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1. Introduction

In the past, because of fiscal considerations, many provincial
Departments of Education in China (and other developing
countries) abolished retention or set maximum limits on the
percentage of students in each cohort who could be retained
during their primary school years (Guangming Daily, 2000;
Liddell and Rae, 2001). For example, in Gansu province in China,
primary school principals were instructed to retain no more than
3% of the students in any of the six grades that constitute
elementary education (Guangming Daily, 2000). The reasoning
was that since China was relatively poor, fiscally, mass education
demanded that students move rapidly through the periods of
compulsory education.

While the logic of such policies may be understandable from
a budgetary perspective, the experience of educators interna-
tionally suggests that such a policy might adversely affect a
certain segment of students. Specifically, the empirical literature
outside of China has shown that in some cases students benefit

from grade retention (Alexander et al., 1994; Kerzner, 1982).
The argument is that grade retention is good for students who
are behind in their studies (and receiving failing or near failing
grades) since they are allowed to relearn the material and catch
up with their peers. If this literature is correct, those who are
retained should show relative improvement in the years after
they were retained.

In recent years, perhaps because China’s fiscal situation has
improved dramatically (Wang and Zhou, 2005), the Ministry of
Education eliminated the restrictions on the maximum number of
students that could be retained (Ministry of Education, 2006). In
some provinces local school administrators have been granted
more authority in deciding how many students would be retained
each year. In addition, in some areas the funding formulas were
relaxed to allow schools who had relatively high rates of retention
to continue to receive a ‘‘per student’’ subsidy (or allocation) for all
students, even for those students that were repeating grades
(CCTV, 2006). The idea was that this might improve the quality of
education, a result that would be consistent with the findings cited
above. However, it has been reported that in some localities school
officials may have taken advantage of the new compensation rules
and artificially inflated the retention rates purely for the fiscal gain
for the school (CCTV, 2006).
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Despite the rise in grade retention in poor areas in rural China recently, little work has been done to
understand the impact of grade retention on the educational performance of students in these areas in
rural China. This paper seeks to redress this shortcoming and examines the effect of grade retention on
educational performance on 1649 students in 36 elementary schools in Shaanxi province.With a dataset
that was collected from a survey designed specifically to capture school performance of students before
and after they were retained, we use differences-in-differences, propensity score matching and
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performance. Although the descriptive analysis shows that grade retention helps to improve the scores
of the students that were retained, somewhat surprisingly, the results from the multivariate analysis
consistently show that there is no significant positive effect of grade retention on school performance of
the students. In fact, in some cases (e.g., for the students who repeat grade 2), grade retention is shown to
hurt school performance.
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As retention rates rose in some areas, new concerns, also
grounded in the debate within the international education
literature, surfaced. In contrast to the empirical literature that
finds retention improves school performance of students (as
discussed above), other research criticizes the casual use of
grade retention (Grissom and Shepard, 1989; Holmes, 1989;
Fine, 1991). While students who repeat a grade do get a chance
to catch up, they also may experience negative psychological
effects. Some educators believe that grade retention destroys the
self-respect and confidence of students and can actually
decrease educational performance (Royce et al., 1983). There
also is a cost to the family, which has to pay for the associated
costs of another year of education, and retention extends the
time that their child is in school, delaying his/her entrance into
the labor force (Yang, 1991). If grade retention is associated with
poorer education performance, then local policies that encour-
age high rates of grade retention could systematically be hurting
students.

Somewhat surprisingly, little work has been done to under-
stand whether or not grade retention in the context of China helps
or hurts the educational performance of children. There are
discussions of grade retention in China’s social science literature
(Huang, 1998; Yu, 1999;Wen, 2002; Li, 2004). But, these papers are
at best based on descriptive statistics. Most of the work is based on
case studies and uses anecdotes as evidence. Given the fundamen-
tal importance in trying to develop better policies for improving
education, there is a need to more rigorously understand
empirically how grade retention affects school performance.

The overall goal of this paper is to examine the effect of grade
retention on the educational performance of elementary school
students in poor areas in rural China. It is possible that a better
understanding of the impact of grade retention will provide policy
makers with the information they need to make (or not make)
changes to the administration of the educational system in China’s
rural areas. The results can also contribute to the general
understanding of the relationship between grade retention and
school performance. To meet this goal, we pursue three specific
objectives. First, we compare the change of scores over time of
students that were retained with students that were not retained.
Second, we examine the determinants of grade retention in rural
China in order to find what types of students are most likely to
repeat a grade during their elementary school years. Third, we
examinewithmultivariate analysis whether or not grade retention
improves or hurts the school performance of rural students by
comparing their performance relative to their fellow students, both
before and after they were retained.

To meet these objectives, we will rely on a set of data that we
collected in 2006, a data collection effort that was designed
specifically to examine changes in school performance of children
before and after they were retained. With this data set, we focus
our attention on two types of students: the students who were
retained in grade 2, grade 3 or grade 4 and their fellow students in
the same grades that were not retained. Using these different
subsets of students, we compare changes in scores before and after
the students repeated their grades. A descriptive analysis is
supplemented by a more rigorous multivariate analysis on the
effects of grade retention on the educational performance using
several approaches, including a differences-in-differences ap-
proach (DID), propensity score matching (PSM) and a combination
of these two approaches (DIDM).

This study is unique in several respects. First, it contributes to
the limited understanding of the effects of grade retention on the
school performance in China by examining how children’s scores
correlate with grade retention. To date the empirical literature on
grade retention and school performance in China is almost
nonexistent. Second, we use the most up-to-date evaluation

methods, instead of the more traditional descriptive/case study/
Ordinary Least Squares approaches.

There are limitations in our approach, however. For example,
we focus on students from one province in China’s northwest
region, Shaanxi province. Since Shaanxi province is in one of the
poorest parts of China, this limits our ability to say anything about
China in general. In addition, since we only examine the effect of
grade retention on the school performance of the students who
were retained in grade 2, grade 3 or grade 4, our conclusions can
not necessarily be generalized to those students who are retained
in grade 1 (the most common grade during which students are
retained) or in any grade that is greater than grade 5.

2. Data

The data used in this paper come from a survey executed by the
authors in 2006. The survey was designed specifically to examine
the changes in school achievement of children before and after
they repeated at least one grade. While the survey in part relied on
recall data—especially for some of the control variables—we were
able to use records and rely on multiple sources of information for
our two key variables—scores of school achievement and grade
retention.

The sample was drawn from 36 primary schools in 12 towns in
Shaanxi province, one of the nation’s poorest provinces in
northwest China. The sample was drawn using a multi-stage,
clustering design with random selection procedures employed at
each stage. In the first stage six counties were selected from the
total of 93 counties in Shaanxi province. In the second stage the
survey team randomly selected two townships in each county. The
two townships were chosen from a list of all townships in the
county that were ranked according to per capita income. One
township was chosen from the townships that were relatively rich
and the other from the townships that were relatively poor. In the
third stage a list of all primary schools was created in each
township (where schools were limited to all primary schools that
included six years of schooling—or allwanxiao). From this list three
primary schools were chosen randomly.

The sample students were selected during the final stage of the
sampling. The sample design consisted of all students that were in
the sixth grade classes in each of the sample schools when they
were interviewed.1 On average there were 1.4 sixth grade classes
per school, ranging from one to three. When the data were
collected in September, the students had just begun a new school
year. Therefore, all of the sample students had just completed the
fifth grade less than two months previously (as the school year in
China runs between early September and mid-July). In total, the
sample included 1653 children and their families. Approximately
45% of sample students were girls. The ages of the students ranged
between 10 and 16; however, most of the students (73%) were
either 11 or 12.

Our main measure of education achievement is based on the
Chinese language scores of the students from 2001/2 (their first
grade year) to 2005/6 (their fifth grade year). Fortunately, in China
every student in almost every elementary school (including, at
least, all of the schools in our sample) keeps in his/her possession a
booklet that contains a comprehensive record of the Chinese
language scores for each semester of his/her schooling. This means
that the school achievement variables that we use in our analysis

1 We collected information on the number of students in the sixth grade in 2006
in each county; and the number of students in sixth grade in the sample schools.
This allowed us to create a set of weights tomake our resultsmore representative of
Shaanxi province. With these weights, students in small schools and in small
counties (small, according to the number of students) are given smaller weights;
students in large schools and in large counties are given greater weight in the
analysis.
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are record-based (not from recall). In other words, the information
on school achievement is not from recall, but is from each student’s
record book. The scores were copied by our enumerator with the
assistance of the homeroom teacher.

In this paper, we focus on second term Chinese language scores
because the scores for these classes are based on a single year-end
test that is standardized. The exams are standardized in two
dimensions. First, the questions are the same for all students
within the schools in the same township. Second, the final exams
were graded according to a single set of criteria by a township-
wide panel of teachers (which is done to make the scores more
objective). Although we also collected scores on math perfor-
mance, for the sake of brevity we put findings using math scores in
a series of appendix tables. In general, the findings in the paper
(which uses Chinese language scores)would hold up ifwe had used
math scores instead.

We also collected detailed information on the grade retention
histories of each student. The students reported which grade they
repeated. They also told us how many times that they repeated
each grade. All this information is also available in their booklets
and the enumerator (with the help of the homeroom teacher) was
asked to verify the information as well. As it turns out, only about
eight students repeatedmore than one grade. Because theywere so
special, these students were dropped from the analysis. Therefore,
in our analysis we are looking exclusively at students that were
retained for one year and comparing them to students that were
not retained.

Even with standardized scores, one thing that we are worried
about is that the effect of grade retention might be magnified or
attenuated if a student was moved from a ‘‘fast or accelerated’’
class to a ‘‘slower’’ one after he or she was retained. If this were the
case then the effect of grade retention on a student’s scores might
be confounded with the class placement decision. This is definitely
not an issue in 67% of the schools that we surveyed since there was
only one class per grade (meaning, there was no choice in terms of
class placement). When we interviewed teachers and principals in
the other schools (those with two or more classes per grade), we
were told that it was a policy in rural elementary schools not to
divide the classes into accelerated and/or slower ones. Most
scholars familiar with rural education—especially education in
poor areas in rural China—concurred with this observation. We
also used statistical analysis to test whether the distributions of
two or more classes in a single school were equal and our findings
are consistent with observations and interviews in the field—there
is no fast-tracking of students in rural elementary schools in our
sample areas.2

Another issue on grade retention that we are concerned about
is on what criteria were the grade retention decisions made. In
particular, it is important to know if grade retention is a process
that is mostly based on rules set by the school or if it is mostly a
process that is in the hands of parents. Although during our survey
and fieldwork this ended up being a difficult question to ask and
get consistent answers, we believe that the survey results clearly
support the conclusion that the grade retention decision ismostly
in the hands of the school authorities, mostly is based on rules and

only in a minority number of cases is subject to negotiations
between parents and teachers/school administrators. Almost
100% of teachers and school administrators that were surveyed
replied that grade retention was rule based and not subject to
negotiations with parents. It is easy in the case of many schools
(and/or school districts) to find written rules for grade retention
posted in the school office and in school files. In addition, more
than 60% of the parents of children that were retained told us the
same thing. Moreover, although around 40% of the parents of
students that were retained said that they were involved in the
decision to retain their child, in fact, when looking at the scores of
their children, in all but a small fraction of the cases their
children’s scores were so low such that they should have been
retained on the basis of school rules. Hence, it may be that
although parents may have believed they played a role in their
child’s retention decision, the final decision may have turned out
the same whether the parent had visited the school or not. There
are very few cases that a parent requested his/her child be
retained when his/her scores was sufficiently high (that is, above
the failing cutoff line).

In addition to school achievement and grade retention
information, we also included information in the survey that
could be used to create variables to control for other observed
factors that might be expected to affect school achievement (for
use as control variables). Two sets of variables were collected. In a
set of questions about student characteristics, we collected
information about each student’s gender, age and asked them
whether or not they were student cadres. Student cadres are
students in classes that are assigned (mostly by their teachers) as
class leaders and are given responsibilities, such as maintaining
the cleanliness of the classroom and collecting homework. The
survey form also included questions on the characteristics of the
student’s parents and family. The dataset includes variables on
each parent’s age and education attainment as well as the
household’s land holdings and the total number of other
household members.

3. Grade retention in poor areas in rural China

Based on our data, one of the results that stands out above all
others is the high rate of grade retention in our sample schools. Out
of the 1653 students in the sample schools, 35% of the students in
rural primary school repeated at least one grade before they
entered grade 6 (Table 1, row 6). If such high rates of retention are
common throughout China, it is clear that in the mid-2000s the
prohibition against retaining a maximum of 5% of students is no
longer binding. In fact, references to high retention rates are
increasingly common in the literature (Wang andWang, 1999). For
example, China Central Television reported that the retention rate
in some elementary schools in Gansu province was as high as 30%
(CCTV, 2006). These high rates reported in areas outside of our
sample area imply that our data may well be capturing what is a
fairly common phenomenon. Internationally, however, such high
rates are less common. In the US, for example, the estimated grade
retention rates of the students’ aged 14 and under range from
6.69% to 1.23% between the first grade and the fifth grade (Eide and
Showalter, 2001). Interestingly, in our sample more boy students
(39%, column 2) were retained than girl students (30%, column 4).

Although the overall retention rate is high for primary school,
in general, the rates at which students are asked to repeat grades
vary over the six years of schooling. Clearly, the rate is highest for
first grade. Fully 11% of first graders repeat their first year of
elementary school (Table 1). Such a finding, however, is not
special. In the US, for example, retention rates are almost always
substantially higher in the first grade than in subsequent grades
(Eide and Showalter, 2001).

2 In order to test this proposition, in schools with two fifth grade classes (eight
out of 36 schools in total) and three fifth grade classes (four out of 36 schools) we
used kernel distribution plots to graph the distributions of the scores and compared
them with each other. A visual comparison of the distribution of the scores among
the classes within the same school showed that, indeed, the distributions of the
classes appeared similar. To confirm this statistically, we used a two-sample
Kolmogorov–Smirnov test to determine if the distributions of the scores between
any two classes in the same school were equal. In all but four schools, we cannot
reject the hypothesis that any two classes in the same school have the same score
distributions. In summary, it appears as if ex-retention class placement bias is not
an issue impacting our analysis.
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The other pattern in the retention data is that after grade 1 the
retention rates fall steadily (Table 1). Between grade 2 and grade 4,
the retention rate falls from 9% to 6% to 5%.3 By the fifth grade, only
3% of students were retained. Interestingly, of the nearly 600
students that repeated grades, only eight of them repeated more
than one grade.

So who are these students that were retained for at least one
grade? To answer this, we ran a Probit regression to examine the
determinants of repeating a grade (Table 2).4 In other words, on
the left hand side we included a dummy variable that equals one if
the student was retained (and zero otherwise); on the right hand
side we included a series of student, school and parent
characteristics. We repeated the regressions with three alternative
dependent variables, depending on if the student was retained in
the first grade or not (column 1); if the studentwas ever retained in
the second to fourth grades (column 3); and if the studentwas ever
retained during any year inwhich she/hewas in elementary school
(column 2).

According to our descriptive regression results, we find that
certain types of students tend to repeat grades more often than
others, although the results differ between the regressions that
include first grade repeaters (columns 1 and 2) and those that do
not include them (column 3). For example, we find that, ceteris
paribus, young boy students are more likely to be retained than
young girl students in the first grade (row 1, column 1). Looking
at students’ entire time at elementary school (including the first
grade) boy students are also more likely to be retained for one of
the grades (row 1, column 2). The gender effect, however, is not
observed during grades 2–4. Also, the age at which a child starts
school is negatively associated with the tendency to repeat
grades—especially for the first and second regressions (row 2,
columns 1 and 2). However, like the gender effect, this
correlation also disappears during grades 2–4 (column 3). In
addition, the scores that students earned during the beginning
year of elementary school are associated closely with whether
those students repeated any grades (either grades 1–5—row 3,
column 2; or grades 2–4—column 3). Perhaps not surprisingly,
students that have higher grades in the first grade tend to have a
lower probability of repeating a grade during the subsequent
years. Finally, in all of the regressions, several of the other
control variables (e.g., age of father) are robustly correlated with
grade retention—regardless of the nature of the dependent
variable.

3.1. Grade retention and school performance in poor areas
in rural China

Most importantly, especially in our analysis, when students
were retained, there was a relative improvement to their school

Table 2
Probit regression analysis of the determinants of grade retention in rural China.

Dependent variable: grade retention dummy, =1 if the student repeated and 0 otherwisea

(1) (2) (3)

(1) Gender dummy, =1 if the student is male and 0 otherwise 0.182 (1.91)* 0.159 (2.12)** 0.012 (0.15)
(2) Starting age !0.411 (6.38)*** !0.107 (2.33)** 0.040 (0.76)
(3) Average score (second term) in 2002 !0.030 (8.46)*** !0.031 (8.24)***

(4) Sibling dummy, =1 if the student has no sibling in 2002 and 0 otherwise !0.066 (0.61) !0.093 (1.07) !0.091 (0.92)
(5) Age of the father, year 0.027 (2.32)** 0.033 (3.48)*** 0.021 (2.11)**

(6) Education level of the father, years of schooling !0.037 (1.70)* !0.035 (1.99)** !0.026 (1.33)
(7) Education level of the mother, years of schooling 0.011 (0.57) !0.024 (1.53) !0.041 (2.37)**

(8) Household total land holding, mu !0.007 (0.59) !0.001 (0.13) 0.001 (0.10)
(9) Dummy, =1 if the value of the house is larger than 5000 yuan 0.124 !0.066 !0.124 !0.093 !0.209 !0.091
(10) School_dummy Yes Yes Yes
(11) Observations 1527 1588 1590

Z statistics in parentheses.
a In model (1), grade retention dummy equals to 1 if the student repeated in grade 1 and 0 otherwise; In model (2), grade retention dummy equals to 1 if the student ever

repeated a grade between grades 1 and 5; and 0 otherwise; and inmodel (3), grade retention dummy equals to 1 if the student ever repeated a grade between grades 2 and 4;
and 0 otherwise.

* Significant at 10%.
** Significant at 5%.
*** Significant at 1%.

Table 1
Summary statistics of grade retention rate by gender and grade.

Repeated grade Boys Girls Total

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

Number Retention rate Number Retention rate Number Retention rate

(1) Grade 1 910 0.13 743 0.09 1653 0.11
(2) Grade 2 910 0.10 743 0.07 1653 0.09
(3) Grade 3 910 0.07 743 0.05 1653 0.06
(4) Grade 4 910 0.05 743 0.05 1653 0.05
(5) Grade 5 910 0.04 743 0.02 1653 0.03
(6) Total 910 0.39 743 0.30 1653 0.35

3 In this paper we will mainly focus on the students that repeat grade 2, grade 3
and grade 4. We do so, since it is only for these students that we can compare the
changes of their scores from before and after the year that they were retained.
Unfortunately, since we do not have a grade before grade 1 and do not observe a
grade after grade 5 (since we are surveying sixth graders), we cannot use these
observations as part of our treatment group (since we can observe the effect of
retention on grade change). In our sample those that were retained in grade 2, grade
3 and grade 4 accounted for 57% of all the students who had ever been retained; this
accounts for 20% of the entire sample (and a higher amount of the usable sample,
sincewe drop those thatwere retained during grade 1 and grade 5 from the analysis
(they are not part of either the treatment or control group).

4 It should be noted that the purpose of running this regression is for purely
descriptive reasons—to see what factors are correlated with the tendency for an
individual to be retained. We are not at all trying to assign causation.
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performance. Based on descriptive statistics using our data, when
we examine changes in the scores of students before and after they
were retained in the second grade, the gap in the scores is
narrowing between the students who were retained during their
second grade years and those that were not retained. It is true that
the scores of those that were retained were lower than those that
were not retained—both before and after the year that students
repeated. However, their scores, on average, were 6.2 points lower
before they were retained and only 5.5 points lower after they
were retained.

This same pattern holds for those students thatwere retained in
the third and fourth grades (Table 3). For the students retained in
the third grade, the gap in the scores (between the year before and
the year after retention) dropped from 5.1 to 1.5 (row 9, columns 2
and 4). For the students retained in the fourth grade, the gap
dropped from 4.5 to 2.2 (row 12, columns 2 and 4). The implication
of these findings (should they hold up in the multivariate
analysis—see below) is that grade retention appears to be helping
students by improving their scores in a relative sense.

The narrowing gap is also fairly robust in several dimensions.
For example, the narrowing of the gap is found to persist over time
at the level of primary school education. In other words, the gap in
the scores of grade 5 between those that were retained in grade 2
(grade 3) and those that were not retained was narrower than the
gap in the scores in grade 1 (grade 2). In addition, the falling gap
shows up when we look at Chinese language scores and math
scores (see Tables A1 and A2). To show this it can be seen that for
the students retained in the second grade, the gap in the scores
between them and those not retained dropped from 6.2 to 6.0 in
Chinese language and from 6.3 to 5.1 in math (see Tables A1 and
A2, row 6, columns 1 and 3).

In short, then, the descriptive results show that grade retention
may be helping students. Although those that were retained have
scores lower than those that were not retained, the gap is
narrowing over time. Such a finding would mean that something
(for example, allowing students a chance to catch up or allowing
them to mature age-wise) is helping contribute positively to the
school performance of individuals. However, it is important to
remember that our results to this point are descriptive. It is
possible that when other factors are held constant, this positive
result will disappear. We also do not know if the point estimate is
positive or if it is statistically significant or not (that is, it could be
statistically equal to zero). In fact, the education literature contains
many papers that discuss the tendency of other factors to affect
scores. For example, one paper finds that girl students outperform

the boy students (ERIC Development Team, 2001) in reading and
writing in some grades. Other papers have found that the starting
age of a student also affects school performance (Fredriksson and
Öckert, 2005). Because of these effects (and possible interactions
between them and retention and scores), multivariable analysis is
needed to more fully explore the impacts of grade retention on the
school performance.

4. Methodology

The objective of this part of the study is to examine the effect of
grade retention on educational performance (Chinese language
scores). In order to evaluate the effects of grade retention,
conceptually we are making grade retention the treatment. In
other words, our sample students are divided into a treatment
group (those that were retained by the school and had to repeat a
grade) and a comparison group (those that never repeated a grade).
To do this, we employ a differences-in-differences estimation
approach (DID). Using the DID approach allows us to compare the
outcomes before and after a student repeated a grade with
students not affected by the treatment (those who were not
retained). By comparing the before–after change of treated groups
with the before–after change of comparison groups, any common
trends, which will show up in the outcomes (Chinese language
scores) of the comparison groups as well as the treated groups, will
be differenced out (Smith, 2004).5

In addition to the standard DID estimator, we implement three
other DID estimators: an ‘‘unrestricted’’ version that includes the
lagged dependent variable (the Chinese language score from the
student’s first year in the primary school) as a right hand variable,

Table 3
Differences of average scores of Chinese language and math courses (second term) between students that repeated a grade and those that did not repeat a grade.

Repeated grade (1) (2) (3) (4) (5)

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

(1) Grade 1 Not Repeated (control) 72.96 72.49 70.10 69.13 70.99
(2) Repeated (treatment) 72.28 71.55 68.94 67.88 69.01
(3) Difference !0.68 !0.94 !1.17 !1.25 !1.99

(4) Grade 2 Not repeated (control) 73.57 72.64 70.64 69.63 71.46
(5) Repeated (treatment) 67.35 66.54 65.12 64.65 66.80
(6) Difference !6.22 !6.11 !5.53 !4.98 !4.66

(7) Grade 3 Not repeated (control) 74.00 73.53 70.97 69.71 71.62
(8) Repeated (treatment) 68.12 68.40 66.56 68.19 69.12
(9) Difference !5.89 !5.13 !4.41 !1.52 !2.50

(10) Grade 4 Not repeated (control) 74.38 73.89 71.25 69.98 71.76
(11) Repeated (treatment) 68.45 68.26 66.78 65.80 69.58
(12) Difference !5.93 !5.63 !4.47 !4.18 !2.19

(13) Grade 5 Not repeated (control) 74.60 74.03 71.41 70.17 71.81
(14) Repeated (treatment) 70.17 71.39 68.07 65.94 70.69
(15) Difference !4.44 !2.64 !3.34 !4.23 !1.13

5 Since we use differencing, it is possible that our results are affected by a
common phenomenon in statistical analysis called ‘‘regression to themean.’’ This is
a phenomenon that is potentially common in education because student test scores
are in part due to ability and in part due to random error (or chance). Therefore, if
we are looking at the changes in scores of only the students with theworst scores in
class, it is possible that their scores will improve, not from the intervention (which
in this case is grade retention) but becausemany of the unlucky students on the first
test will be luckier on the second test and it will appear as if they got better due to
the intervention when in fact there was no effect of the intervention and there was
only a naturally occurring regression to the mean. Of course, it could be that
regression to the mean is more evident for one of our groups—e.g., those students
that were retained. Because of this, we also used matching, which is a non-
experimental way to create treatment and control groups that overcome the
potential problems of regression to the mean. The results in our paper when we
used either DID ormatchingwere almost the same. Therefore, we do not believe our
results are merely picking up regression to the mean effects.
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an ‘‘adjusted’’ version that includes other covariates in addition to
the treatment variable (in our case they are a series of control
variables from 2002 or the pre-retention period), and an
unrestricted/adjusted model that combines the features of both
the ‘‘unrestricted’’ and ‘‘adjusted’’ model. In summary, the models
to be estimated are:

Model (1), restricted and unadjusted:DScorei = a + dRETAINi + ei
Model (2), restricted and adjusted: DScorei = a + dRETAINi + b-
Xi + ei
Model (3), unrestricted and unadjusted: DScorei = a + dRETAI-
Ni + gScore_beforeretaini + ei
Model (4), unrestricted and adjusted: DScorei = a + dRETAI-
Ni + gScore_beforeretaini + bXi + ei

where i is an index for the student, DScorei is the change of the
second term Chinese language score of student i between the
Chinese language score after the student was retained and the
Chinese language score before the studentwas retained,6 RETAINi is
the treatment variable (which makes d the parameter of interest)
and the Score_beforeretaini is the score of the student for the grade
of the year before the student was retained. Finally, the term Xi is a
vector of covariates that are included to capture the characteristics
of students, parents and households. If not stated otherwise,Xi also
includes a set of 11 town indicator or dummy variables.7

4.1. Alternative estimation approaches

As might be expected, the effectiveness of DID depends on
the validity of the assumption of ‘‘parallel trends.’’8 The reality
of our question (understanding the effect of grade retention on
the scores of students) may mean that even though we control
for a large number of observable variables in 2002 in the
adjusted and unrestricted versions of the DID estimates, there
could be other unobservable factors that may compromise this
assumption. Because of the potential existence of other

differences between students retained and students not
retained, we also use propensity score matching (PSM), which
is an approach that does not require the parallel trend
assumption. PSM allows the analyst to match the treated and
the comparisons when observable characteristics of students,
who were retained, and observable characteristics of students,
who were not retained, are continuous (Rosenbaum and Rubin,
1985).

In addition, to eliminate the bias due to time-invariant
unobservable differences between retained students and non-
retained students, we extend the cross-sectional PSM approach to
a longitudinal setting and implement a differences-in-differences
matching (DIDM) strategy. With DIDM we can exploit the data on
the retained students in the grade before they repeated to
construct the required counterfactual, instead of just using the
data in a grade after they repeated (as was used in the traditional
PSM analysis—which was describe above). The advantage of DIDM
is that the assumptions that justify DIDM estimation are weaker
than the assumptions necessary for DID or the conventional PSM
estimator.

Although the above matching methods can significantly
improve the reliability of matching estimators, producing
results that have been shown to be very close to those based
on a randomized design, statisticians counsel that geographic
mismatch between matched observations should be avoided
(Smith and Todd, 2005; Abadie and Imbens, 2006). In our case
when we use PSM, even if we have added a set of township
dummies when estimating the propensity scores, students that
are from different townships, but that have similar propensity
scores, may still be matched as a pair of treatment and
comparison observations. Abadie and Imbens (2006) propose
a method to eliminate the bias caused by imprecise matching of
covariates between treatment and comparison observations
using nearest neighbor matching.9

In making specific choices about the methodology, our
approach is to minimize potential bias whenever possible. To
minimize geographic mismatch, we enforce exact matching by
township.10 To do this, each treatment observation is matched to
three comparison observations with replacement, which is few
enough to enable exact matching by township for nearly all
observations, but enough to reduce the asymptotic efficiency loss
significantly (Abadie and Imbens, 2006).Whenwe use thismethod
for matching, we report our results as multi-dimensional matching
results to differentiate this approach to matching from the
traditional or basic matching approach that we also use (which
was described above).11 This approach has been shown to prevent
the estimates from relying too heavily on just a few comparison
observations. In other words, because we are not sure what is the
best approach, apriori, we use all of the approaches and hope that
our results are the same—regardless of the exact approach
adopted.

6 In our analysis, when we examine the short-term effect of grade retention on
the student’s school performance,DScorei is the change of the second term score of
student i between the grade just after the student was retained and the grade right
before the student was retained. For example, in the case of the effect of grade
retention in grade 2, DScorei is the final grade from the third grade minus the final
grade from the first grade; while when we examine the long-term effect of grade
retention on the student’s school performance, DScorei is the change of the second
term score of student i between the fifth grade and first grade.

7 Although it is true that different townships have different exams and different
grading criteria, in most of our regressions, especially in Regression Model 4 (the
model that we ultimately rely on for drawing the overall conclusions for the paper),
we also include a set of township indicator (or dummy) variables (one for every
township). This means that what we are actually measuring is the average effect of
grade retention across different townships. In other words, we do not use any of the
inter-township variability in test scores in deriving the estimated retention effects.

In order to show this more clearly, we can rewrite model (4) as:
Model (4a): DScorei = a + dRETAINi + gScore_beforeretaini + b0X0

i + D-town + ei,
where b0 is the same as b, but does not include the estimated coefficients

associated with the 11 town dummy variables; where Xi is the same as Xi except the
set of 11 town dummies (D-town) has been removed; where D-town is a set of 12
dummy variables. In fact, D-town is actually amatrix of 11 dummy variables, where
D-town1 = 1, if observations belong to town 1 and zero otherwise; where D-
town2 = 1, if the observations belong to town 2 and zero otherwise; and so on for D-
town3 to D-town11. Since we do not include D-town12, this is the base township
(measured by the intercept a). When running the model this way, the
interpretation of d is the average effect across the 12 sample townships of RETAIN
on the change of the Score (or DScorei).

An alternative model that would lead to the exact same result would be to run
the model:

Model (4b): DScorei = a + d0RETAINi + g0Score_beforeretaini + b0X0
i + ui

for each town separately (that is run it 12 times). In this case, the average of the
12 estimated parameters (d0) from model (4b) = d from model (4a).

8 See details in the appendix for the description of the methodology used in this
paper.

9 They also developed a formula to estimate standard errors for matching with a
fixed number of nearest neighbors that are asymptotically consistent andwhich can
accommodate unobserved heterogeneity in the treatment effect. In this paper, we
use the nearest neighbor matching algorithm with bias adjustment developed by
Abadie and Imbens (2006).
10 This is accomplished by assigning an arbitrarily high weight to the exact
matching variable in defining the matching criteria.
11 Matching is based on a set of covariates which are time-invariant or were
measured in 2002. The weighting matrix uses the Mahalanobis metric, which is the
inverse of the sample variance/covariance matrix of the matching variables. We
chose a set of 11 matching variables (see Table 4) for household level matching.
Furthermore, we use the propensity scores as a diagnostic tool to restrict the sample
used in each matching estimation to those with common support. We also visually
examined the graphs of the propensity scores and trimmed the sample if there was
a large imbalance between control observations and treatment observations with
similar propensity scores.
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5. Results of multivariate analysis

The results of our DID analysis using the restricted specifications
(that is, models (1) and (2)) demonstrate that the findings of the
multivariate analysis are consistent with the descriptive analysis.12

For example, when we use the restricted and unadjusted specifica-
tion of the empirical model (Table 4, column 1), the results show
that, ceteris paribus, theChinese language scores of the students that
were retained in grade 2, grade 3 and grade 4 rose relatively more
than those studentswhonever repeated a gradeduring this periodof
elementary school (row 1). The coefficient on the variable of interest
is statistically significant. This finding (from the most simple model)
suggests that grade retention actually improves the Chinese
language performance of students that were retained, the same
finding as that of the descriptive statistics that were reported in
Table 3. This resultdoesnotchangemuchwhenweuse the restricted
and adjusted specification (which is the same specification as in
column 1, but also controls for a number of observable covariates—
column2, row1). If these resultswere toholdup throughout the rest

of thepaper,wemight conclude that there is actually abenefit that is
accruing to students from the recent relaxation of restrictions on the
maximum number of students that can be retained in a single year.

When we use the unrestricted specification (either the
unadjusted or adjusted version of the model—that is model (3)
or (4)), however, the results change sharply (Table 4, columns 3
and 4). By controlling for the Chinese language performance of the
students when they were in grade 1 (or the year before any of the
students were retained—which is accomplished by including the
variable, Score_grade1i), neither of the signs on the coefficient of
the grade retention variable during grade 2, grade 3 and grade 4 is
significant positive (row 1, columns 3 and 4). In fact, the coefficient
of interest is negative and significant in the model that includes
both Score_grade1i and the other covariates (or the unrestricted
and adjusted model, column 4, row 1). In general, this result
demonstrates that the Chinese language scores of students that
repeated a grade (either grade 2 or grade 3 or grade 4), in fact,
dropped relative to the scores of those students that had never
repeated a grade. Therefore, the most important finding in Table 4
is that—at least for the unrestricted model—we can reject the
hypothesis that grade retention improves school performance in
Chinese language.13

Table 4
Difference-in-differences analysis for the effect of grade retention on school performance of Chinese languagea.

Dependent variable: the change in the second term scores of Chinese language between grade 1 and grade 5

(1) (2) (3) (4)

Restricted and
unadjusted

Restricted
and adjusted

Unrestricted
and unadjusted

Unrestricted
and adjusted

(1) Grade RETENTION dummy, =1 if the student ever repeated
in grade 2, 3 or 4 and 0 otherwise

3.337 (3.15)*** 2.354 (1.94)* 0.043 (0.05) !1.698 (1.75)*

(2) Score before retention !0.510 (16.45)*** !0.715 (19.81)***

(3) Gender dummy, =1 if the student is male and
0 otherwise

0.938 (1.18) !1.852 (2.96)***

(4) The student’s age in 2002, year 0.465 (0.89) !0.707 (1.72)*

(5) Student cadre dummy, =1 if the student was
a cadre in 2002 and 0 otherwise

!3.083 (3.55)*** 0.767 (1.12)

(6) Mentor dummy, =1 if the student had a mentor
in 2002 and 0 otherwise

!1.402 (1.09) !0.639 (0.70)

(7) Sibling dummy, =1 if the student has no
sibling in 2002 and 0 otherwise

!0.273 (0.28) !0.007 (0.01)

(8) Age of the father, year !0.109 (1.22) 0.006 (0.08)
(9) Education level of the father, years

of schooling
0.007 (0.03) 0.122 (0.75)

(10) Education level of the mother,
years of schooling

0.103 (0.53) 0.204 (1.32)

(11) Household total land holding in
2002, mu

!0.032 (0.30) 0.002 (0.03)

(12) Number of household members in
2002, person

!0.090 (0.23) 0.087 (0.28)

(13) House value dummy, =1 if the value of the house is
larger than 5000 yuan in 2002 and 0 otherwise

!0.787 (0.93) !0.922 (1.46)

(14) Town dummy Yes Yes
(15) Observations 1396 1346 1396 1346
(16) R2 0.01 0.08 0.30 0.45

Robust t statistics in parentheses.
a The sample here excludes the students who repeated in grades 1, 5 and 6 and the regression models used in this table are the following specifications respectively:

Model (1), restricted and unadjusted: DScorei=a+ dRETAINi+ ei.
Model (2), restricted and adjusted: DScorei=a+ dRETAINi+bXi+ ei.
Model (3), unrestricted and unadjusted: DScorei=a+dRETAINi+gScore_beforeretaini+ ei.
Model (4), unrestricted and adjusted: DScorei=a+dRETAINi+gScore_beforeretaini +bXi+ ei,
where i is an index for the student,DScorei is the change of the second term score of Chinese language of student i between the first grade and the fifth grade, RETAINi is the
treatment variable (whichmakes d the parameter of interest) and the Score_beforeretaini is the second term score of Chinese language of student i for the first grade. Finally,
the term Xi is a vector of covariates that are included to capture the characteristics of the student, his/her parents and household.

* Significant at 10%.
** Significant at 5%.
*** Significant at 1%.

12 In the paper for brevity, we report all of the results for the scores on Chinese
language exams. We do this in Tables 4–7. While it is possible that we would get
different answers if we ran the analysis separately on Math scores (instead of
Chinese language scores), in fact, there is little difference between the results from
the Math scores and the results from the Chinese language scores. To show this, we
have added Appendix Tables A3–A6, and show the same results for Math scores in
the Appendix as we do for the Chinese language scores.

13 These results also show the importance of controlling for a student’s ability (or,
at least, the grades earned in grade 1). The t-ratios associated with the coefficient of
the Score_grade1i variable are very high.
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Table 5
Difference-in-differences analysis for the short-term effect of grade retention on school performance of Chinese languagea.

Dependent variable: the change in the second term scores of Chinese language right before and after the student repeated

Grade 2 Grade 3 Grade 4

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

Unrestricted
and unadjusted

Unrestricted
and adjusted

Unrestricted
and unadjusted

Unrestricted
and adjusted

Unrestricted
and unadjusted

Unrestricted
and adjusted

(1) Grade RETENTION dummy =1 if the student
repeated in a certain grade and 0 otherwisee

!2.519 (2.01)** !2.569 (2.05)** 0.203 (0.15) !1.304 (1.01) 2.053 (1.51) 2.083 (1.55)

(2) Score before retentionb !0.503 (17.25)*** !0.645 (18.75)*** !0.486 (18.73)*** !0.628 (18.75)*** !0.361 (13.11)*** !0.566 (17.12)***

(3) Gender dummy =1 if the student
is male and 0 otherwise

!1.093 (1.86)* !2.319 (3.99)*** !1.805 (3.00)***

(4) The student’s age in 2002, year !1.254 (3.50)*** !0.660 (1.79)* !0.889 (2.40)**

(5) Student cadre dummy, =1 if the student
was a cadre in 2002 and 0 otherwise

1.576 (2.43)** 0.788 (1.22) 0.985 (1.66)*

(6) Mentor dummy, =1 if the student had
a mentor in 2002 and 0 otherwise

!1.490 (1.68)* !1.520 (1.75)* 0.260 (0.30)

(7) Sibling dummy, =1 if the student has no sibling in
2002 and 0 otherwise

!0.480 (0.64) 0.911 (1.24) 0.136 (0.18)

(8) Age of the father, year 0.123 (1.58) 0.028 (0.40) !0.037 (0.52)
(9) Education level of the father, years of schooling 0.111 (0.83) !0.042 (0.32) 0.105 (0.74)
(10) Education level of the mother, years of schooling 0.177 (1.47) 0.367 (2.74)*** 0.163 (1.13)
(11) Household total land holding

in 2002, mu
!0.124 (1.84)* 0.005 (0.07) 0.056 (0.85)

(12) Number of household members in 2002, person !0.048 (0.17) 0.381 (1.36) 0.140 (0.47)
(13) House value dummy, =1 if the value of the house

is larger than 5000 yuan in 2002 and 0 otherwise
!1.251 (2.01)** !0.103 (0.17) !0.344 (0.57)

(14) Town dummy Yes Yes Yes
(15) Observations 1396 1346 1395 1345 1396 1346
(16) R2 0.32 0.42 0.30 0.38 0.17 0.32

Robust t statistics in parentheses.
a The sample here excludes the students who repeated in grades 1, 5 and 6 and the regression models used in this table are the following specifications respectively:

Models (1) and (3), unrestricted and unadjusted: DScorei=a+ dRETAINi+gScore_beforeretaini+ ei.
Models (2) and (4), unrestricted and adjusted: DScorei=a+ dRETAINi+gScore_beforeretaini+bXi+ ei,
where i is an index for the student,DScorei is the change of the second term score of Chinese language of student i between the grade right after the studentwas retained and the grade right before the studentwas retained. That is, for
grade 2 in columns (1) and (2),DScorei is the change in the second term scores of Chinese language between grade 1 and grade 3; for grade 3 in columns (3) and (4),DScorei is the change in the second term scores of Chinese language
between grade 2 and grade 4; for grade 4 in columns (5) and (6),DScorei is the change in the second term scores of Chinese language between grade 3 and grade 5. RETAINi is the treatment variable (which makes d the parameter of
interest) and the Score_beforeretaini is the second term score of Chinese language of student i for the grade of the year before the student was retained. Finally, the term Xi is a vector of covariates that are included to capture the
characteristics of student i, his/her parents and household.

b The score before retention is the score of Chinese language in the year right before the student repeated, that is, the second term score of Chinese language in 2002 formodels (1) and (2), the second term score of Chinese language
in 2003 for models (3) and (4) and the second term score of Chinese language in 2004 for models (5) and (6).

* Significant at 10%.
** Significant at 10%.
*** Significant at 10%.
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Moreover, the higher adjusted R2 statistics in models that
include grade 1 scores show that the unrestricted versions of the
model (columns 3 and 4) fit the data better. In other words, when
analyzing the effect of grade retention on school performance it is
important to control for a student’s ability (or his/her beginning
scores). Therefore, in the rest of the paper, we focus on the
unrestricted models.

The samebasic resultsholdwhenwe lookat the short-termeffects
of grade retention in grade 2 or grade 3 or grade 4 (Table 5).14

Whether using the Unadjusted version of the model (columns 1, 3
and 5) or the adjusted version of themodel (columns 2, 4 and 6), we
can not find any significant positive effect of grade retention on
school performance. This is true for those that repeat grade 2
(columns1and2), grade3 (columns3and4), andgrade4 (columns5
and 6). In other words, our results are consistent with those in the
international literature that raise concerns that grade retention is
not beneficial to the average student (Holmes, 1989; Fine, 1991).

The results remain almost the samewhenwe examine the long-
term effects of grade retention in grade 2 and grade 3. In this paper,
the long-term effect of grade retention is defined as the change in
the Chinese language score of a student between grade 1 and grade
5. This means that we are measuring a three-year effect in the case

of those students that were retained in grade 2 and a two-year
effect in the case of those students that were retained in grade 3.
When doing so, the results remain consistent and show that there
is no positive long-term effect of grade retention (Table 6). This is
true if the student repeated grade 2 (columns 1 and 2) or grade 3
(columns 3 and 4). It also is true regardless of the version of the
model that we run. In fact, for those students that repeated either
in grade 2 or grade 3, their scores of Chinese language not only did
not rise, they actually dropped (significantly) by more than two
points (columns 2 and 4).

The results of the analysis of the coefficients of some of the
control variables in Tables 4 and 5 are both of interest (in and of
themselves) and help to provide confidence that our data are
relatively high quality (since many of them produce signs that are
reasonable). For example, in all of the regressions in which we
control for the beginning scores of the students, the significant
negative signs of the coefficients on the gender variables suggest
that there is a tendency for boys in China’s primary schools to score
lower than girls. The significant negative sign on the coefficient of
the starting-age-of-the-student variable shows that the scores of
older students drop relatively more than those of younger students.
Thisfinding is reasonable since students thatenterprimaryschool at
an older age may have an initial advantage because they may be
relatively more mature (Fredriksson and Öckert, 2005). The initial
advantage, however, gradually disappears as younger children catch
up over the course of primary school. The positive signs (and level of
statistical significance in some of the regressions) of the coefficients
on the level-of-education-of-the mother variable suggest that the
education of themother is an important determinant of the Chinese

Table 6
Difference-in-difference analysis for the long-term effect of grade retention on school performance of Chinese languagea.

Dependent variable: the change in the second term scores of Chinese language between grade 1 and grade 5

Grade 2 Grade 3

(1) (2) (3) (4)

Unrestricted and
unadjusted

Unrestricted and
adjusted

Unrestricted and
unadjusted

Unrestricted
and adjusted

(1) Grade RETENTION dummy, =1 if the student
repeated in a certain grade and 0 otherwise

!1.154 (0.97) !2.397 (1.87)* !0.801 (0.55) !2.476 (1.83)*

(2) Score before retention !0.514 (16.36)*** !0.712 (20.14)*** !0.448 (14.70)** !0.643 (17.49)**

(3) Gender dummy, =1 if the student is male and 0 otherwise !1.792 (2.88)*** !1.853 (2.98)***

(4) The student’s age in 2002, year !0.822 (2.13)** !0.761 (2.03)**

(5) Student cadre dummy, =1 if the student
was a cadre in 2002 and 0 otherwise

0.826 (1.22) 0.481 (0.71)

(6) Mentor dummy, =1 if the student had a
mentor in 2002 and 0 otherwise

!0.637 (0.70) !0.455 (0.51)

(7) Sibling dummy, =1 if the student has no
sibling in 2002 and 0 otherwise

!0.060 (0.08) 0.301 (0.39)

(8) Age of the father, year 0.004 (0.05) 0.039 (0.52)
(9) Education level of the father, years of schooling 0.124 (0.77) 0.108 (0.69)
(10) Education level of the mother, years of schooling 0.210 (1.37) 0.240 (1.56)
(11) Household total land holding in 2002, mu 0.001 (0.01) 0.011 (0.14)
(12) Number of household members in 2002, person 0.080 (0.26) 0.086 (0.28)
(13) House value dummy, =1 if the value of the house

is larger than 5000 yuan in 2002 and 0 otherwise
!0.940 (1.48) !0.778 (1.24)

(14) Town dummy Yes Yes
(15) Observations 1396 1346 1393 1343
(16) R2 0.30 0.45 0.24 0.37

Robust t statistics in parentheses.
a The sample here excludes the students who repeated in grades 1, 5 and 6 and the regression models used in this table are the following specifications respectively:

Models (1) and (3), unrestricted and unadjusted: DScorei=a+ dRETAINi+gScore_beforeretaini+ ei.
Models (2) and (4), unrestricted and adjusted: DScorei=a+ dRETAINi+gScore_beforeretaini +bXi+ ei,
where i is an index for the student, DScorei is the change of the second term score of Chinese language of student i between the first grade and the fifth grade, DScorei is the
change in the second term scores of Chinese language between grade 1 and grade 5, RETAINi is the treatment variable (which makes d the parameter of interest) and the
Score_beforeretaini is the second term score of Chinese language of student i for the first grade. Finally, the term Xi is a vector of covariates that are included to capture the
characteristics of the student, his/her parents and household.

* Significant at 10%.
** Significant at 5%.
*** Significant at 1%.

14 In this paper we define short-term effects as the grade of student that was
retained in the year immediately following his/her year of retention. In otherwords,
the short-term effect on students that were retained in grade 2 is seen by examining
how, ceteris paribus, scores change between grades 1 and 3. Likewise, the short-
term effect on students that were retained in grade 3 (or grade 4) is seen by
examining how scores change between grades 2 and 4 (or grades 3 and 5).
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language scores of children. Somewhat surprisingly, the signs on the
coefficients of the ‘‘did the child have a mentor’’ variable were
mostly negative (and statistically significant in some of the
regressions). While one might believe, ex ante, that mentoring
should help improve grades, it is possible that it is precisely the
students that have low (or falling) Chinese language scores that are
those thatneed (and receive)mentoring. Thesignsof the coefficients
on the student cadre variable (whichwas equal to one if the student
was at some point during his/her elementary years appointed to a
position of class leadership by the teachers) are positive, suggesting
perhaps that teachers tend to turn to better students inmaking their
assignments for class leadership.

Interestingly, the coefficients on variables such as number of
siblings, land holdings and the value of the house are insignificant
and the signs are unstable across the regressions models in Tables
4 and 5. While we cannot pinpoint the reason, it is possible that
these variables could bemeasuredwith error (whichwould tend to
force the coefficient towards zero). It is also possible that there is
multicollinearity that is affecting the precision of the estimates of
the coefficients of the right hand side variables.15 It is also, of
course, possible that the there are few true linkages in our sample
between these variables and Chinese language scores.

5.1. Results from alternative methods

The results of cross-sectional PSM analysis—regardless of the
method of matching—also reveal that grade retention has no
significant positive effect on the school performance of students.
When examining the effect of grade retention on school perfor-
mance for all the students who were ever retained in any grade
(that is, either grade 2 or grade 3 or grade 4) using Basic Matching
methods, there are no cases in which the coefficient on the
treatment variable (RETAIN) is significant (Table 7, column 1, rows
1a, 2a, 3a, 4a, and 5a). The results remain almost the same when
using Multi-dimensional Matching (column 1, rows 1b, 2b, 3b, 4b,
and 5b) except for the students that repeated grade 2. That is, in the
cases when the students repeated grade 3 or grade 4, the
coefficient on the treatment variable (RETAIN) is insignificant
and the in the case when the students repeated grade 2, the
coefficient on the treatment variable (RETAIN) is negative and
significant. Therefore, from the PSM analysis, we can reject the
hypothesis that grade retention improves school performance as
well.

Finally, the findings continue to remain largely consistent when
using differences-in-differences matching (DIDM—Table 7,
column 2). Regardless if we use Basic Matching (rows 1a, 2a, 3a,
4a, and 5a) or multi-dimensional matching (rows 1b, 2b, 3b, 4b,
and 5b), none of the coefficients of the treatment variables are
positive and significant. In fact, when using multi-dimensional
matching, in the case of those students that were retained in grade
2, the coefficients are negative and significant.

Hence, whether using DID, PSM or DIDM, there is no evidence
that grade retention in our sample of students has improved school
performance. This is true ifwe look at the effect in the short- or long-
run. In fact, there is some evidence that when students repeated
grade 2, retention appears to have a negative effect on school
performance. While we have no basis on which to determine the
exact mechanism that is causing the fall in scores, it is consistent
withanexplanation thatoftenappears in the international literature
that suggests that when students are retained the fall in their self-

Table 7
Propensity score matching and multi-dimensional matching estimators and the effect of grade retention on school performance of Chinese language of primary students in
rural Chinaa.

Treatment variable Propensity score matching Differences-in-differences matching

Average treatment effect
for the treated

t-value/z-valueb Average treatment
effect for the treated

t-value/z-valueb

(1) (2)

Panel A. Short-term effect of grade retention
RETAINED in grade 2
(1a) Basic matching !1.44 (0.73) !2.12 (1.22)
(1b) Multi-dimensional matching !4.52 (2.63)** !4.52 (2.63)**

RETAINED in grade 3
(2a) Basic matching !1.38 (0.66) !0.69 (0.28)
(2b) Multi-dimensional matching 0.71 (0.41) 3.66 (1.58)

RETAINED in grade 4
(3a) Basic matching 0.58 (0.24) 1.46 (0.69)
(3b) Multi-dimensional matching 1.64 (0.92) 2.08 (0.93)

Panel B. Long term effect of grade retention
RETAINED in grade 2
(4a) Basic matching !0.75 (0.45) !0.55 (0.28)
(4b) Multi-dimensional matching !3.20 (1.96)** !3.20 (1.97)**

RETAINED in grade 3
(5a) Basic matching !2.53 (1.07) !1.61 (0.65)
(5b) Multi-dimensional matching !1.04 (0.57) !1.04 (0.57)

a The method of nearest neighbor matching is used to get the basic matching results of propensity score matching and multi-dimension matching; and the covariates, Xi,
used in generating the propensity score estimates are the same as those in Table 4.

b t-values/z-values are reported in parentheses. t-values are calculated for the basic propensity score matching with the coefficients and standard errors which are
bootstrapped using 1000 replications, and z-values are reported for the multi-dimensional matching.

** Significant at 1% level.

15 It is possible that multicollinearity among the right hand variables is affecting
the precision of the estimates of the coefficients. In order to allay these fears, we
have used the collinearity diagnostic package in Stata (coldiag2) to examine the
condition number. The condition number of our right hand side set of variables (the
Xmatrix) is 63, which, according to Besley et al. (1980), means that there is not very
serious collinearity among the right hand side explanatory variables in the model
(the condition number is 63, which is less than 100, a cutoff point that economists
often believe is the dividing line between serious and not seriousmulticollinearity).
Even if there was multicollinearity, there is no evidence using variance
decomposition analysis that the collinearity involves the variables that have
shifted between the different models (e.g., the siblings variable or the cadre
variable). In fact, the largest variance component (of a single variable) that is
associated with the eigenvector that has the highest condition index is only 46%.
Therefore, there is no evidence that there is any serious collinearity that is affecting
our results.
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esteem, in fact, offsets any positive effect of allowing the student
another year to catch up (Kellam et al., 1975).

6. Summary and conclusions

In this paper we have tried to understand whether or not grade
retention helps or hurts school performance of the students that
were retained for a year of schooling during their elementary school
years. The issues have gained prominence since in recent years
retention rates—at least anecdotally—have begun to rise. Policy
makers—who at one time restricted retention rates to not exceed a
maximum level—should want to know how school performance of
children isbeingaffectedwhen local educators raise the frequencyof
grade retention. According to the international literature, it is
possible that grade retention can either benefit students (by giving
them time to mature and catch up) or hurt them (by harming self-
esteem and/or removing them from their original set of peers).

According to the results in this paper, we show—perhaps
somewhat surprisingly—that there is no positive effect of grade
retention on school performance of the students that were
retained. Whether in the short term (the year immediately after
a student was retained) or longer term (by grade 5), we can reject
the hypothesis that grade retention improves the scores of the
students that were retained. This result is true for students that
were retained in grade 2, grade 3 and grade 4. In fact, in the analysis
of some students that were retained (especially those that were
retained in grade 2) grade retention was shown to have a
statistically significant and negative effect on school performance.

Based on these results, it is possible to conclude that the
conscious or unconscious decision to relax the rule to limit
retention rates to a maximum level (which was originally made by
education officials to limit the use of scarce fiscal resources that
were allocated for public education) has actually had little benefit
for—and may have had negative effects on—the school perfor-
mance of the sample students. It is unclear why retentions rates
have risen in recent years. If, as some have suggested, the rise in
retention rates is due to some unintended incentive of funding
arrangements that allows local elementary schools to increase
revenues when student enrollments are higher—including the
participation of students that have been retained—there needs to
be investigation into ways to curb such actions.

There are also other, more far-reaching actions that these
results may be advocating. It is also possible that grade retention
would have a more positive effect on students if there were more
complementary educational services available—such as counsel-
ing, tutoring sessions or, at the very least, an effortmade by schools
to make grade retention a more positive thing—and try in some
way to reduce the stigma that could lead to falling self-esteem.We
understand that our current results are not rich enough to provide
evidence on which any of these further actions could be justified.
However, the paper does produce results that should lead to calls
for further research efforts that can be designed to better
understand the effect of grade retention on the school performance
of rural children.
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Appendix A

Description of the methodology used in this paper

A.1. Differences-in-differences estimation

The objective of this study is to examine the effects of the grade

retention on the student’s educational performance (Chinese

language scores). In order to evaluate the effects of grade retention,

conceptually we are making grade retention the treatment. In other

words, our sample students are divided into a treatment group (those

that were retained by the school and had to repeat a grade) and a

comparison group (those that never repeated a grade). More

specifically, the treatment group includes all the students who ever

repeated the second grade, third grade or fourth grade. The

comparison group includes all the students who were never retained,

but does not include any students who were retained in either the

first or fifth grade (which are dropped from the sample). With this

setup, we are interested in understanding the mean impact of

‘‘treatment on the treated,’’ which is the average impact of grade

retention among those treated (Smith and Todd, 2005):

TT ¼ E ðY1 ! Y0ÞjX;D ¼ 1ð Þ

¼ E Y1jX;D ¼ 1ð Þ ! E Y0jX;D ¼ 1ð Þ (A.1)

wherewedenote Y1 as the outcome (the Chinese language scores of

students—in our case) after the student was retained and Y0 as the

outcome if a student was not retained. In Eq. (A.1), our treatment is

denoted by D = 1 which stands for the students who were retained for

at least one grade and for whom Y1 is observed and D = 0 stands for

thosewhowerenot retainedforwhomY0 isobserved.Because inreality

we do not observe either the counterfactual mean, E Y0jX;D ¼ 1ð Þ, or
the mean outcome for the students had they not been retained in a

grade after they were retained, we need to employ a differences-in-

differences estimation approach (DID). Using the DID approach allows

us to compare the outcomesbefore andafter a student repeated a grade

with students not affected by the treatment (those who were not

retained).

In Eq. (A.1) let t and t0 denote time periods after and before the

change of grade retention. When doing so, the standard DID estimate

is given by:

DD ¼ EðYt jD ¼ 1Þ ! EðYt0 jD ¼ 1Þ½ &

! EðYt jD ¼ 0Þ ! EðYt0 jD ¼ 0Þ½ & (A.2)

The idea of using a DID estimator to estimate the effect of the

treatmenton the treated is that it allowsus tocorrect for thedifferences

before and after the treatment (that is for the scores before and after a

student was retained) by subtracting the simple difference for the

comparison group (not retained students). By comparing the before –

after change of treated groups with the before – after change of

comparison groups, any common trends, which will show up in the

outcomes (Chinese language scores) of the comparison groups as well

as the treated groups, will be differenced out (Smith, 2004).
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A.2. Alternative estimation strategies

It is important to remember that the statistical identification of the

causal effects using DID relies on the assumption that absent the

policy change (or grade retention in our case), the average change in

the Chinese language scores (Yt ! Yt0 ) would have been the same for

the treated and the comparison groups. Formally, this is called the

‘‘parallel trend’’ assumption, which can be expressed as:

EðY0;tjD ¼ 1Þ ! EðY0;t0 jD ¼ 1Þ ¼ EðY0;tjD ¼ 0Þ ! EðY0;t0 jD ¼ 0Þ
(A.3)

As might be expected, the effectiveness of DID depends on the

validity of this assumption. The reality of our question (understanding

the effect of grade retention on the scores of students) may mean that

even though we control for a large number of observable variables in

2002 in the adjusted and unrestricted versions of the DID estimates,

there could be other unobservable factors that may compromise the

parallel trend assumption. Because of the potential existence of other

differences between students retained and students not retained, we

also use propensity score matching (PSM), which is an approach that

does not require the parallel trend assumption. PSM allows the analyst

to match the treated and the comparisons when observable

characteristics of students, who were retained, and observable

characteristics of students, who were not retained, are continuous

(Rosenbaum and Rubin, 1985). With the right data, it is possible to

estimate the propensity scores of all students and compare the match

scores (or outcomes) of students who were retained and those who

were not retained that have similar propensity scores.16 In this way,

then, we can obtain the mean impact of the treatment on the treated

(Dehejia and Wahba, 2002; Smith and Todd, 2005):

EðY1 ! Y0jD ¼ 1Þ ¼ EðY1jD ¼ 1Þ ! EZjD¼1 EðY0j pðZÞ;D ¼ 0Þf g (A.4)

where pðZÞ'PrðD ¼ 1jZÞ is the propensity score. Matching is

based on the assumption that outcomes (Y0, which is a Chinese

language score of the student—in our case) are independent of

participation (grade retention) conditional on a set of observable

characteristics (Rosenbaum and Rubin, 1983). Because of this

assumption, we do not need to worry about unobservable heteroge-

neity. By matching students who were retained and students who

were not retained with similar values of, any differences in EðY0Þ
between the two groups are assumed to be differenced PrðD ¼ 1jZÞ
out when calculating the above equation. The assumption of

matching is that EðY0jZ;D ¼ 1Þ ¼ EðY0jZ;D ¼ 0Þ. The observable

covariates Z should include the characteristics that determine grade

retention. In our analyses,includes a number of Z variables including

student, parent and household characteristics. We also include

township fixed effects to control for unobservable factors at the

township level that may affect grade retention.

To implement PSM successfully, however, the nature of the

students whowere retained and the nature of the students who were

not retained must meet certain criteria. Importantly, the common

support of propensity scores for participating and non-participating

students should be fairly wide. Intuitively, wide common support

means that there must be a fairly large overlap in the propensity

scores between the treated and comparison groups. In our sample, the

common support is fairly wide.17 This means that we are able to

estimate the average treatment effect for the treated of a large portion

of the sample.18

To eliminate the bias due to time-invariant unobservable differ-

ences between retained students and non-retained students, we

extend the cross-sectional PSM approach to a longitudinal setting and

implement a differences-in-differences matching (DIDM) strategy.

With DIDM we can exploit the data on the retained students in the

grade before they repeated to construct the required counterfactual,

insteadof just using the data in a grade after they repeated (aswas used

in the traditional PSM analysis—which was describe above). The

advantage of DIDM is that the assumptions that justify DIDM

estimation are weaker than the assumptions necessary for DID or

the conventional PSM estimator. DIDM only requires that in the

absence of treatment, the average outcomes for treated and

comparisons would have followed parallel paths:

EðY0;tjPðZÞ;D ¼ 1Þ ! EðY0;t0 jPðZÞ;D ¼ 1Þ ¼ EðY0;tjPðZÞ;D

¼ 0Þ ! EðY0;t0 jPðZÞ;D ¼ 0Þ (A.7)

Assumptions embedded in Eq. (A.7) are weaker than the

assumptions necessary for DID. Intuitively, DIDM removes time

invariant unobservable differences between retained students and

non-retained students conditional on P(Z), a clear advantage over

cross-sectional PSM.19

Although the above matching methods can significantly

improve the reliability of matching estimators, producing results

that have been shown to be very close to those based on a

randomized design counsel that geographic mismatch between

matched observations should be avoided (Smith and Todd, 2005;

Abadie and Imbens, 2006). In our case when we use PSM, even if

we have added a set of township dummies when estimating the

16 We need to note, however, that a recent study found that the propensity score
matching method is sensitive to the covariates used to estimate the scores and that
combination of matching with DD was superior (Smith, 2004). We account for this
comment below.
17 The results are available upon request.

18 Once we determine that PSM is feasible, we next need to choose the method of
matching. In our analysis, we choose to use the nearest neighbor matching method
with replacement. Following Smith and Todd (2005), we match on the log odds-
ratio and standard errors are bootstrapped using 1000 replications. We also use a
balancing test that follows Dehejia and Wahba (1999, 2002) that is satisfied for all
covariates. The results of the balancing tests are available upon request.

While PSM is often used in program evaluations, it relies on a key underlying
assumption: outcomes are independent of grade retention conditional on a set of
observable characteristics. Formally, this assumption can be written as:

EðY0jPðZÞ;D ¼ 1Þ ¼ EðY0jPðZÞ;D ¼ 0Þ ðA:6Þ
In other words, there would be no need to worry about unobservable heterogeneity.
However, even though we control for unobservable differences at the township level
using fixed effects when estimating the propensity score, there may still be systematic
differences between the outcomes of retained students and not-retained students. The
systematic differences could arise, for example, because the student’s decision to
repeat his grade is based on some unmeasured household or personal characteristics.
Such differences could violate the identification conditions required for matching
(Smith and Todd, 2005).
19 Using outcomes from experimental data as a benchmark, Smith and Todd
(2004) found that DDM performed better than DD or PSM methods. In performing
DDM we match by using the log odds-ratios and the same nearest neighbor
matching methods with replacement that were used in our PSM approach (which
were described above). In addition, we also compute the ‘‘adjusted’’ version where
the control units are weighted by the number of times that they are matched to a
treated unit. The standard errors also are bootstrapped using 1000 replications.

Although the above matching methods can significantly improve the reliability
of matching estimators, producing results that have been shown to be very close to
those based on a randomized design (Smith and Todd, 2005; Abadie and Imbens,
2006), Smith and Todd (2005) counsel that geographic mismatch betweenmatched
observations should be avoided. In our case, when we use PSM, even if we have
added a set of township dummies when estimating the propensity scores, students
that are from different townships but have similar propensity scores may still be
matched as a pair of treatment and control observations. Abadie and Imbens (2006)
propose a method to eliminate bias caused by imprecise matching of covariates
between treatment and control observations using nearest neighbor matching.
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propensity scores, students that are from different townships, but

that have similar propensity scores, may still be matched as a pair

of treatment and control observations. Abadie and Imbens (2006)

propose a method to eliminate the bias caused by imprecise

matching of covariates between treatment and comparison

observations using nearest neighbor matching.20

In making specific choices about the methodology, our

approach is to minimize potential bias whenever possible. To

minimize geographic mismatch, we enforce exact matching by

township.21 To do this, each treatment observation is matched to

three comparison observations with replacement, which is few

enough to enable exact matching by township for nearly all

observations, but enough to reduce the asymptotic efficiency loss

significantly (Abadie and Imbens, 2006). This approach has been

shown to prevent the estimates from relying too heavily on just a few

control observations. In other words, because we are not sure what is

the best approach, apriori, we use all of the approaches and hope that

our results are the same—regardless of the exact approach adopted.

Table A1 Differences of the score of Chinese language (second term) between students that repeated a grade and those that did not repeat a grade.

Repeated grade (1) (2) (3) (4) (5)

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

(1) Grade 1 Not repeated (control) 72.53 72.11 70.12 69.26 69.36
(2) Repeated (treatment) 71.04 70.80 69.57 67.57 66.99
(3) Difference !1.49 !1.31 !0.55 !1.69 !2.37

(4) Grade 2 Not repeated (control) 73.12 72.70 70.68 69.74 69.78
(5) Repeated (treatment) 66.97 66.76 64.71 64.79 65.55
(6) Difference !6.15 !5.94 !5.97 !4.95 !4.23

(7) Grade 3 Not repeated (control) 73.57 73.04 70.88 69.87 70.00
(8) Repeated (treatment) 67.83 68.66 68.05 67.74 66.88
(9) Difference !5.74 !4.38 !2.83 !2.13 !3.12

(10) Grade 4 Not repeated (control) 74.02 73.40 71.19 70.12 70.12
(11) Repeated (treatment) 66.99 67.80 66.24 66.09 68.38
(12) Difference !7.03 !5.60 !4.95 !4.03 !1.74

(13) Grade 5 Not repeated (control) 74.27 73.56 71.32 70.33 70.22
(14) Repeated (treatment) 68.90 70.29 68.79 65.79 68.03
(15) Difference !5.37 !3.27 !2.53 !4.54 !2.19

Table A2 Difference of the score of math (second term) between students that repeated a grade and those that did not repeat a grade.

Repeated grade (1) (2) (3) (4) (5)

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

(1) Grade 1 Not repeated (control) 73.39 72.86 70.08 69.00 72.62
(2) Repeated (treatment) 73.51 72.29 68.30 68.19 71.02
(3) Difference 0.12 !0.57 !1.78 !0.81 !1.60

(4) Grade 2 Not repeated (control) 74.01 72.58 70.60 69.51 73.14
(5) Repeated (treatment) 67.72 66.31 65.52 64.50 68.05
(6) Difference !6.29 !6.27 !5.08 !5.01 !5.09

(7) Grade 3 Not repeated (control) 74.43 74.01 71.05 69.54 73.23
(8) Repeated (treatment) 68.40 68.14 65.07 68.64 71.36
(9) Difference !6.03 !5.87 !5.98 !0.90 !1.87

(10) Grade 4 Not repeated (control) 74.74 74.38 71.30 69.83 73.40
(11) Repeated (treatment) 69.91 68.72 67.32 65.50 70.77
(12) Difference !4.83 !5.66 !3.98 !4.33 !2.63

(13) Grade 5 Not repeated (control) 74.93 74.49 71.50 70.01 73.40
(14) Repeated (treatment) 71.43 72.48 67.34 66.09 73.34
(15) Difference !3.50 !2.01 !4.16 !3.92 !0.06

Table A3 DinD analysis for the effect of grade retention on school performance of matha.

Dependent variable: the change in the second term scores of math between grade 1 and grade 5

(1) (2) (3) (4)

Restricted and
unadjusted

Restricted
and adjusted

Unrestricted
and unadjusted

Unrestricted
and adjusted

(1) Grade RETENTION dummy, =1 if the student ever
repeated in grade 2, 3 or 4 and 0 otherwise

1.579 (1.39) 0.519 (0.43) !1.142 (1.18) !3.314 (3.44)***

(2) Score before retention !0.473 (14.42)*** !0.688 (18.21)***

(3) Gender dummy, =1 if the student is male and 0 otherwise 1.147 (1.42) 0.501 (0.78)
(4) The student’s age in 2002, year !0.603 (1.15) !1.441 (3.30)***

(5) Student cadre dummy, =1 if the student was a cadre in 2002 and 0 otherwise !1.442 (1.65)* 2.194 (3.02)***

(6) Mentor dummy, =1 if the student had a mentor in 2002 and 0 otherwise !2.578 (1.96)* !2.045 (2.09)**

(7) Sibling dummy, =1 if the student has no sibling in 2002 and 0 otherwise 0.858 (0.89) 0.946 (1.21)

20 They also developed a formula to estimate standard errors for matching with a
fixed number of nearest neighbors that are asymptotically consistent andwhich can
accommodate unobserved heterogeneity in the treatment effect. In this paper, we
use the nearest neighbor matching algorithm with bias adjustment developed by
Abadie and Imbens (2006).

21 This is accomplished by assigning an arbitrarily high weight to the exact
matching variable in defining the matching criteria.
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(Continued )

Dependent variable: the change in the second term scores of math between grade 1 and grade 5

(1) (2) (3) (4)

Restricted and
unadjusted

Restricted
and adjusted

Unrestricted
and unadjusted

Unrestricted
and adjusted

(8) Age of the father, year !0.018 (0.16) 0.001 (0.01)
(9) Education level of the father, years of schooling !0.222 (1.02) !0.059 (0.38)
(10) Education level of the mother, years of schooling 0.153 (0.88) 0.233 (1.70)*

(11) Household total land holding in 2002, mu 0.008 (0.08) 0.036 (0.46)
(12) Number of household members in 2002, person 0.339 (0.88) 0.493 (1.56)
(13) House value dummy, =1 if the value of the house is larger than

5000 yuan in 2002 and 0 otherwise
0.192 (0.21) !0.071 (0.10)

(14) Town dummy Yes Yes
(15) Observations 1398 1348 1398 1348
(16) R2 0.00 0.14 0.20 0.42

Robust t statistics in parentheses.
a The sample here excludes the students who repeated in grades 1, 5 and 6 and the regression models used in this table are the following specifications respectively:

Model (1), restricted and unadjusted: DScorei=a+ dRETAINi+ ei.
Model (2), restricted and adjusted: DScorei=a+ dRETAINi+bXi+ ei.
Model (3), unrestricted and unadjusted: DScorei=a+ dRETAINi+gScore_beforeretaini+ ei.
Model (4), unrestricted and adjusted: DScorei=a+ dRETAINi+gScore_beforeretaini +bXi+ ei,
where i is an index for the student, DScorei is the change of the second term score of math of student i between the first grade and the fifth grade, RETAINi is the treatment
variable (whichmakes d the parameter of interest) and the Score_beforeretaini is the second term score ofmath of the student for the first grade. Finally, the termXi is a vector
of covariates that are included to capture the characteristics of student i, his/her parents and household.

* Significant at 10%.
** Significant at 5%.
*** Significant at 1%.

Table A4 DinD analysis for the short-term effect of grade retention on school performance of matha.

Dependent variable: the change in the second term scores of math right before and after the student repeated

Grade 2 Grade 3 Grade 4

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

Unrestricted
and unadjusted

Unrestricted
and adjusted

Unrestricted
and unadjusted

Unrestricted
and adjusted

Unrestricted
and unadjusted

Unrestricted
and adjusted

(1) Grade RETENTION dummy =1 if the student
repeated in a certain grade and 0 otherwisee

!2.793 (2.20)** !1.851 (1.42) 0.322 (0.22) 0.945 (0.73) !0.161 (0.10) !0.776 (0.53)

(2) Score before retentionb !0.481 (16.13)*** !0.601 (13.51)*** !0.603 (22.28)*** !0.650 (20.36)*** !0.388 (9.18)*** !0.595 (12.35)***

(3) Gender dummy =1 if the student is male
and 0 otherwise

0.071 (0.11) !0.504 (0.84) 0.376 (0.59)

(4) The student’s age in 2002, year !1.721 (4.55)*** !1.332 (3.37)*** !1.685 (3.90)***

(5) Student cadre dummy, =1 if the student
was a cadre in 2002 and 0 otherwise

2.737 (3.55)*** 1.743 (2.89)*** 2.178 (2.91)***

(6) Mentor dummy, =1 if the student had a
mentor in 2002 and 0 otherwise

0.046 (0.04) !0.727 (0.77) !1.813 (1.84)*

(7) Sibling dummy, =1 if the student has no
sibling in 2002 and 0 otherwise

!0.090 (0.11) !0.503 (0.68) 0.896 (1.14)

(8) Age of the father, year 0.057 (0.75) 0.100 (1.29) !0.028 (0.30)
(9) Education level of the father, years of

schooling
0.322 (1.96)* !0.071 (0.51) !0.138 (0.86)

(10) Education level of the mother, years of
schooling

0.077 (0.57) 0.249 (1.76)* 0.230 (1.59)

(11) Household total land holding in 2002, mu !0.101 (1.39) !0.020 (0.25) 0.079 (1.02)
(12) Number of household members in

2002, person
0.229 (0.76) 0.169 (0.57) 0.410 (1.36)

(13) House value dummy, =1 if the value of
the house is larger than 5000 yuan in
2002 and 0 otherwise

0.364 (0.53) 0.351 (0.53) !0.088 (0.13)

(14) Town dummy Yes Yes Yes
(15) Observations 1398 1348 1391 1341 1397 1347
(16) R2 0.26 0.40 0.35 0.48 0.15 0.36

Robust t statistics in parentheses.
a The sample here excludes the students who repeated in grades 1, 5 and 6 and the regression models used in this table are the following specifications respectively:

Models (1) and (3), unrestricted and unadjusted: DScorei = a + dRETAINi + gScore_beforeretaini + ei.
Models (2) and (4), unrestricted and adjusted: DScorei = a + dRETAINi + gScore_beforeretaini + bXi + ei,
where i is an index for the student, DScorei is the change of the second term score of math of student i between the grade right after the student was retained and the grade
right before the studentwas retained. That is, for grade 2 in columns (1) and (2),DScorei is the change in the second term scores ofmath between grade 1 and grade 3; for grade
3 in columns (3) and (4),DScorei is the change in the second term scores of math between grade 2 and grade 4; for grade 4 in columns (5) and (6),DScorei is the change in the
second term scores of math between grade 3 and grade 5. RETAINi is the treatment variable (whichmakes d the parameter of interest) and the Score_beforeretaini is the second
term score math of student i for the grade of the year before the student was retained. Finally, the term Xi is a vector of covariates that are included to capture the
characteristics of student i, his/her parents and the household.

b The score before retention is the second term score ofmath in the year right before the student repeated, that is, the second term score of math in 2002 formodels (1) and
(2), the second term score of math in 2003 for models (3) and (4)and the second term score of math in 2004 for the in the models (5) and (6).

* Significant at 10%.
** Significant at 5%.
*** Significant at 1%.
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Table A5 DinD analysis for the long-term effect of grade retention on school performance of matha.

Dependent variable: the change in the second term scores of math between grade 1 and grade 5

Grade 2 Grade 3

(1) (2) (3) (4)

Unrestricted
and unadjusted

Unrestricted
and adjusted

Unrestricted
and unadjusted

Unrestricted
and adjusted

(1) Grade RETENTION dummy, =1 if the student repeated in
a certain grade and 0 otherwise

!3.588 (2.42)** !4.503 (3.19)*** 0.940 (0.58) !2.198 (1.51)

(2) Score before retention !0.476 (14.45)*** !0.681 (18.54)*** !0.455 (10.63)*** !0.670 (15.38)***

(3) Gender dummy, =1 if the student is male and 0 otherwise 0.592 (0.92) 0.181 (0.28)
(4) The student’s age in 2002, year !1.687 (4.20)*** !1.746 (4.00)***

(5) Student cadre dummy, =1 if the student was a
cadre in 2002 and 0 otherwise

2.317 (3.22)*** 2.380 (3.19)***

(6) Mentor dummy, =1 if the student had a mentor
in 2002 and 0 otherwise

!2.041 (2.09)** !2.097 (2.11)**

(7) Sibling dummy, =1 if the student has no sibling
in 2002 and 0 otherwise

0.845 (1.08) 0.623 (0.80)

(8) Age of the father, year !0.004 (0.04) !0.012 (0.13)
(9) Education level of the father, years of schooling !0.055 (0.36) !0.057 (0.34)
(10) Education level of the mother, years of schooling 0.246 (1.82)* 0.280 (1.90)*

(11) Household total land holding in 2002, mu 0.033 (0.43) 0.055 (0.68)
(12) Number of household members in 2002, person 0.478 (1.51) 0.482 (1.54)
(13) House value dummy, =1 if the value of the house

is larger than 5000 yuan in 2002 and 0 otherwise
!0.091 (0.13) 0.086 (0.12)

(14) Town dummy Yes Yes
(15) Observations 1398 1348 1393 1343
(16) R2 0.21 0.42 0.19 0.41

Robust t statistics in parentheses.
a The sample here excludes the students who repeated in grades 1, 5 and 6 and the regression models used in this table are the following specifications respectively:

Models (1) and (3), unrestricted and unadjusted: DScorei = a + dRETAINi + gScore_beforeretaini + ei.
Models (2) and (4), unrestricted and adjusted: DScorei = a + dRETAINi + gScore_beforeretaini + bXi + ei,
where i is an index for the student,DScorei is the change of the second term score of math of student i between the first grade and the fifth grade,DScorei is the change in the
second term scores ofmath between grade 1 and grade 5, RETAINi is the treatment variable (whichmakes d the parameter of interest) and the Score_beforeretaini is the second
term score of math of student i for the first grade. Finally, the term Xi is a vector of covariates that are included to capture the characteristics of student i, his/her parents and
household.

* Significant at 10%.
** Significant at 5%.
*** Significant at 1%.

Table A6 Propensity sore matching andmulti-dimensional matching estimators and the effect of grade retention on school performance of math of primary students in rural
Chinaa.

Treatment variable Propensity score matching Differences-in-differences matching

Average treatment effect
for the treated

t-value/z-valueb Average treatment effect
for the treated

t-value/z-valueb

(1) (2)

Panel A. Short-term effect of grade retention
RETAINED in grade 2
(1a) Basic matching !0.20 (0.09) 0.15 (0.07)
(1b) Multi-dimensional matching !4.44 (3.01)*** !4.44 (3.01)***

RETAINED in grade 3
(2a) Basic matching 3.16 (1.47) 3.85 (1.31)
(2b) Multi-dimensional matching 0.85 (0.43) 1.30 (0.52)

RETAINED in grade 4
(3a) Basic matching 0.06 (0.02) 0.65 (0.23)
(3b) Multi-dimensional matching !3.71 (1.73)* !5.24 (2.19)***

Panel B. Long term effect of grade retention
RETAINED in grade 2
(4a) Basic matching !1.80 (0.82) !3.22 (1.67)
(4b) Multi-dimensional matching !3.96 (1.99)*** !3.96 (1.99)***

RETAINED in grade 3
(5a) Basic matching !2.74 (1.13) 0.33 (0.14)
(5b) Multi-dimensional matching !2.44 (1.17) !2.44 (1.17)

a The method of nearest neighbor matching is used to get the basic matching results of propensity score matching and multi-dimension matching; and the covariates, Xi,
used in generating the propensity score estimates are the same as those in Table 4.

b t-values/z-values are reported in parentheses. t-values are calculated for the basic propensity score matching with the coefficients and standard errors which are
bootstrapped using 1000 replications, and z-values are reported for the multi-dimensional matching.

* Significant at 10%.
** Significant at 5%.
*** Significant at 1%.
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