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A B S T R A C T

Based on data from the Southwest Basic Education Project, this paper provides an empirical estimation of

gender gaps in Chinese and math among primary and lower-secondary school students in poor counties

of Southwestern China. Major findings from 2-level HLM analysis by grade (3, 5, 7, and 9) include: (1)

small positive gaps favoring girls in Chinese and negative gaps in math were found for all grades. (2) Gaps

were larger in higher grades, girls’ advantage in Chinese experienced a small increase over the 2006–

2010 period, and gaps varied by province. (3) Being a minority and having a low SES interplayed with

gender in some circumstances.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction

Gender difference in student academic achievement has been a
heated research and policy topic for decades, because of its
significant wage effect for adult life (Christie and Shannon, 2001;
Murnane et al., 2004; Rose, 2006) and the equity concern for
reducing gender gap in education (Marks, 2008). Most studies
found a positive gender gap (female better) in language art; and a
traditional negative gap in STEM (Science, Technology, Engineer-
ing, and Mathematics) that might have decreased over time and
across countries in recent years (Zhang and Tsang, 2012).

There are relatively few empirical studies of gender gap in
academic achievement in China. Available evidence indicates that
girls have higher achievements in Chinese and English, and the
gender gap in math is mostly not significant (Hannum et al., 2008;
Lai, 2010; Lu and Du, 2010; Zhang et al., 2010; Zhang and Tsang,
2012). However, some studies did find a negative gender gap in
math (Turner, 1994; Wang et al., 2012). Among these empirical
studies, there are relatively fewer rural studies than urban studies
that fully focused on the gender gap issues. Similarly, a recent
media discussion in China has drawn attention to the trend that
girls are outperforming boys in every subject (including math),
with a focus on urban schools (Beijing Youth Daily, 2012). The
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limited number of rural studies that looked at rural settings only
reported the results of gender academic difference as a byproduct
rather than the research focus; and their reported gaps are mostly
positive for Chinese (Hannum et al., 2008; Liang and Du, 2011; Lu
and Du, 2010) or for a total score (Brown and Park, 2002), while the
gaps are either insignificant or negative for math (Liang and Du,
2011; Lu and Du, 2010; Sun et al., 2009; Wang et al., 2012).
Moreover, few rural or urban studies examined gender differences
over time and by ethnic groups. It is important to empirical
estimate the gender gap with a rigorous model to test whether girls
perform better than or similar to boys in poor rural areas of China.
Also important is to examine whether gender difference varies by
subject, across grades, over time, by ethnic groups, and by other
characteristics.

Based on a 3-wave student and school level data from the
Southwestern Basic Education Project (SBEP), this paper attempts
to examine gender difference of primary and middle school
students’ academic performance in China’s poor rural counties.
SBEP is an education improvement project jointly initiated by the
United Kingdom and China. The project began in 2006 and was
completed in 2010, targeting selected schools in 27 poor counties
of Guangxi, Sichuan, Guizhou and Yunnan. This dataset provides a
unique opportunity to explore gender gaps in a region with a large
variety of ethnic minorities. For example, Yunnan province has the
most variety of ethnic groups among the provinces in China. There
are 25 ethnic large minority groups (with a population over 5000)
in Yunnan (Government of Yunnan Province, 2012), accounting for
one third of the total population of the province. Guangxi and
Guizhou have a large number of ethnic minority groups as well.
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Besides, this dataset covers four grades (3, 5, 7, and 9), providing
the opportunity to explore gender gap in academic performance
during the compulsory education cycle.1

The next section of the paper is a brief literature review and the
statement of key research questions. Section 3 describes the data
sources and the estimation methods. Section 4 presents the
empirical findings and Section 5 is a summary and conclusion.

2. Gender and academic performance: a brief review

There has been plenty of research in the English literature about
the determinants of student academic performance, where
education production function theory is used as the analytical
framework. Similar interests also apply to China (An et al., 2007;
Park and Hannum, 2001; Tsui, 2005; Liu and Lu, 2008; Zhang and
Tsang, 2012). However, because of the lack of publicly released
student achievement data, there are fewer studies on China.

Among the studies regarding student performance in China,
earlier studies have found SES and related family factors to be key
determinants apart from the usually unmeasured ability factor. For
instance, SES was found to have a weak but positive correlation
with academic performance in meta analysis (White, 1982; Zou,
1994). Liu and Lu (2008) identified a positive association between
family SES and academic performance based on a rural sample in
western China. Other important determinants include age (+, Sun
et al., 2009), gender (e.g. Brown and Park, 2002; though not all
studies confirmed gender to be a significant factor), minority status
(�, Liang and Du, 2011), number of siblings (�, Liang and Du,
2011), family income or SES (+, Tsui, 2005; Liang and Du, 2011),
migration status (�, Liang and Du, 2011), parental expectations (+,
Tsui, 2005), education level of fathers (Zhao, 2005), boarding status
(+, Du et al., 2010;�, Lu and Du, 2010), academic aspirations (+, An
et al., 2007; Sun et al., 2009), and industriousness (+, An et al., 2007;
Sun et al., 2009). Classroom level factors such as teacher’s
education level (Zhang et al., 2010; Du et al., 2010), and having
local teachers (An et al., 2007), are also found to be important.
However, fewer studies incorporated school level predictors due to
the lack of relevant information. Besides, in terms of outcome
subject and measures, most studies used test scores of Chinese
and/or math, or a measure of total score, whereas only a few
examined the determinants of academic performance in other
subjects.

Regarding gender gap, for empirical studies outside China,
findings regarding the gender factor have been consistent for
language art achievement and mixed for math scores. For many
countries, the gender gap is generally positive (female better) in
language (reading) and negative (male better) in math (Bedard and
Cho, 2010; Dwyer and Johnson, 1997; Kenney-Benson et al., 2006;
Kimball, 1989). The positive gender gap in language seems to be
enlarging over time while the negative gender gap in math is
narrowing (National Center for Education Statistics, 2004;
Holmlund and Sund, 2008; Marks, 2008). Also, the degree of
decrease in the gender gap in math over the time period seems to
vary by country (Bedard and Cho, 2010; Holmlund and Sund,
2008); the gender gap in math was actually found to be positive in
some countries such as Hungary and Sweden (Schmidt and Kifer,
1989). More interestingly, some studies found that math gap
occurred early in early elementary school years and grew with the
grade, on the basis of longitudinal samples of children in the U.S.
(Fryer and Levitt, 2010). The timing has not been clearly
1 In China, compulsory education consists of primary school and lower-

secondary school years (from grade 1 to grade 9). The legal school starting age

is either six (e.g. in Yunnan) or seven (e.g. in some places of Guizhou), but poor

families may send their kids to school later because of financial constraints or other

reasons.
established in previous literature (Aunola et al., 2004), although
Sohn (2012) argued that some general consensus of the U.S.
literature on gender gap in math was reached, saying that ‘‘a
consistent math gap in favor of males does not appear until
adolescence; the gap widens as individuals grow older’’.

However, for China, empirical analysis of gender gap studies in
primary and secondary education achievements is rather limited.
Consider first studies of urban areas. Turner (1994) studied gender
differences in mathematics performance among 235 Chinese
middle school students in Wuhan. Relying on T test and test of
variance, he reported no significant differences in the mean scores
in the logic sub-test but significant differences in favor of the boys
in space and numeracy sub-tests. In a recent paper based on data
from 7235 students in the Dongcheng District of Beijing and a
value-added ordinary least squares (OLS) estimation approach, Lai
(2010) found that girls outperformed boys in Chinese and English
in both the Middle School Graduation Exam (MSGE) and High
School Entrance Exam (HSEE). In math, girls performed better in
MSGE but boys performed better in HSEE. More recently, Zhang
and Tsang (2012) studied gender differences in academic
achievement of high-school graduates in Jinan city. Using student
scores in the national college entrance examination (NCEE), they
found a significant and positive gender gap in Chinese and English
but no significant gap in math. Chen (2012), with a sample of NCEE
takers in Jiangmen city of Guangdong Province, had similar
findings.

For rural China, most of the relevant studies are based on data
for western China and mostly for primary education. First, we
identified three studies that used data from the Gansu Survey of
Children and Families (GSCF) to explore predictors of academic
achievement in rural Gansu, a province in northern China; all of
them targeted 9–12 year olds and therefore primary school
students; and their findings on the gender differences are mixed.
Note that in these Gansu studies, gender is mostly a control
variable in a typically OLS regression model. At a closer look, An
et al. (2007)’s study of teaching quality and student outcomes used
a sample of 1926 primary school children in the GSCF Survey of
2000 and found that gender was insignificant in the achievement
regression (the achievement measure is a combined score of math
and language scores for children aging 9–12 in primary grades) but
positive in the industriousness equation. Using the updated GSCF
Survey in 2004, Sun et al. (2009) reported no gender difference in
Chinese but a small girls’ disadvantage in math at the primary
school level for children aged 9–12 years old. Both of these two
studies employed OLS; they focused on family and school factors of
academic performance in general, not gender gap. Using the GSCF
data in 2000 and 2007 and for the sample of children aging 9–12,
Hannum et al. (2008) found a positive gender gap in Chinese and no
significant gap in mathematics. The focus of this paper is on the
family predictors of gender gap. At least for Gansu, their findings
suggest that ‘‘rural parental educational attitudes and practices
toward boys and girls are more complicated and less uniformly
negative for girls than commonly portrayed’’ (p. 3).

Second, based on OLS modeling for a sample of about 4000
grade 4 and grade 5 students in 75 rural primary schools of Qinghai
and Ningxia (close to Gansu) in 2009, Wang et al. (2012) found a
female disadvantage in math; such an negative gender gap in math
still existed for home-staying girls (not statistically significant for
school boarding girls) after controlling for nutrition intake
(anemia) and anxiety level. This study paid direct attention to
the gender gap issue.

Third, there have been three rural studies that involve provinces
in Southwestern China, mostly of which involve primary educa-
tion. Although they only reported findings on gender academic
gaps as byproducts, which are additional to their main research
questions (e.g. school merger, teacher effectiveness or poverty),



2 This description was cited from the website of Cambridge Education, a partner

with the British Council, which led the technical assistance for the project. Source:

http://www.cambed.com/International/Internationalpresence/Internationalpro-

jects/ChinaSouthwestBasicEducationProjectSBEP.aspx. Retrieved on July 2013.
3 The portions of Sichuan students are 4.30% for 2006 and 6.98% for 2008,

relatively lower than the other three provinces. Reasons may include: there are

fewer SBEP schools in Sichuan; the schools are in remote areas and smaller in scale;

and no Sichuan schools participated in the concluding survey of 2010.
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their findings are informative. First, an early study by Brown and
Park (2002) utilized a 1997 survey of household and studied 472
school aged children (age 5.5–17) in poor rural counties of six
provinces in different parts of China (including Sichuan and
Guizhou of Southwestern China). They found that girls in lower-
secondary school outscored boys by 0.2–0.7 standard deviation in a
standardized overall examination score, i.e., average scores of the
most recent language and math exams, while the gender academic
gap at the primary school level was not significantly different from
zero. Second, another two studies utilized 2-level hierarchical
linear model (HLM) to analyze the predictors of academic
performance. In Lu and Du (2010)’s analysis on the school merger
movement in rural education, a female academic advantage in
Chinese was found but there was no significant difference in math,
based on a sample of 787 rural primary school students in Guangxi,
who were in grade 4 in 2006 and were in grade 6 in 2008. Using a
student-class 2-level value-added HLM and a sample of 3326
students in 123 rural primary schools in five provinces of western
China (Gansu, Guangxi, Ningxia, Sichuan and Yunnan), Liang and
Du (2011) reported findings of gender gap similar to those of Lu
and Du (2010).

In summary, for China, most of the studies found a positive
gender gap for language arts (Chinese and English); findings for
English all come from urban studies. For math, the China studies
found either a negative gender gap or no significant gap. Negative
gender gaps in math were sometimes reported in the rural studies
while most urban studies documented insignificant gender
difference in math. Most rural studies only use gender as a control
variable for their other research questions. There is an insufficiency
of studies that fully focus on the gender gap issue in lower-
secondary education in rural China. There is a lack of studies of
gender gap variation across grade-level and over time. Note also
that studies that cover students from multiple grades have not
separated the estimation of the gender gap by grade. They do not
explore the interaction between gender and other variables to see
if the gaps differ by province, by certain student, family or school
characteristics.

Using data on students in four grades in compulsory education
(primary and lower-secondary education) in poor rural counties in
three Southwestern provinces in China over three years (2006,
2008, and 2010), this study addresses three research questions: (1)
Are there significant gender gaps in Chinese and mathematics
achievement in compulsory education? (2) Does the gap differ
across grade and vary over time and by province? and (3) Does the
gap interplay with other risk factors such as being an ethnic
minority or having a low SES? Does it differ by some selected
school level predictors? In addressing these research questions
with two-level HLM estimation, this study attempts to contribute
to the literature on gender gap in academic performance in China
by carrying out analyses not done or not adequately covered in
previous studies: (1) it covers three Southwestern provinces for
which there is little research on this subject; (2) it examines the
gender gap in four grades of the compulsory-education cycle and
the analysis will be done separately by grade; and (3) for each of
the two subjects and for each grade, it tracks changes in gender gap
over a period of four years.

3. Data and methods

3.1. Data source and structure

The data for this study comes from three consecutive surveys
conducted in SBEP schools located in 27 poor counties of
Southwestern China (Guangxi, Sichuan, Guizhou, and Yunnan).
SBEP was a joint project between UK and China ‘‘to support the
Chinese government’s target of Nine Year Compulsory Education
by increasing government capacity to implement effective
programs to target the most disadvantaged children’’.2 The project
consisted of five components: aid for poor students, teacher
training, school management, monitoring and evaluation, and
social development and institution development. There were three
major goals: improving equitable access, raising education quality,
and strengthening education management. The project was
initiated in September 2006 and ended in March 2011. According-
ly, as part of the output of the project, monitoring surveys (both for
students and principals) were phased in at three different times
(waves): (1) baseline survey in September of 2006; (2) midterm
survey in October of 2008; and (3) concluding survey in October
2010. In total, the three-times-survey cover four grades: 3rd and
5th grade in primary school, 7th grade and 9th grade in lower-
secondary school.

For this study, we focus on the randomly sampled SBEP schools
in Guangxi, Guizhou and Yunnan provinces while excluding
Sichuan and non-SBEP schools. Corresponding to the aim of the
survey, more than 98% of the schools were SBEP schools that
received SBEP interventions, and these SBEP schools were
randomly sampled from the pool of SBEP schools in the 27 project
counties. Sichuan observations are excluded because there are no
Sichuan observations in the third wave and the excluded
observations are only a small portion of the data.3 In addition,
the reason for not including non-SBEP schools is that the non-SBEP
schools (less than 2%) were not randomly selected. All students in
the selected grades of the selected schools were then asked to
participate in the surveys. Usually there were 1 or 2 classes in the
primary grades, and more classes in the 7th and 9th grades.
Overall, the final operational sample contains 31,590 students for
the 3rd grade, 25,604 students for the 5th grade, 7959 students for
the 7th grade and 7557 students for the 9th grade. The number of
schools is about 400 for the primary school sample (3rd grade and
5th grade), and it is close to 100 for the lower-secondary school
sample.

Standardized tests for Chinese and mathematics by grade were
administrated to the sampled students in different grades. The
tests were designed by national and provincial experts and then
administered by the provincial department of education. Although
the tests were not the same for each wave of data, they had been
standardized for across-wave comparison. Additionally, there is
rich student level and school level information in the student and
principal surveys available for constructing predictors for these
scores. For example, at the student level, apart from the commonly
controlled student characteristics (age, gender, ethnic background)
and family characteristics (sibling, SES), the SBEP surveys also
include information on disability, orphanage, boarding status and
boarding aid. School-level information includes principals’ char-
acteristics (degree, experience, certificate, etc.), school size, and
school quality indicators (e.g. percentage of qualified teacher in the
school).

Overall, the response rate is high. The response rate at the
school level is very high and the schools did a good job in
distributing and collecting the surveys. Also, the matching rate for
the surveys of basic information (student and principal survey) and
performance tests is over 90%. In addition, the proportion of
missing data is small for most of the variables, except for a few
predictors. For example, for the grade 3 Chinese sample, most of

http://www.cambed.com/International/Internationalpresence/Internationalprojects/ChinaSouthwestBasicEducationProjectSBEP.aspx
http://www.cambed.com/International/Internationalpresence/Internationalprojects/ChinaSouthwestBasicEducationProjectSBEP.aspx
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the variables have missing rates lower than 5%; variables with
higher missing rates are sibling (16.06%), Aid (12.31%), schools’
participation in SDP (School Development Project) (6.89%),
proportion of senior teachers (28.95%), proportion of trained
teachers (11.81%), proportion of boarding students (32.80%),
proportion of minority students (9.59%).4 Considering that there
are differential missing rates for different variables in this dataset,
we decide to employ multiple imputation (MI) and the dummy flag
approach as the two major missing data treatment approaches
(Allison, 2002).5

Comprehensive review from the above implies that this dataset
has a two-level structure: student level and school level. We
examined the data structure by subject-grade: each subject-grade
combination has a contact sample. Each sample contains three
different student cohorts. They entered the targeted grade in three
different survey years. Moreover, since there are cases of school
attrition and the entering of new schools in new waves, the
number of schools and the composition of schools vary by survey
years. However, the majority of schools stay across the three
waves.6 We pooled 3 waves of data for all observed students in the
available schools, so as to make use of the full information of the
dataset (including the benefit of using a large sample size), to allow
for school fixed effects, and to obtain a clear estimate of changes in
test score over time for the same grade and same subject. Therefore
our estimates of the gender gaps refer to the average gender gaps
for students in SBEP schools in Guangxi, Guizhou and Yunnan over
three waves (2006, 2008 and 2010).

3.2. Estimation methods

We employ a 2 level HLM analysis for the determinants of
academic performance by grade and by subject for three major
reasons: (1) as mentioned above, the data is featured in clustered
sampling (from school to grade), and the student sample is
grouped within schools. (2) The data has detailed school level
information, which permits modeling of level 1 intercept and level
1 predictors slopes (student level) as outcomes in level 2 equations.
(3) As compared to OLS, Hierarchical linear model (HLM) allows for
the analyses of data at different levels simultaneously (Bryk and
Raudenbush, 1992; Raudenbush and Bryk, 2002).7

School selection bias by student ability is not likely to be a
problem in poor rural areas of China and is not treated in this study.
Particularly, there is little school selection bias in the primary
education grades (3rd and 5th), as all primary schools are
neighborhood schools. There might be some concern about non-
random school choice in the secondary (especially upper-second-
ary) school grades, for which donating fees and other hidden
channels allow for school selection. However, in lower-secondary
4 Samples for other grades have similar missing patterns, with the only difference

being that samples for lower secondary grades have comparatively lower missing

rates of major variables than the samples for primary school grades.
5 However, MI results are not available for grade 7 and grade 9 because the

corresponding imputations were not successful due to data and model complexity.

So we will mainly report the results from the dummy flag approach.
6 For instance, in the third grade sample, 77.19% of the schools participated in all

three waves, and an additional 13.41% showed up in two waves. Other samples have

a portion of 58.54–77.85% showed up in all three times as well.
7 Specifically, compared to pooled OLS which ignored clustering and nesting, the

advantages of using HLM include: (1) take into account within school correlation/

clustering (e.g. the dependence of student performance among students in the same

class/grade/school, because of peer effect and other usually unmodeled or

unmeasured factors); (2) get the right standard error, accurately accounting for

uncertainty in prediction and estimation (the violation of the independence of

errors assumption may bias the standard error of the regression coefficients); (3)

explicitly model between group difference, as compared to being simply ignored or

analyzed simply (with dummies or two level predictors) or separately (subsample

analysis); (4) allow for heterogeneous effects of X (child and family characteristics)

by school.
grades of poor counties in remote areas, school selection by
students is less severe because there are high traveling costs to
commute more in these areas,8 and because poor families cannot
afford paying for school selection.

As the main analysis, we used the intercept-as-outcome model
specification to make comparison across grades. Some other
specifications including a slope-as-outcome model in which slope
equations for gender, SES and aid are modeled in level 2, are also
tried. Estimates for the gender gap are similar (available upon
request). We conducted HLM estimation for each of the eight
samples (four grades, two subjects). The equations of the intercept-
as-outcome 2-level HLM model are as follows:

Level 1 : yi j ¼ b0 þ b1girlþ b2Cij þ b3Fij þ b4FSi j þ b5TSi j

þ d1Time 1þ d2Time 2þ d3Guangxiþ d4Guizhouþ eij

Level 2 : b0 ¼ p00 þ p0Principal j þ g0other S j þ u0 j

(1)

where subscript i indicates student unit and j indicates school unit.
In the level-1 (student level) equation, y stands for standardized

test scores of Chinese or Math; girl is the dummy for gender; C

(child characteristics) indicates other child characteristics such as
age, minority, minority language (speaking a minority language at
home), disability; F (family characteristics) includes number of
sibling, Orphan, and SES (family socio-economic status); FS

(family–school related factors) includes boarder, aid for boarding,
and school–home distance; TS (student reported classroom
experience9) includes group learning (experienced group learning
or not) and No_TECH (1 if the classroom has no technical
equipment); Time 1 and Time 2 are the two time dummies
(students in the Time 3 year (2010) as the reference group); and
Guangxi, Guizhou are the provincial dummies (Yunnan as the
reference province).

In level-2 (school level), the intercept from level-1 equation is
modeled against a number of school level predictors. Among them,
Principal indicates a set of principal predictors: P_female (being a
female principal), P_minor (being a minority principal), P_age (age
of principal), P_degree (principal education degree), P_years (years
of being a principal), P_certi (having a principal certificate), and
P_teach (still teach students when being a principal); and Other_S
(other school characteristics), including S_dis (the distance of the
school to township center), Equip (available school equipment),
Tenrol (school enrollment of that time), SDP (whether the school is
a School Development Project10 participant), Tea_Q_R (percentage
of qualified teachers in the school), Tea_S_R (percentage of senior
teachers in the school), Tea_AM_R (percentage of Arts/Music/PE
teachers in the school), Tea_T_R (percentage of teachers who
received SBEP training), School SES, Boarder_R (percentage of
boarding students), Minority_R (percentage of minority students),
and SBEP (status of being a SBEP school).

The definitions and measures of all variables are presented in
Table 1. The coefficient of ‘‘girl’’ represents the gender gap, and the
coefficients of the two time dummies reflect the changes of scores
for an average student in the sample.

Apart from above, in order to further explore the changes of
gender gap over time and the sources of gender gap, interaction
8 In these areas, students usually have to travel many hours to attend a nearest

middle school.
9 We also have variables reflecting teacher–student interaction, such as

frequencies of answering questions in the classroom (FreeQ), making your own

comments (FreeE), time needed to finish your homework (Homework), teacher’s

help for your homework (T_help), award and punishment, etc. However, they are

not included into the model because they are suspicious of high endogeneity.
10 SDP (School Development Project) is the symbolic initiative of SBEP, aiming to

achieve its goal of improving school management. It involves training for school

principals to improve their capability of managing schools.
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terms are added to the level-1 equation to see if gender difference
varies by survey year, by province, by minority status, and by low
SES status. For instance, we add girl*Time dummies to analyze the
year by year difference of the gender gap.11 The year by year
difference may reflect some influence from the SBEP interventions.
In a similar vein, provincial difference in gender gap is estimated by
adding girl*provincial dummies. The association between gender
and two risk factors (minority and low SES) were also investigated
by adding interactions into the level-1 equation. The two
interactions, i.e., boy (girl) *minority and boy (girl)* low_SES,
represent double risks. Here minority has the same measure,
whereas low_SES is defined as having a family SES lower than
sample average. Note also that for the Chinese scores, a ‘‘boy’’
dummy may replace the ‘‘girl’’ dummy in case where the gender
gap is positive to capture a risk rather than an advantage. The
equation set is as follows:

Level 1 : yij ¼ b0 þ b1girlþ b2Cij þ b3Fij þ b4FSi j þ b5TSi j

þ d1Time1þ d2Time2þ d3Guangxiþ d4Guizhou

þ b6girl � Time1þ b7girl � Time 2þ b8girl

� Guangxiþ b9girl � Guizhouþ b10girlðboyÞ

�minorityþ b11girlðboyÞ � low SESþ eij

Level 2 : b0 ¼ p00 þ p0Principal j þ g0other S j þ u0 j (2)

In addition, a non-random varying gender coefficient model
will be used to explore the varying of gender gap by 3 selected
school characteristics, namely, female principal, school size and
school SES. They are expected to be more likely to generate impacts
on the gender coefficient.12 The equation set is listed below.

Level 1 : yi j ¼ b0 þ b1girlþ b2Cij þ b3Fij þ b4FSi j þ b5TSi j

þ d1Time1þ d2Time2þ d3Guangxiþ d4Guizhouþ eij

Level 2 :
b0 ¼ p00 þ p0Principal j þ g0other S j þ u0 j

b1 ¼ p10 þ p11P female j þ p12Tenrol j þ p13SchoolSES j

(3)

Finally, it is important to note that our HLM’s null model (one
way ANOVA with random effects) results indicated that the intra-
class correlation coefficient (ICC) is 0.28–0.46.13 This means that at
least 28% of the total variation of scores came from the school level,
which confirmed the necessity to conduct a HLM analysis.

4. Results

4.1. Descriptive statistics and raw gender gaps

Table 2 presents the means of the variables in the three years. As
seen in the dependent variable row of Table 2, the means of raw
test scores for the sampled students were all around 50, in all
grades and in both subjects. About 49% of the students are girls.
This type of gender-balanced enrollment could be seen as an
achievement for schools in these poor rural counties. The
percentage of minority students was high across grades (41–
59% compared to the national average of around 9%), reflecting the
11 To some degree, this is generating the same effect of estimating the slope

equation for ‘‘girl’’ where Time dummies are controlled.
12 Other school level variables were also tested but found not to be statistically

significant.
13 The corresponding ICC for the 3rd grade Chinese sample, the 3rd grade math

sample, the 5th grade Chinese sample, the 5th grade math sample, 7th grade

Chinese sample, the 7th grade math sample, the 9th grade Chinese and the 9th

grade math sample are 28.24%, 30.83%, 28.34%, 33.58%, 45.02%, 46.31%, 35.71%,

37.96%, respectively.
population’s ethnic structure. Group teaching was widely adopted
(70%), but there were about 20% of students who were in
classrooms without any technical equipment. At the school level,
female principals were rare. Most of the principals did teaching at
the same time of being the principal. The two lower secondary
grades had larger school sizes and higher ratios of boarding
students.

Table 3 presents the raw gender gaps by grade and by subject
calculated from raw test scores, by time and province. Generally, it
shows a positive gender gap in Chinese and a negative one in math.
The gap seems to increase over time for Chinese for grade 5 and
grade 7. But overall the growth direction tends to be mixed for
math. In addition, there are some provincial differences.

We also computed raw gender gaps by selected student and
school characteristics (descriptive table not shown but available
upon request). One interesting finding is on SES, high SES is related
to a deduction in girls’ academic advantage in Chinese while
exacerbating girls’ academic disadvantage in math. So was the
direction of effect for average school SES.

4.2. Significant predictors of academic performance

The impacts of level 1 and level 2 predictors were identified
from the estimated coefficients of the intercept-as-outcome model
given in Eq. Equation set 1. Results based on the dummy flag
missing data treatment technique are described below and are not
shown in tables due to page limit (available upon request).

We have identified several significant student level predictors
for Chinese performance, including age (�), girl (+), being a
minority student (�), number of sibling (�), SES (+), receiving
boarding aid (�), being a boarder (�), group teaching (+), Time 1
(�) and Time 2 (�) for all grades. Distance from home to school had
a negative impact on student academic performance for most
grades. In addition, disability (�), and orphan (�) were statistically
significant only for the two primary grades. Similarly, Guizhou
SBEP students had a relatively lower average Chinese score for
primary school students (0.2–0.3 standard deviation). Most of the
signs were as expected and consistent with previous studies (An
et al., 2007; Sun et al., 2009; Lu and Du, 2010). It is also important
to note that group learning experience showed a positive impact
on Chinese performance, which is part of the rationale for the SBEP
intervention on teachers and might somewhat reflect SBEP’s
impact on changing the way of teaching and learning. For the
unexpected negative impact of receiving boarding aid, we infer
that it might come from the fact that the recipient status of
boarding aid was related to low SES and other disadvantage factors.
Additionally, school SES exhibited a positive impact on Chinese
scores, and the impact spanned across grade 3, grade 5 and grade 9.

Similar patterns were identified for the math performance
model.14 For example, being a minority student, SES, distance,
receiving boarding aid, group teaching have the same signs of
impacts as in the Chinese performance model, across the four
grades.

4.3. Findings on the average gender gap

As the focus of this paper, the estimates of gender gap by grade-
subject are shown in the first two rows in Table 4. To ensure
14 The math findings are different from the Chinese findings in four ways: (1) the

impact of being older was not consistently negative (not significant for grade 3 and

grade 9). (2) Girls performed worse than boys in math. (3) The coefficient of SES was

not statistically significant for grade 9 students. (4) There were no significant

provincial differences in math performance. (5) School level predictors of average

math scores for the school included the number of equipment (�) and the ratio of

minority students (+) for primary schools. These finding are generally consistent

with those reported in previous studies on China.



Table 1
Measures of the variables.

Variable Measurement

Dependent variable T_score Standardized test scores (mean = 0; standard deviation = 1), 0–100

Student level C Age Continuous: 7–13 for grade 3; 10–14 for grade 5; 12–16 for grade 7; 14–18 for grade 9

Girl Dummy: 1 for girl; 0 for boy

Minority Dummy: 1 for minority; 0 for non-minority

Minority_language Dummy: 1 for minority language; 0 otherwise

Disability Dummy: 1 if disable; 0 otherwise

F Orphan Dummy: 1 if orphan; 0 otherwise

Sibling Continuous: the number of siblings for the student, 0, 1, 2. . .

SES Ordered categorical: created by combining the number of listed assets in the family

(including: clothing, food, and pocket money; and the ownership of telephone, house

type, and car), standardized into 0–12 levels, low to high

FS Boarder Dummy: 1 if board in school; 0 otherwise

Aid Dummy: 1 if receiving boarding aid; 0 otherwise

Distance Categorical: 1–4, from close to far

TS Group Dummy: 1 if the teacher for the class used a group teaching method in the class

no_tech Dummy: 1 if there is no technical equipment for the classroom

Time dummies Time 1 Survey time 1, referring to Year 2006

Time 2 Survey time 2, referring to Year 2008

Time 3 Survey time 2, referring to Year 2010

Provincial dummies Yunnan 1 if in Yunnan province; 0 otherwise

Guangxi 1 if in Guangxi province; 0 otherwise

Guizhou 1 if in Guizhou province; 0 otherwise

School level Principal predictors P_age Continuous: the principal’s age

P_female Dummy: the principal’s gender, 1 if female; 0 otherwise

P_minority Dummy: the principal’s ethnic background, 1 if minority

P_degree Ordered categorical: principal’s degree level: order from 1 to 4, high level to low level

(college, secondary college, secondary technical school, high school and lower)

P_years Continuous: principal’s years of working the school

P_certi Dummy: 1 if the principal is certified; 0 otherwise

P_teach Dummy: 1 if the principal is teaching while being the principal

Other_S S_distance Ordered categorical: 1–4, distance to the township center, from close to far

Equip Continuous: number of equipments (0–10), including projector, video camera, DVD,

teaching aids, computer, internet, etc.

Tenrol: school size Continuous: number of students in the school

SDP Dummy: 1 if the school participated in the SDP (School Development Plan); 0 otherwise

School SES Continuous: constructed based on student family SES, range: 1.477–11.802

Tea_Q_R 100*ratio of qualified teachers

Tea_S_R 100*ratio of senior teachers

Tea_T_R 100*ratio of trained teachers

Boarder_R 100*ratio of boarding students

Minority_R 100*ratio of minority students

Tea_AM_R 100*ratio of arts, music and PE teachers

15 It should also be stressed that changes in gender gap over grades could possibly

reflect changes of student composition (i.e., the cohort effect). However, our data

does not allow for separation of the grade and composition effects.
16 In this example, the R square of OLS model is 0.165, compared to HLM’s two

pseudo R-square measures: 0.108 for the proportion of variance explained at level 1,

and 0.189 for the proportion of variance explained at level 2. Yet the measures in

HLM are not directly comparable to the OLS R square.
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robustness, two missing data treatment techniques are used for
the analysis; they are the dummy flag method and the multiple
imputation method.

The results indicate that for Chinese, girls performed better
than boys across all four grades, ranging from 0.059 to 0.086 of a
standard deviation. The gap was larger in lower secondary
grades. For math, however, the gender gap was consistently
negative across the four grades, ranging from �0.085 to �0.022
of a standard deviation. The largest gap was seen in the 7th grade,
and the impact was marginally significant at 10% level for grade
9. There was almost no difference in the gender gap estimates
from the two missing data treatment approaches. It should be
noted that the estimated gender differences was small in
magnitude, less than 0.1 of a standard deviation, or one point
of raw score; also, compared to other student background
variables in our study (e.g. SES), the size of the gender gap was
relatively small. However, the size of the gender gap was similar
in magnitude to that of being a minority or speaking a minority
language at home.

Results also indicate some increases in gender gap over
grades. For example, based on the dummy-flag approach, the
increase in the positive gap in Chinese between grade 3 and
grade 7 was between 0.020 and 0.027 of a standard deviation.
The increase in gender gap in math (in absolute magnitude) over
grades was also small but larger than that for Chinese. The larger
increase in math gap between the third grade and the seventh
grade might be related to the growth pattern of boys’ math
capability.15

As a note, we also conducted OLS estimates of the gender gaps,
which were somewhat different but similar to the above findings
from HLM. For example, the OLS estimate of the gender gap for the
grade 3 Chinese sample was 0.057, about 10% lower than the HLM
estimate of 0.065.16

Linking our findings to the literature, studies of gender gap at
the primary school level in rural China generally found a positive
gender gap in Chinese but either a negative or no gender gap in
math, and our study adds to this literature with similar findings.
For example, our finding of a positive gender gap in Chinese at the
primary level in Southwestern rural China is similar to that of the
study of Guangxi in the same region by Lu and Du (2010). Although
our finding of a negative gender gap in math at the primary level is



Table 3
Raw gender gap for Chinese and Math by time and province.

Subject by year and province Primary school Lower-secondary school

Grade 3 Grade 5 Grade 7 Grade 9

Chinese 2006 All 0.2125 0.4685 �0.2784 0.0334

Yunnan 0.3227 1.2937 0.1017 �0.0578

Guangxi �1.8282 �2.7836 �1.5254 0.1735

Guizhou 0.5618 0.5873 0.3918 0.7688

2008 All 1.2441 0.4784 1.2903 2.0931

Yunnan 0.5358 1.2025 �0.0793 0.1445

Guangxi 2.7321 2.9259 2.0518 3.5399

Guizhou 1.1572 �0.6725 1.8791 2.1661

2010 All 0.8436 1.2838 1.3453 0.2905

Yunnan 0.7974 0.6876 1.8167 0.6314

Guangxi 3.1825 3.0767 2.0634 1.6513

Guizhou 0.0785 0.8531 �0.0786 �0.6444

Math 2006 All �0.6349 �0.1974 �0.7074 �0.4449

Yunnan �1.0015 �0.6664 �2.1309 �2.8651

Guangxi 0.2397 0.1458 �0.1275 1.8389

Guizhou �1.0063 �0.3096 �0.8232 �1.6373

2008 All �0.4836 �1.2142 �1.6686 �0.0373

Yunnan �1.0496 �0.9825 �3.5193 �1.9105

Guangxi �0.4075 0.2926 �0.5808 0.8802

Guizhou �0.2106 �1.8214 �0.9005 0.8142

2010 All �0.3189 0.3926 �0.3196 �0.6429

Yunnan �0.1925 �0.0278 0.2274 �1.1141

Guangxi 1.2793 1.7297 �0.0735 �0.0964

Guizhou �0.8822 �0.0116 �1.4551 �0.6216

Note: the differences were computed based on the raw scores of non-missing units.

Table 2
Selected mean statistics for four grades by subject (Chinese and math) and by grade.

Subject Chinese Math

Grade Grade 3 Grade 7 Grade 9 Grade 3 Grade 5 Grade 7

Sample size (N) 31,198 8114 7624 31,590 25,604 7959

Variable Mean

Dependent variable T_score 49.630 48.049 49.423 47.289 48.757 52.358

Student level Age 9.912 13.583 15.600 9.892 11.841 13.616

Girl 0.490 0.486 0.494 0.490 0.488 0.489

Minority 0.415 0.602 0.573 0.415 0.423 0.604

Minority language 0.268 0.405 0.345 0.268 0.260 0.406

Disability 0.025 0.034 0.024 0.025 0.023 0.034

Orphan 0.013 0.006 0.003 0.013 0.007 0.006

Sibling 2.512 2.073 2.136 2.512 2.472 2.063

SES (0–12) 5.045 5.276 5.757 5.034 5.285 5.276

Boarder 0.096 0.645 0.629 0.096 0.122 0.645

Aid 0.103 0.446 0.447 0.105 0.126 0.444

Distance (1–4) 1.608 2.465 2.502 1.612 1.595 2.466

Group 0.706 0.740 0.663 0.708 0.733 0.740

no_tech 0.202 0.225 0.173 0.202 0.240 0.222

Time 1 0.380 0.319 0.398 0.377 0.421 0.322

Time 2 0.353 0.334 0.308 0.353 0.405 0.337

Time 3 0.267 0.347 0.294 0.269 0.173 0.341

Yunnan 0.338 0.332 0.316 0.334 0.316 0.333

Guangxi 0.162 0.372 0.324 0.161 0.174 0.368

Guizhou 0.500 0.297 0.361 0.505 0.510 0.299

School level P_age 38.349 39.606 39.573 38.384 37.977 39.598

P_female 0.039 0.019 0.022 0.039 0.046 0.019

P_minority 0.411 0.586 0.565 0.412 0.424 0.589

P_degree (1–4) 2.282 1.598 1.614 2.281 2.280 1.601

P_years 6.450 5.600 5.829 6.482 6.037 5.602

P_certi 0.713 0.820 0.836 0.716 0.728 0.817

P_teach 0.909 0.896 0.893 0.909 0.914 0.899

S_distance 1.776 1.232 1.217 1.773 1.763 1.237

Equip 5.375 7.162 7.121 5.395 5.362 7.149

Tenrol: school size 671.688 1016.418 1077.520 673.132 675.519 1015.604

SDP 0.592 0.581 0.591 0.595 0.593 0.578

School SES 5.130 5.412 5.701 5.123 5.254 5.411

Tea_Q_R 87.083 93.963 93.590 87.261 87.577 93.920

Tea_S_R 21.193 5.531 4.924 21.240 20.585 5.489

Tea_T_R 54.655 72.543 69.977 54.649 52.862 72.066

Boarder_R 19.419 49.943 48.490 19.387 19.493 50.268

Minority_R 41.274 54.838 52.235 41.262 42.780 54.891

Tea_AM_R 2.764 3.449 3.695 2.744 2.685 3.446
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Table 4
Gender difference in academic outcomes across grades: Chinese and math.

Models Chinese Math

Grade 3 Grade 5 Grade 7 Grade 9 Grade 3 Grade 5 Grade 7 Grade 9

Dummy flag Intercept-as-outcome 0.065***

(0.009)

0.071***

(0.010)

0.085***

(0.017)

0.076***

(0.018)

�0.024***

(0.009)

�0.028***

(0.010)

�0.085***

(0.017)

�0.034*

(0.019)

Complete model with best fitness 0.059***

(0.009)

0.067***

(0.011)

0.086***

(0.017)

0.081***

(0.022)

�0.029***

(0.009)

�0.032***

(0.011)

�0.082***

(0.021)

�0.040*

(0.023)

MI Intercept-as-outcome 0.066***

(0.009)

0.072***

(0.010)

– – �0.022**

(0.009)

�0.024**

(0.010)

– –

Notes: (a) For lower-secondary grades, MI is not available due to the complexity of missing data structure and the complexity of the imputation models (which are necessary).

(b) The complete models with best fitness: for different sample by grade and subject matter, HLM models differ in terms of equation settings and variables in the equation.

Mean of the level 1 variable is controlled in the slope equation for this variable in level 2. The reported results are from the models with best fitness and at least estimable

(some models are not estimable due to singularity and non-convergence). (c) Complete results from the intercept-as-outcome models (and some alternative models) are not

presented due to page limitation, available upon request.
* Stands for significant level of 10%.
** Stands for significant level of 5%.
*** Stands for significant level of 1%.
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different from Lu and Du (2010),17 but consistent with the finding
from Sun et al. (2009) and Wang et al. (2012), which targeted
primary education in northern rural China (Gansu, Ningxia and
Qinghai). It is also interesting to note that research on primary
education in Gansu in northern China reported somewhat different
results. For example, Sun et al. (2009) found no significant gender
gap in Chinese but Hannum et al. (2008) did. Sun found a small
negative gap in math but Hannum reported no gap in math. All
these four studies examined gender gap at the primary level, not
lower-secondary education.

At the same time, our findings enrich the gender gap literature
for lower-secondary education in rural China by showing a positive
gender gap in Chinese and negative one in math for junior school
students in Southwestern China’s poor counties. Except for Brown
and Park (2002), whose sample involved some children enrolled in
lower-secondary schools, there have been no other studies of
gender gap in rural China at the lower-secondary level. Brown and
Park (2002) documented that girls score higher on a composite
measure of test scores in junior secondary school, and it is
consistent to our subject specific findings to a large degree.

Compared to findings from studies with urban sample, our
results for rural Southwestern China shared the same conclusion of
a positive gender gap in Chinese language achievement. But one
important difference is that we found a negative gender gap in
math whereas insignificant math gaps were reported in the urban
sample studies. Our finding of a negative gender gap in math may
be due to the fact that students in our sample are from the poor
rural counties in Southwestern China, where boy preference still
pervades and therefore girls still lack the necessary resources and
support for the development of math skills as compared to urban
China (Hannum, 2005; Hannum et al., 2008; Lin and Qin, 2010;
Tsui, 2002; Wang, 2005; Wang et al., 2012).18 Comparatively, the
17 This difference may be related to differences in economic development status

and differences in the degree of boy preference between rural areas of Gansu

province and southwestern China. Note also that Hannum et al. (2008) found there

was little evidence of gender gap in economic investment in education for the

Gansu sample. This may partially explain why the gender gap in math is

insignificant in most of the Gansu studies. Comparatively, there might still be

gender imbalanced education investment in the three southwestern provinces

under our study.
18 While controversy exists as to whether disadvantage in math for girls is truly

innate rather than environmentally developed, traditionally, girls are often thought

to have genetic disadvantage in math and receive lower expectations from others in

their math capability (Gaulin and Hoffman, 1988; Berenbaum et al., 2008). Such

stereotype often leads to girls’ lack of self-confidence in math achievement. At the

same time, girls in rural families usually get fewer resources for development than

boys due to boy preference. Without changes in gender ideology and in the gender

imbalanced educational investment, girls in the poor areas of rural China may still

perform worse in math than boys.
insignificant gender gap in math in urban schools may imply that
parental support for girls, girls’ better non-cognitive skills and their
better compliance with the modern school environment in urban
areas have helped the girls to develop comparable achievement in
math (Lai, 2010).

4.4. Heterogeneous gender gaps

By adding interaction terms with the girl dummy into the level-
1 equation (see Eq. Equation set 2), we further explored the gender
gap by province, by year, by minority and by low family SES status.
The results are shown in Table 5. For Chinese (Panel A), fifth grade
female students’ academic advantage was smaller in 2006 and
2008 than 2010; this means that the positive gender gap in
Chinese was increasing over time. For fifth grade, the gender gap
in Chinese also varied by province in that the gap for Guizhou
province was significantly smaller than that for Yunnan province.
For most grades, being a minority student did not impose double
risks for the boys, except in grade 3, where a minority boy
achieved a statistically significant 0.04 standard deviation (about
half a score point) lower than a non-minority girl. But being in a
low-SES family did not worsen boys’ disadvantage in Chinese
language achievement.

The pattern is somewhat different for math (Panel B of Table 5).
In grade 5 and 7, female students’ math disadvantage was larger in
the previous two waves than the 2010 wave (when SBEP project
was completed). This means that the negative gap has been
narrowed. Another important finding is that, for each of the four
grades, the negative gender gap in math for Guangxi students was
significantly smaller in magnitude from that for Yunnan province.
Such difference was not seen between Guizhou students and
Yunnan students for each of the four grades. To explore more about
provincial differences in the gender gap in math, we conducted
separate estimation of the gender gap in math by province. As
shown in Table 6, the positive math gap is largest for Yunnan, and
somewhat smaller for Guizhou; but for Guangxi, the math gap is
statistically positive for grade 3 students while insignificant for
other grades. Overall, results consistently indicated that gender
gap in math varied significantly with provincial location. In
terms of double risks, low-SES instead of minority played a
minor role for fifth grade students: girls in poor families have
experienced a smaller negative math achievement gap than girls
in high SES families, though it was only statistically significant at
10% level. At the same time, the interaction between the
minority dummy and the girl dummy was not statistically
significant in any grade.

By estimating Eq. Equation set 3, we have the results on gender
gap by three selected school level predictors presented in Table 7.



Table 5
Gender differences by year, by province and by multi-risks (dummy flag, intercept-as-outcome model).

Variables Grade 3 Grade 5 Grade 7 Grade 9

Panel A: Chinese

Estimate of the girl slope in level 1 Before adding interactions 0.065***

(0.009)

0.071***

(0.010)

0.085***

(0.017)

0.076***

(0.018)

This model (a) 0.050**

(0.022)

0.178***

(0.027)

0.157***

(0.041)

0.032

(0.045)

Interactions’ coefficients girl*2006 �0.016

(0.024)

�0.138***

(0.029)

0.050

(0.041)

0.042***

(0.045)

girl*2008 0.015

(0.024)

�0.064**

(0.028)

�0.138***

(0.043)

0.134

(0.047)

girl*Guangxi 0.042

(0.030)

�0.039

(0.031)

�0.047

(0.043)

�0.015

(0.047)

girl*Guizhou �0.003

(0.021)

�0.065***

(0.022)

�0.033

(0.043)

�0.057

(0.044)

boy*minority �0.043**

(0.02)

�0.023

(0.021)

�0.0006

(0.037)

�0.050

(0.038)

boy*low_ses 0.018

(0.017)

�0.013

(0.018)

0.038

(0.030)

0.033

(0.032)

Panel B: Math

Estimate of the girl slope in level 1 Before adding interactions �0.024***

(0.009)

�0.028***

(0.010)

�0.085***

(0.017)

�0.034*

(0.019)

This model (a) �0.045**

(0.022)

0.013

(0.028)

�0.063

(0.042)

�0.155***

(0.047)

Interactions’ coefficients girl*2006 �0.005

(0.024)

�0.100***

(0.029)

�0.084*

(0.043)

0.073

(0.047)

girl*2008 �0.040*

(0.023)

�0.122***

(0.028)

�0.123***

(0.041)

�0.005

(0.050)

girl*Guangxi 0.102***

(0.030)

0.108***

(0.031)

0.096**

(0.043)

0.122**

(0.049)

girl*Guizhou 0.017

(0.021)

0.013

(0.023)

0.069

(0.043)

0.064

(0.046)

girl*minority 0.017

(0.020)

0.021

(0.021)

�0.034

(0.037)

0.041

(0.040)

girl*low_ses 0.011

(0.017)

0.035*

(0.018)

0.024

(0.031)

0.012

(0.034)

Notes: (a) these results are based on the dummy flag missing data treatment technique in the modified intercept-as-outcome model of Eq. Equation set 2. (b) The base group is

boys in Yunnan of 2010.
* Stands for significant level of 10%.
** Stands for significant level of 5%.
*** Stands for significant level of 1%.
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First, very interestingly, being in a school with a female principal
increased girls’ academic advantage in third-grade Chinese,
whereas the female principal’s impact was negative for grade 7
math. Second, at the primary level, larger school size showed a
decreasing effect on the positive gender gap in Chinese and it also
exacerbated the gender gap in math for grade 5. Third, school SES
was positively associated with gender gaps in Chinese for the two
primary grades, and this applied to the math gap for grade 3 as
Table 6
Gender difference in math by province (dummy flag, intercept-as-outcome model).

Sample Grade 3 Grade 5 Grade 7 Grade 9

Full sample �0.024***

(0.009)

�0.028***

(0.010)

�0.085***

(0.017)

�0.034*

(0.019)

3 Subsamples Yunnan �0.067***

(0.014)

�0.069***

(0.015)

�1.249***

(0.260)

�0.123***

(0.026)

Guangxi 0.050**

(0.021)

0.037

(0.026)

�0.034

(0.029)

0.029

(0.029)

Guizhou �0.033***

(0.01)

�0.025**

(0.012)

�0.073**

(0.034)

�0.016

(0.026)

Notes: (a) sample size varies by provincial subsample. For example, for grade 3,

proportions of Yunnan, Guangxi and Guizhou students are 33%, 16%, and 51%,

respectively. Sample compositions are similar in other grades. (b) The model used

for this sub group analysis by province is basically the same as listed in Eq. Equation

set 1, except removing the two provincial dummies.
* Stands for significant level of 10%.
** Stands for significant level of 5%.
*** Stands for significant level of 1%.
well. Fourth, the consistent sign of the interactions for school size
and school SES cast different implications for the two subjects. If
we aim to reduce the positive gender gap (or in other words, reduce
boys’ disadvantage) for Chinese, larger class size and lower school
SES are relevant. However, if we aim to narrow the gender gap in
math, smaller school size and higher school SES appear to be
preferable.

4.5. Robustness checks

To check the robustness of the gender gap estimates, we have
employed three alternative schemes as follows: (1) including in
the model one additional control, i.e. grade size. Since all students
in the sampled grade have been sampled, we can use the number of
sampled students in the dataset in each grade as the grade size
(ranging from 5 to 80 for the third grade). (2) Adding some
variables with a high missing rate (e.g. whether parents were out of
home for work) and some variables previously considered to be
endogenous but may be important for the understanding of the
education process (student expectation, frequency in raise/answer
questions in the classroom) in the controls. We find that estimates
of the coefficient of the ‘‘girl’’ dummy are robust across the above
two schemes and the baseline specification used earlier in this
study. (3) As already shown in Table 5, our gender gap estimates
are robust across two different missing data treatment methods
(dummy flag and MI).



Table 7
Gender differences by selected school level predictors: principal’s gender, school size and school SES (dummy flag, intercept-as-outcome model).

Variables Grade 3 Grade 5 Grade 7 Grade 9

Panel A: Chinese

Non-randomly varying female slope Intercept 0.066***

(0.010)

0.076***

(0.010)

0.086***

(0.017)

0.077***

(0.018)

P_femal 0.108**

(0.046)

0.041

(0.046)

�0.043

(0.130)

�0.014

(0.127)

Tenrol: school size �0.00003*

(0.00002)

�0.00006***

(0.00002)

0.00002

(0.00003)

0.000001

(0.00004)

School SES 0.023***

(0.006)

0.007

(0.006)

0.0006

(0.016)

0.014

(0.015)

Proportion of variance explained at each level Level-1 10.90% 11.39% 7.01% 16.11%

Level-2 18.85% 35.54% 30.28% 39.70%

Reliability estimates of random effects Intercept 0.945 0.945 0.971 0.959

The number of level-1 units 31,198 25,834 8114 7624

The number of level-2 units 392 366 100 99

Non-missing rate 100% 100.00% 100.00% 100.00%

Panel B: Math

Non-randomly varying female slope Intercept �0.020**

(0.009)

�0.020**

(0.010)

�0.077***

(0.017)

�0.033*

(0.019)

P_femal 0.004

(0.045)

0.010

(0.047)

�0.251**

(0.127)

�0.032

(0.133)

Tenrol: school size �0.00002

(0.0002)

�0.00007***

(0.00002)

0.00002

(0.00004)

0.00005

(0.00004)

School SES 0.017***

(0.006)

0.016***

(0.006)

0.018

(0.016)

0.0009

(0.016)

Proportion of variance explained at each level Level-1 12.18% 13.53% 3.42% 49.49%

Level-2 19.61% 25.32% 31.99% 17.46%

Reliability estimates of random effects Intercept 0.952 0.948 0.97 0.968

The number of level-1 units 31,590 25,604 7959 7557

The number of level-2 units 292 366 100 99

Non-missing rate 100.00% 100.00% 100.00% 100.00%

Notes: (a) these results are based on the dummy flag missing data treatment technique in the modified intercept-as-outcome model of Eq. Equation set 3. (b) The base group is

boys in Yunnan of 2010.
* Stands for significant level of 10%.
** Stands for significant level of 5%.
*** Stands for significant level of 1%.
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5. Conclusions

This paper has estimated the gender gap in Chinese and math
achievements among primary and lower-secondary school stu-
dents in the poor rural counties of Southwestern China, based on
data from the Southwest Basic Education Project (SBEP). It seeks to
address several gaps or weaknesses in research on this subject in
China, namely, the limitedness of studies on rural areas, in
Southwestern China, and on lower-secondary education, as well as
the lack of analyses of heterogeneous gender gaps and how gender
gaps vary over time.

Results from our 2-level HLM models indicate that, in the SBEP
schools of rural Southwestern China’s poor counties, there was a
positive gender gap favoring girls in Chinese while the math gap
was negative favoring boys across four grades (3, 5, 7, 9) in both the
primary and lower-secondary level.

The positive gender gap in Chinese is consistent to other studies
of rural China. Also interestingly, while most of the other rural
studies reported an insignificant gender gap in math, our study
found a negative gender gap in math, which is consistent to Wang
et al. (2012) only. This may imply that girls in these areas are still
less invested in education than boys in the remote mountainous
poor counties of rural Southwestern China, in comparison to Gansu
province. Compared to studies of urban China, our study is similar
in reporting a positive gender gap in Chinese; the difference lies in
that our study found a negative gender gap in math while the
finding was mixed in studies of urban China. This might be related
to the fact that there is no or very limited boy preference in urban
China. In short, in comparison to previous studies, our study
confirms the positive gender gap in Chinese but has a different
finding on the gender gap in math. Our study implies that girls’
academic disadvantage in math may be more severe in rural
Southwestern China, and it should be further examined in the
future.

Moreover, our study went beyond previous studies to explain
gender gaps across grades, over time, by province, and the
interaction between gender and other characteristics. First, it finds
that the gender gaps were larger in higher grades for Chinese and
math. This might be related to a possible occurrence of differential
drop out rate by gender in which ‘‘academic weak girls are more
likely to drop out in primary schools while most boys continue on
to junior secondary schools’’, as found in Brown and Park (2002, p.
523). Our paper cannot test this story directly because we only
have information of the same child for a single year; but our finding
of the increased gender gap in favor of girls across grade may be
somewhat related to this possible occurrence. Second, we also
found that female student’s advantage in Chinese language
increased a little bit over the three waves, while their disadvantage
in math became smallest in 2010. The Southwestern Basic
Education Project, therefore, might have increased girls’ academic
achievement to a larger degree as compared to boys, at least in the
three provinces under analysis. Third, gender gap varied by
geographical location: there was a significant difference in fifth-
grade Chinese between Guizhou and Yunnan; and for all four
grades in math, the gender gap for Guangxi was smaller than that
for Yunnan. Fourth, some student and school factors were found to
be associated with the gaps. In grade 3, being a minority imposed
double risk for boys in Chinese, and having a low family SES caused
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double risks for girls in fifth-grade math. Smaller school size and
higher School SES were found to increase gender gap in Chinese for
the two primary grades, while similar but slightly different
interaction effects only applied in the math gap for grade 3.

Overall, the average gender gaps in Chinese and math for the
Southwestern region as a whole are all less than one-tenth of a
standard deviation and are thus small. However, our study also
finds that average gender gaps do vary significantly among the
three provinces; and the gender gaps are significantly larger for
Yunnan province. Given the economic, cultural, and geographical
diversities among different provinces and regions in China, our
findings imply that the seriousness of the gender gaps in academic
achievement is likely to differ by provinces and regions. Our
findings from the SBEP schools may have implications for many
schools that are moving toward that direction, as the Chinese
government has been investing heavily with over 10 billion dollars
in the past four years to improve education quality along with the
implementation of the national plan for education reform and
development (2010–2020) (China Daily, 2014).

This study has several limitations. First, because of the lack of
data, we have not controlled for prior test scores of the students, so
the models used in this article are not value-added. We interpreted
the gender gap of academic performance for a particular grade in
our estimation as the accumulated gap over the schooling years till
the grade of the survey. Second, we do not have information on
teacher quality at the class level (while we do have some school
level quality indicators). Third, although we have precluded
possible endogeneity that could be generated by school selection
(as long as it is not related to gender), academically weak girls may
drop out earlier than boys (or the other way). This concern is
needed be explored further in future studies to fully understand
the meaning of the empirically estimated gender gap in cross-
sectional data, even though our data combines three cohorts of
cross-sectional data. This can be done in school or household
survey data that also collect outcomes for drop out students.
Fourth, our study is not designed to answer questions such as the
reasons behind the gender gap, which may be better investigated
using a mix of quantitative and qualitative research methods.
Further research may be conducted to address these limitations, to
explain the sources of the gender gap, and to explore interventions
for reducing such gender gaps.
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