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This paper estimates peer effects on student achievement using a panel data set from a middle
school in China. Unique features of the organization of Chinese middle schools (Grades 7 to 9)
and panel data allow us to overcome difficulties that have hindered the separation of peer effects
from omitted individual factors due to self-selection and from common teacher effects and to
identify peer effects at the classroom level. We estimate peer effects for Math, English, and
Chinese test scores separately. In a linear-in-means model controlling for both individual and
teacher-by-test fixed effects, peers are found to have a positive and significant effect on math
test scores, a positive but insignificant effect on Chinese test scores, but no effect on English test
scores. Importantly, in Math and Chinese students at the middle of the ability distribution tend
to benefit from better peers, whereas students at the ends of the ability distribution do not, sug-
gesting that policy makers who want to exploit positive peer effects face difficult tradeoffs in
classroom and school assignment.
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1. Introduction

Understanding the influence of peers is important for improving the design of socioeconomic policies. In education particular-
ly, the existence and structure of peer effects may have substantial implications for policies regarding ability tracking, classroom
organization, and school choice, to name just a few. This may be of particular importance for developing countries, where the lim-
ited financial resources call for more efficient allocation of educational inputs—with students' own ability and effort being among
the most important of these inputs.

This paper estimates the influences of classroom peers on students' academic achievement in the context of a Chinese middle
school (Grades 7 to 9), where several unique features of class organization and panel data allow us to overcome difficulties that
have hindered the separation of peer effects from omitted individual factors due to self-selection and from common teacher ef-
fects and to identify peer effects at the classroom level. The unique ways classes and teaching are organized are as follows. First,
students are assigned to a class at entry into middle school (Grade 7) according to a “balanced assignment” rule, such that the
average initial quality of students is comparable across classes. Second, there is no re-assignment afterwards, and hence students
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stay with the same classmates for all subjects and for all grades in middle school. Third, each teacher of Math, English, and Chinese
teaches two classes and stays with the same two classes from Grade 7 to Grade 9. These characteristics combined with panel data
allow us to use individual fixed effects to capture all time-invariant student, family, and classroom characteristics and teacher-by-
test fixed effects to capture time-varying common teacher effects. Because individual fixed effects pick up both the individual
fixed characteristics and the fixed aspects of their environment, including their peers' fixed characteristics such as ability, the var-
iation that remains is due to transient changes over time in peer characteristics and behavior.

Empirical studies of peer effects face three challenges: proper definition of a peer group, omitted variable bias due to self-
selection into a group and common teacher effects that affect all members of a group (correlated effects), and the reflection prob-
lem (Manski, 1993). Careful identification of peer effects requires detailed data that can address these identification problems. We
address the reflection problem, i.e., that student and peer achievements are determined simultaneously, through the use of lagged
peer achievement. Specifications based on lagged peer achievement eliminate the problem of simultaneous equations. The coef-
ficient estimate on the lagged peer achievement reflects a combination of contextual (peer characteristics) and endogenous (peer
behavior) peer effects as defined by Manski (1993).2

We estimate peer effects for Math, English, and Chinese test scores separately. In a linear-in-means model controlling for both
individual and teacher-by-test fixed effects, we find that peers have a positive and significant effect on math test scores, a positive
but insignificant effect on Chinese test scores, and no effect on English test scores. When peer effects are allowed to vary by in-
dividuals' ability, we find that students in the middle quintiles of the ability distribution tend to benefit from better peers in
Math and Chinese, while students at both ends do not; and that the lack of average peer effect in English is largely due to the neg-
ative and significant influence of peers on students in the bottom quintile. The fact that peer influence varies with students' own
ability suggests that alternative classroom assignment rules may benefit some students at the cost of others. Because the esti-
mates are identified from transient changes in peer achievement, we conjecture that one major mechanism of the effects of
peers is the pressure felt by students in China's highly competitive school environment.

Most of the existing literature on school peer effects considers schools in the United States.3 These studies focus on peer in-
teractions either at the classroom level (Burke & Sass, 2011; Cooley, 2010; Hoxby & Weingarth, 2005) or, due to data limitations,
at the grade level (Hanushek, Kain, Markman, & Rivkin, 2003; Hoxby, 2000). Since students tend to interact more with other stu-
dents in the same class than with students in the same grade, research based on the former tends to find larger peer effects than
the latter. One common strategy to deal with the concern that measures of peer achievement may be proxies for omitted or mis-
measured student, family, teacher and school characteristics that affect individual achievement is a fixed effect model— using in-
dividual fixed effects to address omitted variable bias due to self-selection into a school or a classroom and using teacher or grade
fixed effects to address common teacher influences. However, fixed effect models of this type do not adequately address the omit-
ted variable problems in the U.S. school context. First, using individual fixed effects to address the self-selection problem assumes
that selection is based on pre-determined achievement and other fixed characteristics. In U.S. schools grade and class composi-
tions change every year due to school transfer and class reassignment,4 and student self-selection occurs multiple times, with
each selection potentially based on time-varying individual or family characteristics. Second, using fixed effects to address com-
mon teacher influences assumes that teacher effects do not change over time. Studies of U.S. schools usually use longitudinal data
where multiple cohorts are taught by the same teacher in different calendar years. Peer effects estimated in these models will still
be contaminated by time-varying teacher influences.5

The literature on peer effects in developed countries can help to inform the study of peer effects in less developed countries.
However, cultural and institutional differences are likely to impact the importance of peer effects. Students in developing coun-
tries may react very differently to the performance of their peers than students in the United States. This is particularly likely to be
true in China where relative performance is discussed openly and where there is significant social and familial pressure to be a top
student. In addition, peer effects may operate differently due to the significantly larger class sizes common in Chinese middle
schools. Class sizes typically are between 50 and 60.

This paper adds to a growing literature on the theoretical and empirical analysis of peer effects on student performance in a devel-
oping country context, for example, Glewwe (1997) of the Philippines, McEwan (2003) of Chile, Selod and Zenou (2003) of South Af-
rica, Kang (2007) of South Korea, Duflo, Dupas, and Kremer (2011) of Kenya, and Ding and Lehrer (2007) and Lai (2008) of China.6 In
particular, Ding and Lehrer (2007) estimate grade-level peer effects among high school students (Grades 10–12) using data from a
county in Jiangsu Province and find positive peer effects with the middle students benefiting the most from having high-quality
peers. Lai (2008) finds positive classroom peer effects using panel data from middle schools of a Beijing school district; the drawback

2 Contextual effects are also referred to as exogenous effects.
3 Zimmer and Toma (2000) and Ammermueller and Pischke (2009) study primary schools in various European countries and Canada. They argue that class-

rooms are formed roughly randomly; the latter also shows the importance of correcting measurement errors.
4 For example, according to Hanushek et al. (2003), in Texas public schools, annual mobility of students into or out of schools averages greater than 20% per

year.
5 There are also studies focusing on peer effects in college. Sacerdote (2001) and Zimmerman (2003) consider peer effects among students living in the same

dorm in Dartmouth College andWilliams College respectively, and they argue that the dorm assignment is random. More recently, Carrell, Gilchrist, Fullerton, and
West (2009) and De Giorgi, Pellizzari, and Redaelli (2010) make use of special organization features of the US Air Force Academy and Bocconi University of Italy
respectively to identify peer effects in better-defined peer groups. They find significant and larger effects of peers than Sacerdote and Zimmerman.

6 Zhang (2010) uses data from Chinese middle schools to study the estimation bias in a specific type of model where own and peers' past achievements are
included simultaneously. He shows that a positive correlation between measurement errors in own and peer achievement leads to a negative bias in the estimate
of peer coefficient.
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is that her data do not includematched teacher–classroom information. The similarity between their results and findings in the present
paper suggests that the policy implications discussed here may be applicable to middle schools in urban China in general.

Methodologically, our paper differs from the previous literature because we have multiple observations within a given peer
group over time; this is in sharp contrast to most data used in this literature that have one test score per year coupled with reas-
signment of classes each year. Our data allow us to better address both student self-selection and common teacher effects because
classroom composition and teacher assignment change less frequently. Previous estimates of peer effects have assumed that
teacher effects do not vary over time or with classroom composition; we relax this assumption by controlling for teacher effects
that vary over time and for any constant effects related to classroom composition. Stated differently, previous research has relied
on one observation of student achievement for each classroom and teacher assignment, we, on the other hand, have multiple ob-
servations of student achievement for each classroom and teacher assignment.

Section 2 describes the institutional background of the middle school that the data come from — the rule of the class assign-
ment and the organization of teaching. Although middle schools in China can differ much in selectivity, the school organization
described here is highly representative. Section 3 lays out the empirical strategy. We also provide summary statistics of the
data in this section. Section 4 describes the regression results including sensitivity analysis. Section 5 concludes.

2. Background of China's middle school and data

There are two periods in China's secondary education: middle school (Grades 7 to 9) and high school (Grades 10 to 12). This
research uses data from a middle school in the capital city of a North China province. The organization of teaching assignments
described below is quite typical of middle schools in urban China.7 Our main analysis uses a panel of test scores for all 923 stu-
dents who entered the sample middle school in the fall of 2003; they were assigned into 16 classes.

Starting in the early 1990s, middle schools in China were required to abandon ability tracking and to accept any students fin-
ishing elementary school in their districts. There are usually several middle schools and a number of elementary schools in each
district. Each elementary school is responsible for randomly assigning its students to the middle schools in the district. Since mid-
dle school education in China is compulsory, students attending their assigned schools do so free of charge. However, the practice
of school choice is widespread, even though it is openly disapproved of by the government. With school choice, students can by-
pass the standard school assignment process and enroll in a different and usually better public school by paying a hefty tuition.8

Thus, many high-quality middle schools are de facto hybrid public–private schools. Indeed, not all students willing to pay can en-
roll in the desired schools. These schools are usually over-subscribed, and they conduct their own admission tests. In general, only
students passing a threshold score are admitted. The middle school studied here has approximately one-third tuition paying stu-
dents and two-thirds public students, who are assigned to separate classes as described below.

At the beginning of middle school, diagnostic tests in Math and Chinese are administered to all students who have been ad-
mitted to the middle school, both public and self-pay. The total of these tests is used as the basis for class assignment. Students
are assigned to classes via a procedure that limits differences in average test score across classes and balances sex ratios across
classes. Because teachers' performance and hence bonuses and promotions are based on class performance, deviations from
this assignment procedure are rare.

When the school assigns students to classes, self-pay and public students are segregated, but the same assignment procedure
is used. Out of 16 classes, 5 (classes 3, 6, 11, 12, 13) are reserved for self-pay students. The self-pay classes are larger than the pub-
lic classes, perhaps due to school capacity and the tendency to have even number of classes. Students are separated into 4 cate-
gories for class assignment based on gender and self-pay or public status. Students are then ranked within each category based on
their diagnostic test scores. Within a category, students are assigned to balance average achievement across classes. The assign-
ment process can be split into rounds. The class assigned the best student in any given round will also be assigned the worst stu-
dent in that round. This ensures that the average rank for each class is the same after each round of assignment. To understand the
process it is easiest to consider a simplified case with only 3 classes.

1. Starting with the top 3 students, the 1st student is assigned to class one, the 2nd to class two, and the 3rd to class three. With
the next 3 students the order of class assignment is reversed: the 4th student is assigned to class three, the 5th to class two, and
the 6th to class one.

2. With the next 3 students, the order of class assignment starts with the second class and proceeds sequentially: the 7th student
is assigned to class two, the 8th to class three, and the 9th to class one. With the next 3 students the order is reversed: the 10th
student is assigned to class one, the 11th to class three, and the 12th to class two.

3. With the next 3 students, the order of class assignment starts with the third class and proceeds sequentially: the 13th student
is assigned to class three, the 14th to class one, and the 15th to class two. With the next 3 students the order is reversed: the
16th student is assigned to class two, the 17th to class one, and the 18th to class three.

4. Steps 1 through 3 repeat until all students are assigned

7 The city in question has an urban population of 2 million and covers an area of close to 7000 km2. It is divided into 6 districts, each of which covers a large
geographical area. Unlike the United States, most of the best schools are located in urban areas. During the sample period, urban public schools in general do not
admit children of migrant workers from the rural area.

8 The practice is considered by school administrators as necessary to supplement the meager government appropriation — teacher bonus and other benefits
come usually from this source. In the mean time, the practice is condemned by the media for perpetuating inequality. Lai (2008) discusses school choice in
Beijing.
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Appendix Table 1 illustrates the order of assignment for the case of the self-pay classes. The same procedure is used for the
public classes, but there are more classes and therefore more students assigned per round.

After this assignment process takes place, it is possible that a very small number of students request to switch classes. The
headmaster of the school reports that fewer than 5 students out of over 900 per year are allowed to do this. If this occurs, the
school will try to switch that student with an equivalent student (based on diagnostic test score and gender) in the desired
class. Finally, 4% of students do not have the diagnostic test score because they either are admitted after the tests or simply
have missed the tests. These students are allocated to classes in a final round with equal numbers of boys and girls allocated to
each class. Again a distinction is made between self-pay and public students.

Because we do not know the gender of students or whether the school changed the class number after assignment, we cannot
replicate the assignment process. Nevertheless, we confirm that classes are indeed formed to achieve comparable distribution
across classes. Within the self-pay and public categories respectively, Mann–Whitney tests confirm that the diagnostic test scores
are all statistically equal between every pair of classes; however, the self-pay classes are significantly different from the public
classes.9 Fig. 1 illustrates that diagnostic test scores within the categories of public classes and self pay classes are similar. It
also shows that self-pay classes have in general higher average diagnostic test scores and smaller variation than the public classes,
reflecting the fact that self-pay students have to pass the admission test to be accepted. In essence, the school practices some de-
gree of ability streaming (Glewwe, 1997) by separating self-pay and public students, but within each category, it mixes students
of different abilities.

Table 1
Summary statistics of lagged peer achievement.

Variable Obs Mean St.D. Min Max

Mean of peer Math score 3594 0.000 0.215 −0.505 0.437
St.D. of peer Math score 3594 0.967 0.131 0.596 1.307
Mean of peer English score 3593 0.000 0.161 −0.348 0.477
St.D. of peer English score 3593 0.974 0.158 0.456 1.362
Mean of peer Chinese score 3590 0.000 0.173 −0.498 0.453
St.D. of peer Chinese score 3590 0.977 0.119 0.650 1.277

9 These tables are available upon request.
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Fig. 1. Mean and standard deviation of diagnostic test score by class.
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One other middle school in the same school district is also able to admit tuition-paying students due to its good reputation; the
remaining half dozen schools are pure public schools. Other school districts in the city are similar in this respect. Thus, students in
hybrid schools have higher average ability than those in pure public schools. This hierarchical structure resembles the private–
public school difference discussed in Epple and Romano (1998).

A student remains in the same class with virtually the same classmates for all three years of middle school. Students cannot
transfer between classrooms; there are also very few transfers between schools — at most 3% of students in a class transfer in
or out of school in each year (Appendix Table 2). Each class has a unique head teacher, who is responsible for organizing sport
events and other activities. The head teacher usually stays with the same class for all three years. The head teacher also teaches
a subject. Subject teachers usually teach the same classes for the entire three-year period of middle school. Each teacher in Math,
Chinese, and English teaches two classes at the same time. Other teachers may teach more classes at the same time.

Four core subjects are taught in all three years of middle school: Math, Chinese, English, and Social Science. Physics is taught in
the 8th and 9th grades; chemistry in the 9th grade; history, geography and biology are taught in one or two years of the middle
school. Students are given a midterm and a final exam every semester on all subjects taught in that semester. Tests are written
collectively by all of the teachers for that subject and grade in the school; so tests are closely related to the materials taught in
lectures. All students take the same tests, and hence the test scores are perfectly comparable across students. A city-wide high
school entrance exam, which is closely related to the city-wide common curriculum, is given at the end of the 9th grade in
early July and tests all subjects but geography, and its total score determines a student's eligibility for various tiers of high school.
Working hard in middle school to secure a seat in a top-ranked high school is crucial for college admission— in some urban areas,
close to 100% of students from the best high schools are admitted to a college, whereas less than 10% from some lesser high
schools are admitted. Additionally, because academically successful students are well respected among students, friends, and rel-
atives, students treat all exams seriously. As a result, test scores on “low-stake” exams such as the final exams at the end of school
years, as well as test scores on the “high-stake” high school entrance exams, are equally good measures of what students can
achieve at different stages of middle school. The quality or reputation of a middle school is ultimately measured by the percentage
of its students eligible for admission into the top-ranked high schools in the city.

Our main analysis focuses on Math, Chinese, and English test scores because these subjects are taught in all three years and
allow the longest time series. For each subject we have test scores of 5 exams during middle school: midterm exams two months
into middle school, final exams at the end of Grade 7, final exams at the end of Grade 8, final exams of the autumn semester of
Grade 9, and the high school entrance exam. The data do not contain other student characteristics besides test scores. The student
test score data are matched with data about each teacher's class assignment. At school entry, all but one head teacher teaches
Math, Chinese or English; the remaining head teacher is a biology teacher who does not teach her class in the 9th grade. Over
the three years, only two head teachers are replaced (Class 5 in Grade 8 and Class 15 in Grade 9). The majority of the math,
Chinese, and English teachers teach the same two classes all three years, but there are a few changes: one in Math (Classes 15
and 16 in Grade 8), one in English (Class 8 in Grade 8), and four in Chinese (Classes 5 and 6 in Grade 8, Classes 11 and 12 in
Grade 8, Classes 9 and 10 in Grade 9, Class 15 in Grade 9).

From the above description, two unique features of the organization of the Chinese middle school stand out. First, students are
assigned to a class at entry of middle school (Grade 7) according to a “balanced assignment” rule and stay with their classmates
together for all subjects and for all grades in middle school. Second, virtually every teacher of Math, English, and Chinese teaches
two classes and stays with the same two classes from Grade 7 to Grade 9. These combined with the panel data allow us to deal
particularly well with the omitted variable bias in peer effect identification due to student self-selection into a class and common
teacher effects, which will be discussed in detail in the next section.

Table 2
Mean and standard deviation of lagged peer achievement by class.

Group Class Math English Chinese

Mean St.D. Mean St.D. Mean St.D.

1 1 −0.103 0.124 −0.165 0.046 0.051 0.083
2 −0.045 0.042 −0.162 0.027 −0.124 0.103

2 3 0.305 0.041 0.103 0.064 0.163 0.144
4 0.179 0.045 −0.273 0.051 −0.083 0.105

3 5 −0.169 0.131 0.095 0.048 0.069 0.092
6 0.296 0.079 0.298 0.140 0.079 0.068

4 7 −0.365 0.063 −0.009 0.078 −0.180 0.160
8 −0.374 0.070 −0.130 0.065 −0.173 0.113

5 9 0.069 0.040 0.054 0.049 0.105 0.166
10 −0.217 0.047 −0.031 0.037 −0.140 0.169

6 11 0.124 0.021 0.048 0.026 0.047 0.117
12 0.144 0.082 0.234 0.030 0.223 0.108

7 13 0.120 0.041 −0.068 0.062 0.061 0.073
14 0.046 0.025 −0.137 0.052 −0.090 0.217

8 15 −0.165 0.090 0.009 0.050 −0.118 0.065
16 0.007 0.063 0.048 0.098 0.035 0.108
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3. Empirical strategy

This research focuses on the reduced form relationship between a student's performance and measures of peer quality. We
first consider the linear-in-means model of peer effects described in Manski (1993) and Brock and Durlauf (2001); models of
other functional forms face similar identification issues. In this model, an individual i is a member of class j taught by teacher k
and is observed at time t. An individual's test score, Aijkt, is described by the following equation:

Aijkt ¼ αt þ β�A−i; jkt þ λkt þ δi þ εijkt : ð1Þ

Time specific fixed effects, capturing for example test characteristics, test conditions and school policy changes, are represented by
αt. The performance of a student's peers are expressed by the average score of the other students in class j, Ā− i, jkt, where−i indicates
that the average is calculated excluding individual i. The coefficient on peer performance, β, captures the peer effects. Teacher fixed
effects are captured by λkt and can vary over time. Finally individuals are assumed to have some constant unobservable characteristics
that are captured by individual fixed effects, δi. εijkt captures unobserved shocks that vary across time, class, and individual.

The unique features of the Chinese middle school and the panel data set allow us to deal with one of the most difficult issues in
peer effect identification: omitted variable bias. Because students at entry are assigned into a class according to a “balanced assign-
ment” rule based on a diagnostic test score with minimal deviations from the rule allowed, this process precludes students' self-
selection into a class based on measured diagnostic test score and implies that selection based on unmeasured factors is minimal.
Since students stay in the same class with virtually the same classmates for all three years, with the panel data, we havemultiple ob-
servationswithin a given peer group and are able to include individual fixed effects in Eq. (1) to capture all permanent characteristics
of the students and also any permanent characteristics of their class. An additional benefit of the individual fixed effects is that they
can capture the remaining, very small amount of self-selection based on unobservables after the initial assignment process. For exam-
ple, the few reassignments may be because these parents have information about certain teachers and have connections.10 In this
case, a measure of peer quality also captures the unobserved characteristics of parents, such as the attention they paid to children's
education or the resources they have to obtain information about teachers and to change their children's assignment. Because selec-
tion into classes is determined prior to the first exam, what matters for this selection are the initial parental characteristics. Including
individual fixed effectswill address the relevant omitted variable problem.Once individual fixed effects are included, all variables that
do not vary over time will be captured and will drop out of the model, as illustrated by the following equation:

δi ¼ xi þ μ ij þ ϕ⋅�xij: ð2Þ

This fixed effect will capture constant unobserved individual characteristics unrelated and related to selection, xi and μij re-
spectively, and constant peer characteristics �xij.

Second, similarity in outcomes of students in a class could be a result of common unobserved classroom inputs, most impor-
tantly, teacher quality. Common teacher effects complicate the peer effect estimation even in the absence of student self-selection
into a class, and disentangling teacher effects from peer effects is usually hampered by data limitations. In previous papers, either
teachers are not matched with students, or their effects are assumed to be constant both over time and across classes. In our data,
virtually every teacher of Math, English, and Chinese teaches two classes of the grade and stays with the same two classes for the
entire three years of middle school; therefore, for each teacher there are two separate peer groups. The panel data allow us to use
teacher-by-test fixed effects to separately identify peer effects, β, and the time-varying teacher effects, λjt, that are common to all
students in a class . We are able to relax the assumption of previous literature and only assume that time-varying teacher effects
are common across classes.11

By including individual and teacher-by-time fixed effects, any remaining variation in peer performance is attributed to tran-
sient changes. Our identification strategy thus measures whether small changes in peer achievement in the previous period affect
individual achievement. Controlling for selection and individual ability, if one's peers perform better in the previous period, how
does that affect individual achievement? There are three issues that require further explanation: first, what causes these transient
changes in achievement, second, can transient changes be used to identify peer effects, and third, what are the implications of
focusing on the effect of past peer performance.

First, transient changes in achievement could be the result of changes that occur outside of the classroom during middle
school, such as divorce, moving to a different neighborhood, or differences in the timing of puberty and growth spurts. Because
student seating is rearranged each semester by height with the shortest students in the front, students that undergo a growth
spurt will be moved to the back of the classroom. It is a common belief that, ceteris paribus, students in the front rows tend to
receive more attention from teachers and tend to be more attentive during class, and hence may do better academically. Students
at the front of the classroom may have a different impact on their peers, particularly if teachers focus more attention on these

10 Middle school principals also try to balance the quality of teachers of a class; for example, if a class has a particularly good Math teacher, its English teacher
may be a little weaker. This practice is largely due to the fact that the criterion to be admitted to a good high school is the total score of the high school entrance
exam on all subjects. A student with superb math skill but poor English will not be admitted. Parents' tend to select classes based on the quality of Math or English
teachers, and the quality of Chinese teachers is of less concern. The quality of Physics and Chemistry teachers is also important, but the two subjects are not taught
in Grade 7.
11 Our ability to separate teacher-by-test effects and peer effects requires the assumption that the time varying teacher effects on the two classes she teaches are
identical. Our identification allows teacher effects to vary across the two classes as long as the differences are constant over time.
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students. While in the long run height is determined by factors such as nutrition and genetics, the precise timing of growth spurs
of children during puberty tends to be random. The periodical change in seat assignment due to changes in height can be consid-
ered as random and thus may be an important source of transient changes in achievement.

Second, we consider whether transient changes are likely to influence peers. For example, consider what happens if an above
average peer undergoes a transient change that reduces their performance on exams, such as a growth spurt that moves them to
the back of the class. Because the student was above average, they are likely to be replaced in the front of the classroom with a
lower ability student. Students in the front of the classroom may be more likely to influence their peers because they may
be called on more often and can be seen by a larger proportion of students in the classroom. Regardless of the source of changes,
if the average understanding of the material presented in class declines, this is likely to influence the whole class. Ultimately, our
identification strategy rests on the assumption that transient changes in peer understanding, not just permanent characteristics,
are likely to influence individual achievement.

Third, we focus on the effect of past peer performance. The fixed effects model does not address the reflection problem
(Manski, 1993). This refers to the possible simultaneous determination of one student's achievement and classmates' achieve-
ment such that the average achievement of classmates is correlated with one's unobservables εijkt (Moffitt, 2001), leading to in-
consistent estimation of peer effects. We address the reflection problem through the use of lagged peer achievement, which
removes the mechanical simultaneity between individual and peer behavior. Given that learning is cumulative, achievement in
the past may directly influence achievement in the future. Intuitively, if one's peers fail to grasp the concepts of seventh grade
math, their understanding of eighth grade math may be limited, thus limiting the individual's test scores as well. Thus our use
of past achievement assumes that past peer achievement contributes to current individual achievement. This does not eliminate
the possibility that current peer achievement also makes a contribution, but we cannot test this in our data.

One concern is that the reflection problemmay remain even after using lagged values of peer behavior, because the individual
in question affected his peers in the previous period. Including fixed effects may help to lessen this concern, because it allows us
to control for the time invariant impact that classmates have on each other and the time-varying impact that a teacher has on all
her students. Fixed effects will not adequately address this problem when there are significant trends in individual performance;
in this case an individual's past performance is a good predictor of the performance in the next period.

To gauge the extent of this problemwe ran regressions for each individual that calculate individual trends. If formost people there
is no trend, this weakens the correlation between an individual's lagged achievement and their current achievement, which is the
main concern with regards to the reflection problem. The results suggest that between 10 and 20% of students have trends that are
significant at the 10% level. This is slightly more than would be expected if there are actually no trends, but does not reflect a large
proportion of our sample. Therefore we conclude that while there are some trends, they are unlikely to overwhelm our results.

It is important to state that by using the lagged peer achievement we do not try to distinguish between contextual and endog-
enous peer effects; rather, we interpret the estimated peer effects as a combination of the two. In fact, Manski (1993) shows that
it is not possible to separately identify these two effects. In the education context, the distinction between the two is less obvious
given the available peer attribute measures. For example, average peer achievement may capture peer innate ability, a character-
istic. But ability is naturally closely related to effort into school work, answering questions or disrupting learning in lectures, and
helping or distracting fellow students in out-of-classroom study. Thus, the effect of our measure of lagged peer achievement on
individual achievement can be interpreted as the effect of time varying peer behavior and characteristics.

Table 1 reports the summary statistics of lagged peer achievement, both average and standard deviation. Test scores on each
subject are normalized to have mean 0 and standard deviation 1 within each test. The standard deviations of average lagged peer
achievement are 0.161, 0.173, and 0.215 for English, Chinese and Math respectively; therefore, there appears to be sufficient var-
iation in peer achievement in the sample. Similarly, there is also reasonable variation in standard deviation of peer achievement.

Table 2 reports the means and standard deviations of peer achievement in Math, English, and Chinese for each class separately.
The group numbers indicate that classes 1 and 2 are taught by the same set of Math, English, and Chinese teachers, and so forth.
The Mann–Whitney test shows that there is generally a significant difference between the two classes within each group in both
the average and the standard deviation of peer achievement in all three subjects. These differences suggest that the two classes
taught by the same teacher are far from identical in peer achievement; therefore, each teacher does have two separate and dis-
tinct peer groups, and fixed effects will be effective in separating teacher influences and peer influences.

One complexity of peer effect estimation in the education context is that cumulative historical inputs affect current achieve-
ment. Historical inputs bias peer effect estimates only when they are correlated with lagged values of peer achievement. The
uniqueness of the data implies that the use of the fixed effects eliminates most of the historical input variables. First, students
are assigned to middle schools either via random assignment or by taking an admission test; thus, any historical inputs before
entering the middle school are uncorrelated with peer achievement. Second, because student transfer is rare and teachers stay
with the same classes for the entire middle school period, student and teacher-by-test fixed effects are likely to account for
most of the unmeasured student and teacher inputs that systematically enter the education production process. Any remaining
time-varying inputs are unlikely to be much correlated with the lagged peer achievement.

4. Effects of peers

We present the effects of peers for Math, English, and Chinese tests separately. We first focus on the linear-in-means
model; then we will allow peers to have different effects based on an individual's ability.
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4.1. Average peer effects

Table 3A presents the average peer effects for different subjects estimated from a linear-in-means model, where peer quality is
measured by the average of lagged peer achievement in each subject. 12 All the specifications include test fixed effects and report
robust standard errors clustered at class level. The first column is the baseline model without individual or teacher fixed effects.
There is a positive and significant relationship between average peer achievement and individual achievement for one's math test
score, a positive and marginally significant relationship for one's Chinese test score, but no effect for one's English test score. No-
tice that the standard deviations of the coefficient estimates are large. There are two reasons. First, the sample size is small— there
are only 16 peer groups. Second, each peer group is big — the class size ranges from 51 to 65. Therefore, the variances of the av-
erage of peer achievement are quite small, as seen in Table 1. Thus, one should be cautious in interpreting the results, especially in
concluding the lack of peer effects.

Column 2 adds individual fixed effects. Coefficient estimates on all the peer quality measures diminish. This is expected and
suggests that part of the relationship estimated in Column 1 is due to the unmeasured time-invariant individual, family or teacher
characteristics that are correlated with both peer quality and own achievement. Constant teacher influences are taken away be-
cause individual fixed effects consist of all constant factors for students over all three years including teachers that stay with them.
In particular, the magnitude of the effect of average peer achievement for Math drops significantly, but the effect is still significant
at the 5% level. There is no significant effect for peer's Chinese or English achievement.

Table 3
Average effects of peers on Math, English, Chinese, and total.

3A: all classes

1 2 3 4

Dependent variable: normalized Math score
Average of lagged peer Math score 0.41 0.259 0.4 0.515

[0.091]⁎⁎ [0.112]⁎ [0.177]⁎ [0.234]⁎

Dependent Variable: normalized English score
Average of lagged peer English score 0.041 −0.045 −0.029 0.031

[0.100] [0.107] [0.153] [0.245]
Dependent variable: normalized Chinese score

Average of lagged peer Chinese score 0.127 0.104 0.259 0.194
[0.074]+ [0.077] [0.225] [0.320]

Number of observations 3594 3594 3594 1708
Test FE Yes Yes Yes Yes
Individual FE No Yes Yes Yes
Subject teacher-by-test FE No No Yes Yes
Sample All All All Public students
Note: Robust standard errors clustered at classroom level in brackets. + significant at 10% level; ⁎ significant at 5% level; ⁎⁎ significant at 1% level. For total
score Group fixed effects are substituted for Subject Teacher fixed effects. Sample in Column 4 includes classes for which both classes in a group consist
of public students (Classes 1, 2, 7, 8, 9, 10, 15, and 16).

3B: classes without teacher changes

1 2 3

Dependent variable: normalized Math scorea

Average of lagged peer Math score 0.542 0.401 0.373⁎

[0.115]⁎⁎ [0.148]⁎⁎ [0.189]⁎

Dependent variable: normalized English scoreb

Average of lagged peer English score −0.098 −0.284 −0.258
[0.174] [0.217] [0.300]

Dependent variable: normalized Chinese scorec

Average of lagged peer Chinese score 0.124 0.097 0.079
[0.085] [0.088] [0.318]

Test FE Yes Yes Yes
Individual FE No Yes Yes
Subject teacher-by-test FE No No Yes

Note: Robust standard errors clustered at classroom level in brackets. +Significant at 10% level. ⁎Significant at 5% level. ⁎⁎Significant at 1% level.
a Classes 5, 6, 15 and 16 are dropped for the Math regressions; 2693 observations.
b Classes 5, 6, 7, 8, 15 and 16 are dropped for the English regressions; 2260 observations.
c Classes 5, 6, 9, 10, 11, 12, 15 and 16 are dropped for Chinese regressions; 1783 observations.

12 The lack of variation in the diagnostic test score across classes makes it impossible to use it as a measure of pre-interaction peer characteristics and to estimate
contextual peer effects at different points of the middle school period. Such regressions show very large standard errors for the peer effect estimates.
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The specification in Column 3 controls additionally for teacher-by-test fixed effects to remove the time-varying teacher effects.
This is our preferred specification. Average peer achievement in Math has a positive and significant (at 5% level) effect on one's
Math test score; a 0.10 standard deviation increase in average Math achievement of peers increases one's Math test score by
0.04 standard deviations.13 Peers' English achievement still does not influence own performance in English. For Chinese test
scores, while the estimate is still statistically insignificant, the magnitude is significantly larger. One possible explanation for
the differences across subjects may be the use of lagged peer achievement. If the learning of some subjects is more cumulative
than others we would expect to see differences across subjects. Alternatively, there could be differences in the peer pressure
across subjects. These mechanisms are investigated in more detail below.

Regressions in Columns 1–3 employ the entire sample, including both public students and self-pay students. Although the in-
dividual fixed effects capture the systematic differences between the two types of students, there still might be the concern that
the patterns of interaction among students and between students and teachers may vary over time in different manners for the
two types of students. As a robustness check, we estimate peer effects on the sample of 8 classes for which both classes in a group
consist of public students. The results for the model with all fixed effects are reported in Column 4 of Table 3A. Again, the peer
effects for math are positive and significant, and are insignificant for English and Chinese. The estimates are not statistically dif-
ferent from those of Column 3. For the remainder of the analysis, we do not distinguish between public and self-pay students.

Comparing Columns 2 and 3 of Table 3A, the coefficients on peer achievement increase after teacher-by-test fixed effects are
controlled for, and the increase is considerable for Math and Chinese. This increase, however, should not be interpreted to mean
that teachers have a negative effect on student achievement. With individual fixed effects, estimates in column 2 are already
purged of constant teacher effects. Nevertheless, in Column 2, coefficients on peer achievement still capture not only peer effects
but also time varying environmental factors such as time-varying teacher effects that affect all students in a class. Larger estimates
in Column 3 could suggest that teacher effects on student achievement vary around its mean, and on average the deviation is
negative.

Table 3B reports results from a robustness test. In this panel, we restrict our sample to classes that have the same teacher for all
3 years.14 Although most teachers stay with their classes over all three years, there are occasional reassignments of teachers.
These could be due to health condition such as maternity leave or to unsatisfactory performance. Teacher reassignment may affect
the estimates in Column 2 because it assumes that the same teacher stays with a class for all three years to remove constant
teacher effect. With Table 3B we address the possibility that new teachers may influence students' achievement in a different
way, which may contaminate the peer effect estimate in Column 2.15 In Table 3B, for Math the coefficient in Column 2 is much
larger than the corresponding estimate in Table 3A, while the coefficient in Column 3 is quite similar to that in Table 3A. Thus,
peer effects for math are robust to changes in teacher assignment. We still find no evidence of peer effects for English or Chinese.

As another robustness test, we perform the following thought experiment: assume that the effects we estimate have nothing
to do with interaction between classmates and are generated by mere sample variation (or measurement error or anything else).
We then construct placebo peer groups by randomly assigning half of the students to another class taught by the same teacher —
this allows us to continue to control for the common teacher effect. We expect to find no significant effect when the classes are
formed through this randomization. We focus on Math and Chinese. For both subjects, in our preferred specification (controlling
for both individual and teacher-by-test fixed effects), the coefficient estimates on lagged peer achievement are only half the size
of the estimates in Column 3 of Table 3A, and neither is significantly different from 0. This suggests that the relationship identified
in Table 3 indeed measures effects due to interactions between classmates, as opposed to measurement errors.

Our preferred specification controls for individual and teacher-by-test fixed effects; thus the peer effect is identified off of the
transient variation in peer achievement over time. One potential concern is that removing all between individual variation re-
duces the ratio of signal to noise by leaving too little actual variation in peer attributes. Table 4 reports variances of peer achieve-
ment (average and standard deviation) before and after removing the individual and teacher-by-test fixed effects. The ratio
between the original variance and the variances after removing all fixed effects ranges between 4% in average Math achievement
to 15% in the standard deviation of English achievement. For Math, the test with the smallest amount of remaining variance, this
means that a one standard deviation change in the transient component of peer achievement roughly equals 0.04 standard devi-
ations of the overall distribution of peer achievement. While small, this transient variation allows us to estimate the peer effect for
Math precisely. The robustness of the estimates over various specifications suggests that the Math test is likely to measure quite
accurately students' actual learning of the subject and refutes a simple measurement error explanation. For English and Chinese,
while the remaining variance is slightly larger than Math, the peer effect estimates are more noisy, suggesting that the English
and Chinese tests may not be a good measure of students' learning in these subjects. These results are consistent with the general
observations that Math skills are more objective and easier to measure in tests, whereas language skills are more subjective and
difficult to measure.

Overall, peers have a positive and significant effect on a student's math achievement, a positive but insignificant effect on
Chinese achievement, and no effect on English achievement. Because our estimates are identified from transient changes in

13 We discuss these effects in terms of a 0.1 standard deviation increase because a 1 standard deviation increase in peer average behavior is essentially
impossible.
14 Classes 5, 6, 15, and 16 are excluded for all subjects due to changes in head teacher assignments. For English classes 7 and 8 are also dropped due to a change
in the English teacher. For Chinese, classes 9, 10, 11, and 12 are also dropped due to a change in the Chinese teachers. For Math no additional classes are dropped.
15 The coefficient estimates on peer achievement in Column 3 are unlikely to be affected by the exclusion of classes with teacher changes because the teacher-by-test
fixed effects should capture any change in teacher assignment.
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peer achievement, we conjecture that there are plausibly twomajor channels of the effects of peers, and if they operate differently
for different subjects, we would expect to see differences in peer effect estimates across subjects. First, learning is cumulative so
that transient declines in peers' learning in the past can hinder instruction in the present as current instruction must compensate
for the past deficiencies. Second, students feel pressure to perform well relative to their peers and hence respond to prior out-
comes with their current effort choices. In the sample school, a teacher–parent meeting is held in each class after each final
exam. During the meeting, a spread sheet of test scores and ranks of all students (with student names) of the class is posted
on the wall of the classroom.16 Teachers also emphasize the importance of making good progress in every stage of school. The
pressure due to this public knowledge is enormous for both parents and students themselves, which could motivate some stu-
dents to work hard to improve their performance in the next test.

To distinguish between these two explanations, we estimate our preferred specification (Column 3 of Table 3) controlling in-
stead for twice-lagged peer achievement. Intuitively, if the peer effects result from the cumulative nature of learning, then twice-
lagged peer achievement should affect current achievement in a fashion similar to the once-lagged peer achievement. If peer
effects result from students responding to transitory changes in peer achievement and the resulting social pressure, any social
pressure resulting from transitory changes in a student's relative position two exams prior is not likely to persist after a “new”

ranking of peers is released with a new set of exam results. Thus social pressure from changes in peers' achievement two periods
prior may not influence current scores given that the change in peers' performance two periods prior was transitory.17

These results are presented in Table 5. For Math, the coefficient estimate on twice-lagged peer achievement (shown in column 1)
is 0.058 with a standard error of 0.141; the estimate is also significantly different from that on the once-lagged peer achievement in

16 Similar teacher–parent meetings are held in virtually all schools in China, so it is likely that the peer pressure is strong in this highly competitive school en-
vironment and society at large, and this may also underlie Lai's (2008) finding of positive peer effects in a panel regression with student fixed effects.
17 We thank an anonymous referee for this suggestion.

Table 5
Once- and twice-lagged peer achievement on Math, English, and Chinese.

Dependent variable

Normalized Math score Normalized English score Normalized Chinese score

Average of once-lagged peer Math score 0.445
[0.100]⁎⁎

Average of twice-lagged peer Math score 0.058 −0.079
[0.141] [0.200]

Average of once-lagged peer English score −0.395
[0.184]⁎

Average of twice-lagged peer English score 0.25 0.351
[0.057]⁎⁎ [0.113]⁎⁎

Average of once-lagged peer Chinese score 1.019
[0.254]⁎⁎

Average of twice-lagged peer Chinese score 0.206 0.67
[0.241] [0.443]

Constant 0.018 0.034 0.106 0.115 −0.13 −0.052
[0.035] [0.019] [0.004]⁎⁎ [0.009]⁎⁎ [0.067]+ [0.059]

Number of observations 2645 2645 2644 2644 2642 2640
Number of students 910 910 910 910 910 910
R-squared 0.02 0.02 0.02 0.02 0.05 0.06

Note: Robust standard errors clustered at classroom level in brackets.
+ Significant at 10% level.
⁎ Significant at 5% level.
⁎⁎ Significant at 1% level.

Table 4
Residual variance of lagged peer performance before and after removing individual and teacher fixed effects.

Variable Variance before removing
individual FE (1)

Variance after removing
individual FE (2)

Variance after removing
individual and teacher FE (3)

Ratio
(2)/(1)

Ratio
(3)/(1)

Average of lagged peer Math score 0.0464 0.0044 0.0018 0.09 0.04
St.D. of lagged peer Math score 0.0172 0.0042 0.0013 0.24 0.08
Average of lagged peer English score 0.0260 0.0038 0.0019 0.15 0.07
St.D. of lagged peer English score 0.0251 0.0081 0.0038 0.32 0.15
Average of lagged peer Chinese score 0.0299 0.0147 0.0023 0.49 0.08
St.D. of lagged peer Chinese score 0.0141 0.0084 0.0018 0.60 0.13
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Column 3 of Table 3A. We further estimate a specification including both once- and twice-lagged peer achievements, shown in col-
umn 2. The estimate on twice-lagged peer achievement is −0.079 with a standard error of 0.2, while that on the once-lagged peer
achievement is virtually identical to that in Table 3A. Both tests suggest that there is a strong “social pressure” explanation for the
peer effects in Math test. Once lagged peer achievement does influence student performance, but twice lagged peer achievement
does not. For Chinese, when twice-lagged peer achievement is included on its own, the estimate is 0.206 with standard error of
0.241 — it is not significantly different from zero, but also not significantly different from the estimate on the once-lagged peer
achievement in Column 3 of Table 3A. When once- and twice-lagged peer achievements are both controlled for, again, the estimate
on twice-lagged peer achievement is not significantly different from zero or from the estimate on the once-lagged peer achievement.
Given the imprecise nature of the estimates for Chinese tests, both here and in Table 3, we cannot make a definitive statement about
either the existence or the channel of peer effects in Chinese tests. For English test scores, the once- and twice-lagged effects cancel
each other out; the unusual pattern of these results, particularly in comparison to Table 3, suggests a more complicated mechanism
that we cannot identify with the data at hand.

Table 6 considers several different specifications as robustness tests. First, in Columns 1 through 3, following Hanushek et al.
(2003), we allow student test scores to be affected by the heterogeneity of peer achievement, measured by the standard deviation
of lagged peer achievement. While most of the literature on peer effects has focused on a linear-in-means model, it is possible that
not only average achievement but also the heterogeneity of the class affects individual achievement. This issue is particularly rel-
evant to the debate on tracking of students by ability. If students benefit from having a wide distribution of achievement levels,
this suggests that tracking is not desirable. If on the other hand students benefit from more homogeneous classrooms then track-
ing is desirable. However, we find that heterogeneity of peer achievement does not appear to affect one's test score in any subject.
Controlling for the standard deviation does not qualitatively change the coefficients on the average of peer achievement and the
coefficients on the standard deviation are never significant. We still find significant peer effects for math in all three specifications
and no significant peer effects for English. In our preferred specification, Column 3, we again find that a 0.10 standard deviation
increase in average Math achievement of peers increases one's Math test score by 0.037 standard deviations (this is 0.04 in the
specification without controlling for the standard deviation of peer achievement). One qualitatively different result when the
standard deviation of peer scores is included is that we now find a significant relationship between the peers' average achieve-
ment in Chinese in the specification that includes both individual and teacher-by-test fixed effects; here a 0.10 standard deviation
increase in average Chinese achievement of peers increases one's Chinese score by 0.042 standard deviations. Taken all together,
this suggests that the effects of heterogeneity in the classroom are an argument neither for nor against tracking.

In the last column of Table 6, we report results for a different dependent variable. The dependent variable for each subject is an
indicator variable equal to 1 if a student's test score is above the median score over all students taking the test in that subject and
equal to 0 otherwise. The reason to consider this indicator is that overall between one third and half of students in the sample

Table 6
Effects of the average and standard deviation of peer achievement on Math, English, Chinese, and total.

Dependent variable: 1 2 3 4a

Normalized score Normalized score Normalized score Above median

Math:
Average of lagged peer Math score 0.362 0.219 0.366 0.385

[0.102]⁎⁎ [0.120]+ [0.211]+ [0.160]⁎

St.D. of lagged peer Math score −0.132 −0.129 −0.071 0.406
[0.110] [0.112] [0.292] [0.207]⁎

English:
Average of lagged peer English score −0.008 −0.086 0.083 −0.204

[0.115] [0.121] [0.210] [0.155]
St.D. of lagged peer English score −0.073 −0.064 0.112 −0.225

[0.079] [0.080] [0.150] [0.101]⁎

Chinese:
Average of lagged peer Chinese score 0.171 0.147 0.416 0.412

[0.093]+ [0.097] [0.246]+ [0.169]⁎

St.D. of lagged peer Chinese score 0.119 0.117 0.282 0.3
[0.112] [0.115] [0.271] [0.160]+

Number of observations 3594 3594 3594 3594
Test FE Yes Yes Yes Yes
Individual FE No Yes Yes Yes
Subject teacher-by-test FE No No Yes Yes
Sample All All All All

Note: Robust standard errors clustered at classroom level in brackets.
a In Column 4, the dependent variable is an indicator variable equal to 1 if a student's test score is above the median score over all students taking the test in

each subject and equal to 0 otherwise.
+ Significant at 10% level.
⁎ Significant at 5% level.
⁎⁎ Significant at 1% level.
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middle school are able to do well enough in the high school entrance exam to be eligible for the top-tier high schools.18 Therefore,
an important signal of students' potential to both students and teachers is whether they can stay at or improve to the top half of
the test score distribution. We estimate peer effects in a linear probability model controlling for all fixed effects. Again, better
peers increase one's probability of being in the top half in Math and Chinese tests, but has no effect on English test. Additionally,
larger dispersion of peers' Math and Chinese test score increase one's probability of being in the top half in Math and Chinese
tests, whereas larger dispersion of peers' English test score decrease one's probability of being in the top half in English test.
The sharp contrast between peer influence in English and peer influence in Math and Chinese, both here and from Column 3, sug-
gests that there may be a critical difference in student interaction in learning a foreign language as opposed to learning other
subjects.19

4.2. Heterogeneity in peer effects

The results in Tables 3 and 5 reveal significant influence of peer average achievement on all students in Math, less in Chinese
and none in English. However, peers may affect some students more than others depending on students' own ability. In view of
the peer pressure discussed above, top students may not feel as much pressure as other students in the class. To examine this pos-
sibility, we interact average peer achievement with indicators for the student's position in the achievement distribution based on
test score in the first test in Grade 7.20

Table 7A reports peer effect estimates for students at different quintiles of initial performance distribution relative to their
classmates. We only consider the average of lagged peer achievement. All fixed effects are included. Average peer achievement
shows different patterns of influence for different subjects. For Math and Chinese, students at the middle quintiles generally ben-
efit significantly from having better peers, whereas students' test scores in the top (Quintile 5) and bottom quintiles are not sta-
tistically significantly affected by peer achievement. In both cases, the coefficients for the top quintile are statistically significantly
different from the coefficients for the middle quintiles (p-values for the joint test are 0.09 and 0.007 respectively). For Chinese,
the coefficient for the bottom quintile is also statistically significantly different from those for the middle quintiles (p-value for
the joint test is 0.007). For English, students in the bottom quintile of the distribution are significantly hurt by better peer achieve-
ment; students in the other quintiles largely benefit from better peers, but the estimates are not significant. The differences be-
tween the bottom quintile and the other quintiles are statistically significant (the p-value for the joint test is 0.001). The estimates
for English also appear to explain the lack of peer effect in English from Tables 3 and 5 — the average masks the heterogeneity of
peer influence on different types of students.

Table 8 shows the probability of falling in each quintile of the grade distribution conditional on the position in the class dis-
tribution of the initial achievement for public and self-pay students separately. The difference between the two types of students
shown in Table 8 combined with results in Table 7A suggests that an alternative class assignment rule mixing public and self-pay
students may benefit some students at the cost of others. Had classes been assigned pooling public and self-pay students, 25% of
public class students in the second lowest quintile of class distribution would fall in the lowest quintile in a new, “mixed” class,
whereas 20% of self-pay class students in the lowest quintile of class distribution would fall into the second quintile of a “mixed”
class. Similarly, 10% of the top quintile students in the public classes would fall into the second highest quintile in a “mixed” class,
while more than 30% of 4th quintile student in self-pay classes would fall into the top quintile in a “mixed” class. From Table 7A
we see that students moving from the top or bottom to the middle of the class distribution would start to benefit from high-
quality peers, whereas students moving the other way round would lose the benefit from high-quality peers.21

We also conduct an analysis similar to Table 7A, but estimate peer effects for students at different quintiles of initial distribu-
tion over the entire grade; the results are reported in Table 7B and are broadly similar to Table 7A. To the extent that the results in
Table 7B are valid for all middle schools in the school district, the above implication would also be true if students were assigned
to schools by a rule pooling pure public schools and public-private hybrid schools. Again, a more mixed school would benefit cer-
tain students at the cost of others.

One hypothesis is that a student is more likely to be influenced by peers whose achievement is closer to her own, or more spe-
cifically, peers in her own quintile, as opposed to all her classmates. Under this hypothesis, it would not be surprising to find that if
peer performance is measured by the average of the entire class then there are no significant peer effects for students in the top
and bottom quintiles, as found in Table 7. To illustrate this, consider the effect of peer performance on the best student in the class.
This student will get higher scores on the exam if the top quintile also does well, but will not be much affected by the performance
of peers in the third quintile. But the average of peer performance for the whole class is more likely to reflect the average of peer
performance in the third quintile than the average of peer performance in the top quintile.

18 This is based on conversation with the school principal. In 2006, the cutoff score for admission to a high-ranked high school is 550, and 36% of students in the
sample school scored higher than the cutoff score.
19 This result may be unique to schools that focus their foreign language education on reading and writing (as in most Chinese schools) as opposed to listening
and speaking.
20 For Math and Chinese, we also use the diagnostic test scores to measure a student's initial ability, and the results are very similar.
21 Duflo et al. (Forthcoming) examine the role of tracking for first graders in Kenya. While their results suggest that students at both the top and bottom benefit
from tracking, their findings may result from the very large heterogeneity in terms of age, school preparedness, and support at home. In more developed countries
or later grades, less heterogeneity may reduce the benefits of tracking.
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To test this hypothesis, we create peer achievement measures for classmates in each quintile of the grade-wise distribution in
each subject. We find first that achievement of peers in the entire class is significantly different from achievement of peers from
each quintile in a class, and the latter has considerably smaller variance than the former. Second, in a model where we examine
whether a student is differentially affected by classmates in her own achievement quintile and in other quintiles, the coefficient
estimates are all statistically insignificant, which may in part be due to the small variation in achievement of peers in each
quintile.

Table 7
Effects of peers on Math, English, Chinese, and total by quintile of first test performance.

7A: quintile over classmates

Math English Chinese

Average of lagged peer performance ⁎ Quintile 1 0.449 −0.746 0.185
[0.327] [0.323]⁎ [0.204]

Average of lagged peer performance ⁎ Quintile 2 0.693 0.233 0.515
[0.362]+ [0.336] [0.190]⁎

Average of lagged peer performance ⁎ Quintile 3 0.472 0.191 0.214
[0.149]⁎⁎ [0.138] [0.184]

Average of lagged peer performance ⁎ Quintile 4 0.397 −0.048 0.467
[0.155]⁎ [0.194] [0.162]⁎

Average of lagged peer performance ⁎ Quintile 5 0.073 0.201 −0.108
[0.138] [0.343] [0.249]

7B: quintile over entire grade

Math English Chinese

Average of lagged peer performance ⁎ Quintile 1 0.515 −0.82 0.231
[0.423] [0.221]⁎⁎ [0.188]

Average of lagged peer performance ⁎ Quintile 2 0.556 0.102 0.379
[0.285]+ [0.337] [0.212]+

Average of lagged peer performance ⁎ Quintile 3 0.401 0.136 0.268
[0.238] [0.250] [0.174]

Average of lagged peer performance ⁎ Quintile 4 0.439 0.091 0.303
[0.211]+ [0.219] [0.143]+

Average of lagged peer performance ⁎ Quintile 5 0.059 0.143 0.029
[0.140] [0.356] [0.324]

Robust standard errors clustered at classroom level in brackets. Test, individual, and teacher-by-test fixed effects are included. Sample includes all students.
Quintile 1 is the bottom of distribution; Quintile 5 is the top of distribution.
+ Significant at 10% level.
⁎ Significant at 5% level
⁎⁎ Significant at 1% level.

Table 8
Probability of first Math test performance in each grade quintile conditional on class quintile: public classes and self-pay classes.

Panel A: public classes

Class quintile Grade quintile

1 2 3 4 5

1 99.15 0.85 0 0 0
2 25.83 69.17 5 0 0
3 0 35.71 56.35 7.94 0
4 0 0 35.25 62.3 2.46
5 0 0 0 10.43 89.57
Total 24.5 21.5 20 16.33 17.67

Panel B: self-pay classes

Class quintile Grade quintile

1 2 3 4 5

1 78.33 21.67 0 0 0
2 0 50.77 49.23 0 0
3 0 0 57.75 42.25 0
4 0 0 8.77 57.89 33.33
5 0 0 0 5.26 94.74
Total 15.16 14.84 25.16 21.29 23.55
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Another way to approach this hypothesis would be to use the method proposed by Hoxby and Weingarth (2005). They pro-
pose to look at the effect of the proportion of students in each decile on individual performance, and to allow the effect to vary by
the individual student's own initial decile. We modify this test by using quintiles rather than deciles. In this case, we are testing
how students are affected by the makeup of their class not the performance of their peers in each quintile. We found no relation-
ship between the makeup of the class and student performance.

To sum up, the results do not provide support to the hypothesis that a student is more affected by peers in her own ability
quintile than those in other quintiles, and the results in Table 7 do indicate that students in the middle are more likely to be influ-
enced by peers.22

5. Conclusions

Estimates of peer effects in a school setting in the US and other developed countries abound, and they emphasize the
importance of peer effects in education. These findings however may not apply immediately to a developing country setting,
given the large differences in cultural and educational institution background between the two types of countries. In addition,
tighter budgetary constraints in the developing world make it important to carefully consider the allocation of all inputs to
education, including other students.

This paper estimates peer effects on student achievement using a panel data set from a middle school in China. The unique
organizational features of Chinese middle schools (Grades 7 to 9) and the panel data allow us to identify peer effects at the
classroom level and to deal with the omitted variable bias in estimating peer effects due to unobserved fixed characteristics of
the student or classroom and common teacher effects.

The two unique features employed in the analysis are: (1) Students are assigned to a class at entry of middle school (Grade 7)
according to a “balanced assignment” rule and stay with the same classmates for all subjects and for all grades in middle school.
(2) Each teacher of Math, English, and Chinese teaches two classes and stays with the same two classes from Grade 7 to Grade 9.
These combined with the panel data allow us to use student- and teacher-by-test fixed effects to capture unmeasured constant
student, class, and teacher characteristics and the time-varying common teacher effect.

Controlling for both sets of fixed effects, our preferred specification, we find positive and significant average peer effects in Math
and sometimes for Chinese, but no effect in English. We did not find evidence that the heterogeneity of peer achievement affects in-
dividual test scores. Our results indicate that peer effects differ across subjects. Given that we identify peer effects off of the transient
changes in lagged peer achievement, we conjecture that this difference comes from either the cumulative nature of learning or social
pressure to excel that differ across subjects. We show that in Math the effects of peers stem from the social pressure to dowell in the
subject, a likely influence of China's highly competitive school environment. The small sample size however does not allow us to de-
finitively test the possiblemechanisms for other subjects. Anotherway to explain our results is as follows: at the timeof assignment to
classrooms, classes are characterized by within class heterogeneity but similarity across classes. After students are exposed to their
classmates, the classes become more heterogeneous across classrooms, but more similar within classrooms.

Peer effects vary with one's position on the ability distribution based on the initial test score. InMath and Chinese, students in the
middle of initial achievement distribution benefit significantly from better peers, whereas students at the top and perhaps at the bot-
tom do not. In English, students at the bottom are hurt by better peers, while other students all benefit from better peers but with
different degrees of significance. The fact that students in the middle of a class distribution are more likely to benefit from high-
quality peers suggests that altering classroom composition to take advantage of peer effects may not comewithout costs. A plausible,
albeit speculative, extension of our results suggests that higher degree of ability mixing in school assignment may face the same
tradeoff.

Appendix A

Appendix Table 1 class assignment by student rank and round.

Note: Order of assignment for the case of the self-pay classes. Each number in the middle of the table is a class number. For
example, the number 2 in the first column and second row indicates that the top student in round 2 of the assignment is assigned
to class 2.

22 The results are robust to using student quartile or decile distribution.

Student rank in round

1 2 3 4 5 6 7 8 9 10

Round 1 1 2 3 4 5 5 4 3 2 1
Round 2 2 3 4 5 1 1 5 4 3 2
Round 3 3 4 5 1 2 2 1 5 4 3
Round 4 4 5 1 2 3 3 2 1 5 4
Round 5 5 1 2 3 4 4 3 2 1 5
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Appendix Table 2 class size and number of transfer students.
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Class Group 1. G7, Fall,
Midterm

2. G7, Spring,
Final

3. G8, Spring,
Final

4. G9, Fall, Final 5. G9, Spring, HS
Entrance exam

Initial class size In Out In Out In Out In Out

1 1 51 1 0 1 4 1 0 2 1
2 1 58 0 0 3 1 0 0 1 3
3 2 64 0 1 1 2 1 0 0 1
4 2 55 1 0 3 0 1 1 0 3
5 3 57 1 0 4 1 4 1 0 3
6 3 65 2 2 2 2 1 0 0 0
7 4 55 0 0 0 0 0 2 0 0
8 4 58 0 0 0 1 0 2 0 1
9 5 58 2 1 2 0 2 3 2 2
10 5 56 0 1 0 4 0 1 0 0
11 6 62 0 0 1 0 0 2 0 1
12 6 62 1 0 6 2 1 5 0 1
13 7 62 1 0 3 1 0 2 0 1
14 7 53 0 0 2 1 1 1 0 2
15 8 54 4 2 0 2 1 1 0 0
16 8 52 1 2 1 0 1 0 1 2
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