions as to whether banning ultrasound
and other procedures might displace the incidence of son preference from the foetal
to the child stage, leading to excess female mortality in early life.
The fact that sex ratios for children aged 0 − 4 in urban areas are considerably

lower does suggest that modernisation is playing a role in eroding son preference.
This is likely to reßect higher incomes and the absence of gender biases in health

spending as well as restricted access to facilities for pre-birth sex determination. The
fact that returns to male and female children are more similar in urban areas may
also dampen the incentive to engage in son preference. This accords well with what
we Þnd with demand analysis where excess female mortality in early life seems now
to be a characteristic of poorer, backward areas.
We turn next to census information on education outcomes (see Table 10). Again
we Þnd results which correspond almost exactly to our Þndings on the intrahousehold
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allocation of spending on education goods and services. Gender gaps in enrollment in
rural areas relatively small for children aged 6 − 9 but get larger for children 10 − 14

and 15 − 19. This is consistent with our Þnding a signiÞcant pro-boy bias in spending
on education services for the 15 − 19 age group in both provinces. Overall enrollment

rates are higher and gender gaps larger in rural Sichuan which is consistent with the
magnitude of the bias being larger for the 15 − 19 age group. In stark contrast there

is little or no evidence of a gender gap in enrollment in the 6 − 9 and 10 − 14 age
groups in urban areas and the gap for the 15 − 19 age group is modest compared
to that in rural areas. This is consistent with us being unable to Þnd any gender

bias in education spending in urban Sichuan (see Table 11). Matching household and
census data leaves us with the strong impression that modernisation and urbanisation
are powerful forces for reducing son preference in education. The challenge now is to
understand why richer parents treat thier sons and daughters more equitably. Finding
that economic factors do aﬀect son preference is nonetheless an important Þrst step
as it makes it transparent we are not dealing with an immutable social norm and that
public policy can play a role.

5

Determinants of Son Preference

Demand analysis using data from rural Sichuan and rural Jiangsu generated three
key sets of gender bias results. (i) There is no evidence of discrimination in the allocation of food and calories. (ii) There is evidence of discrimination against young
girls (0 − 4) in the allocation of health goods in the poorer, less diversiÞed province

(Sichuan) but not in the richer, more diversiÞed province (Jiangsu). (iii) There is
evidence in both provinces of a pro-boy bias spending of goods and services associated with secondary and tertiary education. The previous section demonstrated that
these biases corresponded to signiÞcant diﬀerences between the sexes in mortality
and enrollment outcomes.
In this section we look more closely at which factors might be driving son preference. To do this we begin by looking at whether gender biases in health and education
spending vary across rural and urban households. This work thus builds on our analysis of census data which suggest that urban populations treat daughters and sons
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more equitably than do rural populations. We then look within the rural samples to
see whether households which are poorer or more dependent on agriculture exhibit
greater son preference than households which are richer and more diversiÞed. This
comparative analysis should provide some insights into what are the key determinants
of son preference in China.
We begin by exploiting the fact that we have comparable household expenditure
data for urban Sichuan.28 As these households are richer, more educated and have
access to a greater array of social services they may be characterised as being less
constrained in terms of the choices they make regarding the intrahousehold allocation
of health and education expenditures. Economic factors would thus enter with less
force in the expenditure decisions of these households, however, if biases are driven
by purely cultural factors then we would expect the discrimination results identiÞed
in rural Sichuan to carry over to the urban setting.
In Table 11 we report F tests of the equality of γ coeﬃcients for both health and
education goods and services for the urban Sichuan sample.29 To facilitate comparison
these are presented alongside the results for rural samples drawn from Tables 2-4 (see
top panel). As regards both health goods and services we could Þnd no evidence
of a pro-boy bias at classical signiÞcance levels. These results complement the rural
Jiangsu results in suggesting that higher incomes lead to an erosion of son preference
which is still prevalent in poor rural regions. They are also in line with census data
which show that mortality and enrollment gender gaps are of a much lower magnitude
in urban China indicating a more equitable treatment of the sexes. Taken together
the results indicate that economic factors do aﬀect parental allocation decisions so
that we observe that son preference varies across China, being most pronounced in
poor, backward, rural areas.
To investigate this theme further we rank households from all three samples according to equivalised consumption expenditure where equivalence scales are derived
using the calorie Engel method (see Burgess, 1997). The full sample is then split
28

For a full description of the urban data see Burgess, Zhu and Yun (1996). Regression results for

urban Sichuan have been omitted to avoid clutter. An urban household data set is not available for
Jiangsu.
29
In common with the rural samples, we could Þnd no evidence of a pro-boy bias in spending on
food and calories.
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into two equal sized samples depending on whether households are above or below
the median consumption value. Separate health and education Engel regressions are
then run on each of the sub-samples and F tests are constructed to examine whether
γ coeﬃcients for male and female children diﬀer.30 Results are shown in the bottom
panels of Table 11. To aid comparison, full sample results are presented in the top
panels of these tables.
Split sample results suggest that the pro-boy bias in health good spending in
rural Sichuan is more pronounced for poorer households. The diﬀerence between the
γ coeﬃcients in the 0 − 4 age group remains signiÞcant for the poor sub-group but
is insigniÞcant for the rich sub-group. This suggests that gender biases in health

spending amongst poor households is driving the overall Þnding of a pro-boy bias in
health spending for the 0 − 4 age group. Rural Jiangsu and urban Sichuan results
remain insigniÞcant in the split samples. Again this is in line with what we observe

in census data where mortality patterns are closer to what we would expect to see in
unconstrained populations where there is no tradition of treating the sexes unequally
(see Table 9). Taking the (i) rich rural versus poor rural, (ii) rural versus urban and
(iii) split sample results together, we have a strong indication that income growth
leads to an erosion of son preference in health spending.
Education results for samples split by equivalised consumption expenditure show
a similar pattern. For education goods, both discrimination results detected in the
overall rural samples (10 − 14 age group in Sichuan and 15 − 19 in Jiangsu) show up

with greater force in the poor sub-sample whilst there is no evidence of discrimination
in the rich sub-sample. For urban Sichuan there is no evidence of discrimination in
either of the split samples. How rich parents are would seem to aﬀect the degree to
which they favour boys in spending on goods associated with secondary and tertiary
education. For education services, the evidence of a pro-boy bias in spending on
tertiary education for the 15 − 19 group, detected for both provinces in the overall

sample, carries over to the poor sub-group. This type of discrimination disappears
for the rich sub-group in Jiangsu but not for Sichuan where a clear pro-boy bias
remains. There is evidence of such a bias in the urban Sichuan sub-samples. This
30

We only examine categories of household expenditure for which we found evidence of discrimi-

nation in the full sample results.
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is consistent with son preference being more entrenched in rural Sichuan than rural
Jiangsu. These diﬀerent results are consistent with the idea that richer parents exhibit
less son preference as regards investments in secondary and tertiary education.
Since the onset of rural reforms in 1978 there has been rapid growth in rural oﬀfarm employment. The pattern of diversiÞcation is uneven both within and across
Chinese provinces; Jiangsu having experienced a high degree of diversiÞcation and
Sichuan a relatively low degree of diversiÞcation (see Table 1). As diversiÞcation
simultaneously aﬀects the family budget set and the relative returns of male and
female children it is likely to inßuence parental decisions on the intrahousehold allocation of household resources. To investigate this hypothesis we sort households
in the provincial samples by the share of oﬀ-farm income31 in total income, use the
median diversiÞcation value to split household into equal sized low and high diversiÞcation sub-samples, and then proceed to test for gender bias within these samples.
The results are shown in Table 12. Regarding health spending, the split sample results mirror those for consumption expenditure (Table 11) but are more clear-cut.
The only signiÞcant evidence of pro-boy bias in spending on health goods is found
amongst households with low levels of diversiÞcation. This would suggest that households which have a strong dependence on agriculture value male children more than
female children. This result may partly be driven by diﬀerential returns to male and
female children being higher on-farm than oﬀ-farm.
For education goods, diversiÞcation also aﬀects the strength of son preference.
Only the less diversiÞed subset of households exhibit pro-boy biases, strongly for the
10 − 14 age group in Sichuan and weakly for the 15 − 19 age group in Jiangsu. All
F tests for the more diversiÞed subset of households are insigniÞcant. DiversiÞcation

would therefore appear to erode this form of discrimination. For education services
the impact of diversiÞcation is more complex. Pro-boy discrimination detected in the
full sample for 15−19 group in Sichuan appears to be more pronounced for households
with higher levels of diversiÞcation reßecting both a pro-boy bias and the fact it is
mainly these households that engage in tertiary education. Less diversiÞed households
in Sichuan, however, also exhibit a pro-boy bias in investments in secondary education
31

Oﬀ-farm income includes all income sources except those associated with from farming, forestry,

animal husbandry and Þshing.
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services which was not apparent in the full sample (10 − 14). Son preference as

regards expenditure on education services thus appears to occur at an earlier stage
for households which are more dependent on agriculture. For rural Jiangsu we Þnd
only suggestive evidence of gender bias for less diversiÞed households whereas more
diversiÞed households exhibits no signs of son preference in spending on education
services.32

6

Conclusions

The tradition of son preference is widespread in South and East Asia and is manifested
in excess female mortality during early life, imbalanced sex ratios and large gender
gaps in education. This paper has matched Chinese household and census data for
1990 to better understand the determinants of son preference. This has enabled
us to convincingly show that biases in household spending on health and education
correspond to observed biases in age speciÞc mortality and enrollment. Gender biases
in spending within particular age groups seem to correspond fairly exactly to gender
biases in outcomes in the same age groups. This would suggest that gender biases in
the intrahousehold allocation of resources at least partly underlie observed diﬀerences
in outcomes.
Comparisons within and across rural and urban samples conÞrm that gender biases
in health and education spending occur predominately in poor, rural households
which are highly dependent on agriculture. We have generated a convincing body of
evidence that shows that economic factors do aﬀect preference for sons. Public policy,
to the extent that it can aﬀect such factors as economic growth, oﬀ-farm diversiÞcation
and urbanisation can therefore have a role in counteracting gender biases in household
spending in key areas such as health and education. As treatment of female and
male children within the household become more equitable as the result of improving
economic conditions we would expect gender gaps in mortality and enrollment rates
to narrow. Son preference therefore, should not be treated as an immutable social
norm or tradition. Modernisation does appear to have the power to reduce the gap
32

The F test for the 15 − 19 age group is on the margin of signiÞcance (at the 5% level) in the

less diversiÞed sub-sample but is clearly insigniÞcant for the more diversiÞed one.
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between female and male outcomes by changing the manner in which parents allocate
health and education resources within the household. Understanding which speciÞc
policies lead to more equal treatment of the sexes within households is the challenge
that must now be taken up.
The comparison of the health results for rural Sichuan and Jiangsu also raises the
pressing issue of what to do about ultrasound and other procedures for expressing
son preference prior to birth. Though illegal, there is strong evidence from this and
other studies that use of these methods are widespread, particularly in richer rural
areas. The Chinese authorities are introducing stricter regulations in an attempt
to prevent this form of pre-birth discrimination. While such policy measures are
essential, comparison of the Sichuan and Jiangsu results does raise the worrying
possibility that banning pre-birth discrimination might lead to higher mortality rates
for surviving girls. That is son preference might be expressed at the child as opposed
to foetal stage.
Our study is also important methodologically as it suggests that indirect Engel
methods do have the power for picking up gender biases in intrahousehold allocation.
This is meaningful as attempts to pick up gender biases in household spending using
these methods have been largely unsuccessful despite some of the tests being carried
in data from countries where census data is strongly indicative of son preference.
As regards Rothbarth methods, our results, in common with the majority in the
literature, have failed to pick up any clear signs of gender bias which points to the
strength of the assumptions underlying these tests.
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