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ABSTRACT 
This study analyzes experimental data from a carefully designed seating arrangement in 
elementary schools in China to estimate the effects of a complete mixed-seating classroom and 
incentivized study help. We randomly set up two-thirds of classes as complete mixed-seating 
classrooms (MS) in which low- and high-ability are randomly paired as deskmates and sat 
together for 20 weeks. A tournament-type incentive based on the improved score of lower-track 
students is set among upper-track students in half of the MS classes (MSR). Being assigned in 
the MSR classes boosted lower-track students’ mathematics scores by 0.24 standard deviations 
and improved lower- and upper-track students’ extraversion and agreeableness by 5%–8%. The 
cognitive and non-cognitive performance of students in the MS classes showed minimal 
changes. The positive treatment effect can be attributed to the deskmate-level peer effects, 
which are associated with network structure changes: the incentivized complete mixed-seating 
classes promote social ties between deskmates and separate links among lower-track students. 
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1. Introduction 

This study presents new evidence on the efficacy of a complete mixed-seating (or negatively 

assortative matching) classroom with incentives for students by using experimental data obtained 

from elementary schools in China. The achievement gap in students or adults is significant and 

has caused severe social concerns (Dobbie and Fryer, 2011; Clotfelter, Ladd, and Vigdor, 2009; 

Young, 2013). Exploring the effectiveness of peer effects on student performance is promising 

because simply reorganizing peer groups can benefit low-performing students by draining fewer 

resources than many educational programs. Burke and Sass (2013) show that the effectiveness of 

learning from peers may depend on their relative ability. Moreover, peer effects are strong if peers 

are close to one another and have more interactions (Bobonis and Finan, 2009; Feld and Zölitz, 

2017). For these reasons, a mixed pairing of low and high achievers at the desk level may be an 

effective arrangement to enhance the performance of low achieving students. To improve the 

interaction between high- and low-achieving students, rewards can be provided for the former as 

an incentive to help the latter. Li, Han, Zhang, and Rozelle (2014) is the only study looking at this 

arrangement and finding a positive effect of the mixed pairing on the test score of low-achieving 

students. The current paper attempts to reassess the issue with an improved design owing to the 

importance of this new promising arrangement. Perhaps more importantly, we depart from Li et 

al. (2014) by carefully analyzing students’ non-cognitive skills and the mechanisms or channels 

through which a mixed seating arrangement may or may not be effective in improving students’ 

performance. 

The current study brings this idea into an experiment in elementary schools in China. We 

develop a complete mixed-seating environment with two distinct schemes. In the first scheme, 

low- and high-ability students are divided into two tracks according to the median score of a 

previous examination. Students in the lower and upper tracks are randomly paired as deskmates 

and sit together for 20 weeks (Mixed-seating [MS] treatment group). In the second scheme, half 

of the complete mixed-seating classes are randomly selected, and a tournament-type incentive is 

provided for the upper-track students. To motivate high-achieving students to help low-achieving 

students, upper-track students are rewarded with a monetary award and a praise certificate if their 
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deskmates’ improved score ranks to reach the top 10% among lower-track students in class in the 

mid-term or final examinations. We refer to these classes as “mixed-seating with reward (MSR).”1 

In the control classes, students’ seats are randomly assigned. We show that MSR intervention 

promotes lower-track students’ mathematics scores and upper- and lower-track students’ social 

skills. 

Although tracking is widely used in the United States, Europe, and China (Betts, 2011),2 an 

important concern on tracking is that gains by students in upper-track classes may be offset by 

losses of students in lower-track classes. We thus design a promising method to group students by 

pairing students with different abilities as deskmates to study whether students’ achievement can 

be affected by those who sit next to them. The fixed-seat system in China’s elementary schools, 

which requires students to sit beside the same deskmates throughout the semester, provides a good 

opportunity to explore this area with scant research (Li et al., 2014). We also provide incentives 

for high-ability students to help low-ability students in half of the complete mixed-seating classes.  

Our inspiration for experimental design of mixing high- and low-ability students within a 

classroom comes from Li et al. (2014). We improve their experimental design from two aspects. 

First, Li et al. (2014) uses a partial pairing of approximately 10 low-achieving students in the 

bottom quartile and 10 high-achieving students in the top quartile, and show that incentivized low-

achievers benefit from the paired high-achievers.3 We use a complete mixed-sitting setting. 

Second, Li et al. (2014) award the top three progressive low-ability students, along with their 

deskmates. In comparison, we remove the incentives of low-ability students, which is useful to 

discern the effect of peer-to-peer interaction because such an approach can avoid the money-

1 In this study, “complete mixed-seating,” and “negatively assortative matching” are used interchangeably. Both denote classes 
with intervention (i.e., MS and MSR classes). “Lower track,” “low performing,” and “low ability” are also used interchangeably. 
Similarly, “upper track,” “high performing,” and “high ability” are used interchangeably. 

2 Tracking groups students with similar abilities together. Students are usually sorted into different classrooms within a school 
(within-school tracking) in the United States and into different types of schools (across-school tracking) in Europe and China. For 
example, public secondary schools in the United States divide students into high, middle, and low ability tracks. In Germany, 
students’ achievements in the last four years of primary school determine the types of secondary school that students will be 
permitted to attend. In China, the scores of junior middle school graduates determine whether they can be admitted to elite or 
regular high schools. 

3 Li et al. (2014) design two treatments to study peer interaction. In the first treatment, the top three progressive low-ability 
students (i.e. low-ability students who achieve the greatest increase in scores between the baseline and endline tests) are rewarded. 
In the second treatment, the top three progressive low-ability students and their paired high-achieving deskmates are rewarded 
with an equivalent cash prize to study together. They design a partial paring process, in which 10 low-achieving students in the 
bottom quartile and 10 high-achieving students in the top quartile are paired as deskmates. Students in the two middle quartiles 
are not considered. 
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seeking motivation of low-ability students. In terms of empirical analysis, apart from assessing 

students’ academic performance, we also examine the non-cognitive ability that is becoming 

increasingly important for both scholars and educational practitioners (Kautz et al., 2014; Akee, 

Copeland, Costello, and Simeonova, 2018). Most importantly, we collect data on friend networks 

and analyze the mechanism of peer effects by looking into the network. Jackson (2008) 

conjectures that networks of relationships play central roles in human interaction, which generates 

peer effects. However, empirical analysis remains lacking.4 To complement the existing literature, 

we asked each student to name his/her friends in two rounds of surveys and identify the friends’ 

network structure in each class in a survey. By examining the network data, we provide evidence 

to better understand the deskmate-level peer effects through the network ties between deskmates. 

Our main empirical analyses and findings can be summarized as follows. First, after the 

treatment, students in the pure complete mixed-seating class without external incentives do not 

perform differently from those in the control class. However, when high-ability students are 

offered rewards as incentives to help their low-ability deskmates in the MSR classes, the 

mathematics scores of low-ability students improve by 0.24 standard deviations in the final 

examination. Results from a non-linear specification show that students whose initial mathematics 

scores are at the bottom or close to the median score distribution benefit most from the MSR 

intervention. We also find that high-ability students are nearly unaffected in the MS and MSR 

classes. 

Second, we estimate the effect of MS and MSR interventions on students’ non-cognitive skills, 

which are measured by the “Big Five” personality traits. We find that being assigned to the MSR 

classes improves lower- and upper-track students’ extraversion by 6% and 5%, respective, and 

agreeableness by 8% and 7%, respectively. Given that extraversion and agreeableness are related 

to social skills, these findings indicate that the MSR intervention leads students to be more 

sociable. The level of conscientiousness, which relates to “organized and hardworking,” is also 

promoted for lower-track students in the MSR classes, which is consistent with their score gain. 

Third, we find that peer effects at the deskmate level underlie the mechanism of our MSR 

4 A possible explanation is that collecting network information is costly and time-consuming. 
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treatment. Estimates from a linear-in-mean peer effect model show that being assigned with 

incentivized strong deskmates in the MSR classes increases the lower-track students’ test scores 

by 0.09 standard deviations. Lower- and upper-track students’ sociability increases by 0.11–0.23 

points when assigned with more sociable deskmates in the MSR classes. However, no peer effects 

are observed among students in the MS classes. These results imply that the rewards offered to 

upper-track students are important in generating peer effects.5 

Fourth and most importantly, we present evidence that the network structure of students 

changes in the MSR classes. By matching the name of the nominated friends for each individual 

and the name of his/her classmates, we construct one network for each class. We find that at the 

end of the 20-week experiment, the MSR treatment increases the likelihood of deskmates to 

nominate each other as friends by 8.4–9.6 percentage points. Moreover, MSR treatment induces 

lower-track students to select less low-ability friends, and they nominate more high-ability friends 

instead. In parallel, upper-track students in the MSR classes select more low-ability friends. 

Overall, these findings present a plausible mechanism of the deskmate-level peer effects: the 

incentivized complete mixed-seating arrangement promotes between-track friendship formation. 

As friends, low-ability students can interact more easily with high-ability deskmates. 

Finally, we present several tests to exclude the alternative explanations of the treatment effects 

as well as peer effects. (1) To prove that our treatment effects do not rely on teacher effort, we 

compare students’ assessments of their teachers and find them unchanged before and after the 

intervention. To exclude the possibility of teacher quality factors in the detected peer effects in 

the MSR classes, we compare peer effects in classes with high- and low-educated teachers. We 

find that teacher quality does not matter. (2) To further rule out alternative explanations of the 

treatment effects, we show that the gender composition within a desk is not related to the test 

score gain of low-ability students in the MSR classes. (3) We also exclude the possibility that our 

results are driven by deskmate’s collusion to cheat in the exam. 

5 We complement the literature on micro-level peer effects as evidence on peer effects at the deskmate level is limited. Lu and 
Anderson (2015) appear to be the only one study on the relation between gender composition of neighboring-seating students and 
students’ score. They randomly assign students’ seats for the entire class and find that being surrounded by five females rather 
than five males increases female students’ test scores. Different from Lu and Anderson’s (2015) work, we examine the complete 
mixed-seating classroom with and without incentivized high-ability students to explore the score change of students. 
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This paper contributes to a burgeoning literature that focuses attention on sorting students 

within a classroom (Burke and Sass, 2013; Booij, Leuven and Oosterbeek, 2017; Li et al., 2014). 

If relative ability matters for peer effects, a mixed classroom may be a promising way to engender 

peer benefits for low-ability students. Is mixed-seating classroom helpful in narrowing score gaps 

among students? How to prompt high-ability students to help low-ability students? Is one’s non-

cognitive skill affected by the characteristics of peers who sit next to him/her? These questions to 

date have no clear answers. Hence, by designing a complete mixed-seating classroom with and 

without incentivized high-ability students, this study sheds some light on these questions. This 

study will also be valuable to policymakers who are concerned about egalitarianism in education. 

In our second contribution, we provide empirical evidence on the shrouded mechanism behind 

the peer effects by exploring the student network. Although the literature suggests that the 

influence of friends on behavior can be substantial (Jackson, 2013), there are limited studies to 

associate peer effects with social relationships. Carrell et al. (2013) indicate that low-ability 

students are more likely to have low predicted GPA partners and friends, which can explain the 

negative peer effects on low-achievers. Zárate (2019) shows that being assigned to more 

sociable/high-achieving peers increases the number of sociable/high-achieving friends. The two 

studies emphasize network homophily. Two theoretical studies also focus on this issue. Calvó-

Armengol, Patacchini, and Zenou (2009) show that the link between network centrality and 

student outcome exists at the Nash equilibrium. Bramoullé, Djebbari, and Fortin (2009) discuss 

necessary, sufficient conditions for identification of the endogenous and exogenous peer effects 

under a network interaction. 6 7  Different from these studies, the present study searches for 

empirical evidence in an environment with exogenous interventions and focuses on the evolution 

of networks in a class. We show that the MSR intervention promotes friendship formation between 

deskmates with different abilities. Moreover, being assigned with incentivized high-ability 

deskmates helps separate the connection among low-ability students (homophily). 

6 Several studies investigate the effect of social relationships based on the quasi-randomness of network. For example, Fletcher 
and Ross (2018) find that an individual’s smoking and drinking behavior responds to the behavior of his/her friends. Lavy and 
Sand (2018) show that the number of friends has effects on students’ educational outcomes depending on the type of friends. 
However, these studies do not discuss the relation between the network and peer effects. 

7 The MSR intervention may stimulate the network ties between randomly assigned deskmates because it shortens the spatial 
distance between them. Deskmates can conveniently interact with and help each other. 
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The remainder of this paper is structured as follows. Section 2 introduces the background of 

primary school education in China and the county in which our experiment was implemented. 

Section 3 describes our experiment design. Section 4 presents the model specifications and the 

main results. Section 5 examines the possible mechanisms of the treatment effect and peer effects. 

Section 6 discusses several related issues. Section 7 presents robustness checks. Section 8 

compares our findings with the related literature, and the last section concludes the paper. 

2. Background 

China implements a nine-year compulsory education system based on the compulsory education 

law enforced in 1986. Any child who has reached six years old should enter primary school 

(Grades 1–6). In areas where conditions are unfavorable, the starting age of the child to receive 

primary education can be postponed to seven years old. Most teachers in primary schools are hired 

by the local government (at least in our surveyed county). All primary school graduates should 

enter nearby middle schools (Grades 7–9) without taking entrance exams. Therefore, students face 

weak competition in schools due to the absence of a selection process for primary school graduates. 

In this context, high-ability students would suffer no loss in offering help to their low-ability 

classmates; thus, low-ability students can easily seek help from high-achieving students in their 

class. After finishing their nine-year compulsory education, about one-third of graduates either 

enroll in vocational high schools or enter the labor market directly. Students who seek to continue 

high school (Grades 10–12) must pass an entrance exam to be accepted into the school. 

A school year in primary education is divided into two semesters. A semester comprises 19 

weeks with an additional week for exams. The curriculum of primary schools is designated by the 

Ministry of Education and is uniform across the entire nation. All students in primary schools use 

uniform textbooks. Chinese language and mathematics are the two major courses, which are 

usually taught five days a week.8 Students need to take end-of-term exams and earn scores at the 

end of each semester. Grades in other subjects, such as history, art, and music, are assigned by 

teachers without the need for examinations. In primary schools, student seats in one class are 

determined by the class head teacher. Typically, students’ seats are arranged according to height, 

8 In some locations, English is also a major subject. 
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that is, short students sit in front of tall students in a class. Class head teachers have the discretion 

to adjust student seats in special cases. For example, pupils who are short-sighted or have 

amplyacousia are assigned to sit in the front of the classroom. Students can neither decide where 

they want to sit nor select their deskmates. After the arrangement, the seats are fixed for a long 

time (usually one or more than a year), except for two columns rolling at the same time per week. 

A graph of a typical desk is shown in the Appendix (Figure A1).9 The rolling columns do not 

change a student’s deskmate because the two columns roll together. Students study on their 

assigned seats in the class, which provides us an opportunity to investigate the effect of their 

deskmates. 

Our experiment was implemented in four elementary schools in Longhui County, Hunan 

Province, China. Longhui is a relatively poor rural area. According to the National Bureau of 

Statistics of China, the county’s per capita GDP was 12,466 CNY (1,945 USD) in 2016, which 

was less than a quarter of the national level (53,980 CNY or 8,487 USD). However, the 

educational resource of the county is close to the national average. For example, according to the 

Longhui Statistical Yearbook 2015, the enrollment rate was universal (100%) for primary school 

and almost universal (99.2%) for middle school due to the nine-year compulsory education in 

China. About three-quarters of students (74.7%) proceeded to study in high school in Longhui. 

The student–fulltime teacher ratio is 17.2, indicating that an average of 17 students are instructed 

by one teacher, which is similar to the national level (17.05). In 2016, the average public 

expenditure per incumbent student in Longhui was 5,770 CNY (907 USD), which was higher than 

the average level in China (4,408 CNY, or 693 USD). For the college admission rate, 

approximately 12.5% of high school graduates enrolled in tier 1 universities, which is similar to 

the national average (12.9%). In summary, the education resource and teaching conditions of 

primary schools in our experimental county are similar to the national averages. 

9 Class sizes usually range from 20 to 60 students depending on the number of students in a specific cohort and the school 
size. 
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3. Experiment 

3.1 Study design 

In collaboration with the Longhui Educational Bureau, we selected four primary schools to 

participate in our experiment in the first semester of 2015 (September 2015–February 2016). The 

experiment lasted for 20 weeks. The four schools were not selected randomly. We required each 

selected school to have at least three classes in each grade from Grades 3–5 because two types of 

treatment were introduced, and randomization was implemented at the school-by-grade level. All 

selected schools are commuter public schools. At the beginning of the first semester, we randomly 

selected three classes from each grade in each school as our target classes. A total of 36 classes 

were selected. We selected two classes randomly in each grade in each school as the treated classes 

(24 treated classes). These classes were assigned as the complete mixed-seating classrooms, in 

which low- and high-ability students were randomly paired as deskmates. From the 24 complete 

mixed-seating classes, half were assigned the MSR strategy, and the other half were the pure MS 

classes. The remaining 12 classes (one class each from Grades 3–5 of the four schools) were the 

control classes. Our initial sample includes 695 students in the MS classes, 672 students in the 

MSR classes, and 667 students in the control classes. 

At the beginning of the semester, the seats of students in each of the selected 24 treated classes 

were reassigned to form the complete mixed-seating environment. The basic rules for assigning 

seats were as follows. First, students in a class were divided into two tracks according to the 

median score of their average performance on the Chinese and mathematics in the previous end-

of-term exam. If a student’s average score on the two courses was higher than the median score 

of the class, then he/she will be assigned to the upper track. Otherwise, he/she will be assigned to 

the lower track. Second, students in a class were sorted from the shortest to the tallest within each 

track and then categorized into tertiles. Specifically, the top 30%, the middle 40%, and the bottom 

30% height groups were generated for the upper- and lower-track students. We considered student 

height in our setting to prevent tall students seated near the blackboard from blocking the view of 

the short students seated behind them. Finally, we implemented a random sequence of pairing 

students. We started by assigning lower- and upper-track students in the short-height groups. We 
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randomly selected one student from the upper track and one student from the lower track as 

deskmates, and the pair was assigned a desk in the front left area of the classroom. Then, we 

randomly selected the next pair of students, one from each of the two tracks, and assigned them 

with a desk next to the prior pair of students. Figure 1 illustrates the desk arrangement in a typical 

classroom. The order of the seating arrangement in the physical space of the classroom for each 

pair is from left to right and from front to back. After the seats of students in the short-height 

group were assigned, we assigned seats for students in the middle-height group. Finally, we 

assigned seats for students in the tall-height group. In case a class had an odd number of students, 

we picked the tallest student in the lower track and assigned this single student to a desk in the 

last row of the classroom.10 In our design, taller students mostly sat behind shorter students.11 

Next, we selected one of the two treated classes in each grade in each school to be the MSR 

treated class, leaving the 12 classes as pure MS classes. Thus, we had 12 MSR and 12 pure MS 

classes. In the 12 MSR classes, we offered monetary awards and praise certificates as incentives 

for the 30 upper-track students in the middle and the end of the semester. We set award targets on 

the basis of the learning progress of the grade quantiles of the average scores that their low-ability 

deskmates achieved. Specifically, an upper-track student was offered 100 CNY if his/her 

deskmate’s improved score ranked in the top 10% in the midterm or final exams among lower-

track students in the class. Given that the average class size is 50, a 10% award rate implies that 

2.5 students in an MSR class can receive rewards for each exam (in total, 12×2.5=30 upper-track 

10 Several students were unsatisfied with the seating assignment and requested to change seats after the seating arrangement. 
In our sample, 37 students were not in favor of the original seating arrangement (half of them were in the upper track, and the 
other half were in the lower track). This number accounts for 3% of the treated sample. We allowed the class head teacher to make 
minor adjustments to the seats for students who requested to change seats. An unsatisfied student would be re-paired with a new 
deskmate who was in the same track and same height group as his/her original assigned deskmate. Table A1 of the Appendix 
describes non-compliers and their original deskmates. We also report the non-compliers’ new deskmates and students who 
eventually sit with non-compliers’ original deskmates in detail (we call them the “extended non-compliers”). The 37 students have 
slightly higher baseline scores and comprise a higher fraction of girls than students who accepted the seating arrangement. 
Furthermore, they score a high level of neuroticism in the “Big Five” personality traits. In our main analysis on the treatment 
effects, we treat the 37 non-compliers as normal students because they account for a very small fraction of the treated sample. 
Furthermore, an unsatisfied student is only allowed to exchange a new deskmate in the same track and in the height group with 
his/her original assigned deskmate, and thus, this scenario does not affect the complete mixed-seating arrangement of the class. 
Even if we consider the non-compliers, their original deskmates, and the extended non-compliers together, the number of non-
randomly assigned students only accounts for 8% of the overall sample. We use two methods to deal with these non-randomly 
assigned students. First, we drop them from the treatment classes. Second, we use two-stage least squares to estimate the treatment 
effects. We instrument the acceptance of the seating arrangement with the initial assigned seat. Both alternatives qualitatively yield 
the same results, which are available from the corresponding author upon request. 

11 The average heights for the top 30%, middle 40%, and bottom 30% students are 52.4 inches, 50.8 inches and 50 inches, 
respectively. 
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students are offered rewards in each exam). Midterm and final exams were conducted during the 

experiment. Therefore, an upper-track student may receive a packaged benefit of 200 CNY in total 

(or approximately 30 USD when using the nominal exchange rate to transfer). This amount can 

be considered a financial incentive for upper-track students to help their low-ability deskmates on 

study.12 The reward plan was announced in the MSR classes after the completion of the seating 

arrangement, but no students in the MS and control classes were informed about the reward plan. 

The total expense of our program is 6,000 RMB (or 900USD), which is a relatively low cost to 

motivate high-ability students to offer their help to low-ability students. 

After the seats were arranged in the MS and MSR classes, each pair of students who shared the 

same desk was fixed during the experiment. To prevent students from being assigned at the edge 

of the classroom for the whole semester and developing short-sightedness, columns were rolled 

during the experiment without changing the row. Specifically, two columns as a unit were rotated 

clockwise every week. Therefore, the deskmate for each student was fixed throughout the 

experiment. 

Students stayed in school from 8:30 A.M. to 4:10 P.M. daily during weekdays. Each day, six 

lessons are conducted by a teacher, and one is done through self-study. Each lesson lasts 40 

minutes followed by 10-minute breaks. Students must stay in their seats during the lessons and 

self-study courses. Although students in the same desk are not permitted to talk loudly during 

lectures, they can communicate easily with their deskmates in a soft voice. In the self-study lesson, 

students can communicate with their deskmates conveniently. Students cannot easily 

communicate with students across the aisles, because each of the two columns is bordered by 

aisles,. Students can talk to other students seated in the front or behind them, but this scenario is 

not as convenient as communicating with their deskmates because a student needs to tap or turn 

around to talk with those in front or behind him/her. In summary, we concentrate on deskmates, 

because students sharing the same desk are the most conveniently interactive peer group. 

12 The average tuition fee in our selected schools is between 100 CNY (15 USD) and 300 CNY (45 USD) per semester. In 
another survey conducted in the same county, the data show that a pupil receives an allowance of approximately 350 CNY (52.5 
USD) per year from their parents. From the allowances, a pupil spends 102, 85, and 163 CNY (15.3, 12.8, and 24.5 USD) on 
extracurricular books, stationery, and other things, respectively. 
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The protocol for the control group is simple, and no intervention is carried out. As in MS or 

MSR classes, students sat with the same deskmate for the entire semester. Similarly, two columns 

of desks were rotated together in the control classes every week. 

3.2 Data 

Two rounds of surveys and three rounds of examinations were conducted. The baseline tests on 

Chinese and mathematics were conducted in June 2015. The average scores of Chinese and 

mathematics in the baseline survey were used to separate the students into lower- and upper-track 

groups. The midterm and final exams were conducted in November 2015 and February 2016, 

respectively. The tests for the two subjects in the final exam were uniform across the entire 

county.13 The students gave their answers on paper sheets. We recruited a teacher to proctor the 

exam process rigorously in each of the selected 36 classes. The students sat separately and were 

not allowed to look at the answer sheets of the other students. 

Chinese and mathematics scores are used to measure students’ cognitive abilities. We convert 

the original Chinese and mathematics scores into standardized scores (z-score). Figure A2 

compares the density distributions of the baseline average z-score of the students, where the 

dashed line refers to the control group, and the solid lines refer to the MS or MSR group. The 

graph shows that the baseline test scores are balanced between the control and treatment groups 

in our experimental design. Additionally, the Wilcoxon rank-sum test fails to reject the null 

hypothesis that the MS/MSR treatment and control samples are random draws from a single 

population (p-values equal to 0.69 and 0.87, respectively). The middle and lower parts of Figure 

A2 compare the baseline score distribution between each of the two treatment and control groups 

for the upper- and lower-track students, respectively. Similarly, we find no systematic differences 

in the observed baseline scores for the upper- and lower-track students between the treatment and 

control groups. 

The baseline survey was conducted in September 2015, which was the beginning of a new 

semester. The MS and MSR interventions began at the same time and lasted for the entire semester 

13 The mid-term tests are generally assigned by subject teachers. Thus, these tests are not uniform across the county. Therefore, 
we use the final exam scores to measure students’ achievement. 
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(20 weeks). A follow-up survey with similar questions was conducted in February 2016 after the 

final exam. In two rounds of the survey, we used a well-accepted model, namely, the “Big Five” 

personality test, to measure non-cognitive abilities, which are important elements of human capital 

and successful lives (Kautz et al., 2014). The “Big Five” includes five domains, namely, openness 

to experience, conscientiousness, extraversion, agreeableness, and neuroticism. The “Big Five” 

model has also been widely used to test personality traits in China (e.g., Zhang, 2011). The “Big 

Five” personality test employed in this study comprises 60-item questions. Each respondent 

described how satisfied he/she is in each question according to five levels, that is, from “very 

dissatisfied” to “very satisfied.” An answer of “very dissatisfied” is encoded as 1, and every 

increase in the satisfaction level incurs an additional score of 1. An answer of “very satisfied” is 

encoded as 5. The score of each domain is calculated by summarizing the items in the domain. 

We collected students’ “Big Five” personality traits in two rounds of the survey.  

In two rounds of the survey, we also designed a questionnaire asking for the student’s personal 

information, such as gender, age, height, weight, interest in each subject, and so on. We surveyed 

the parents or guardians of the students to collect information on parents’ characteristics, such as 

age, education level, income level, and time inputs on the students. Figure 2 illustrates the timeline 

of our data collection and experiment. 

Among the students registered in the 36 classes, 2,034 students with baseline scores were 

collected in September 2015. A total of 109 students who might transfer to other schools or have 

grade retention issues did not participate in the midterm or final exams. Students without 

deskmates or with missing values of the key variables were excluded from our sample (123 

students). Finally, we obtain a sample of 1,802 students.14 Each track has 901 students. 

Table 1 reports the means and differences by the treatment status for variables measuring 

student cognitive and non-cognitive achievement, individual characteristics, and family 

background. Each variable is regressed on two dummies indicating the MS and MSR interventions. 

We add school-by-grade fixed effects because the random assignment is conducted at each grade 

in each school. The standard error is clustered at the class level. Column 1 reports the coefficients 

14 We show that sample attrition is not incurred by treatments in Table 1. 
12 

 

                                                     



 

on the constant, which represent the mean of the control group. Columns 2 and 4 present the 

coefficients on the treatment dummies, indicating the respective difference between each of the 

treatment and control groups. 

Among the 1,802 students in the sample, the MS/MSR and control groups are statistically 

indistinguishable in terms of the differences between the baseline characteristics. First, the key 

outcome variables are similar in the three groups. The average Chinese and mathematics raw test 

scores of the MS/MSR group do not differ significantly from those of the control group (rows 1–

2). The non-cognitive abilities, measured by the “Big Five” personality traits, are also similar 

among students in the treatment and control classes (rows 3–7). Second, no significant differences 

by treatment status can be observed in students’ characteristics, parents’ education level, and 

household income. For example, slightly more than half of the students are male. Most of the 

students are non-minority and without urban hukou, as suggested by the fact that 1% is the 

minority, and 95% of the students do not have urban hukou. The average number of years of 

education of the students’ parents is nearly 9.5, representing a middle school education experience. 

Approximately 28% of households have computers, and 18% of households have a car. These 

variables do not differ statistically between the treatment and control groups. 

One selection issue is the likelihood of completing the survey. As previously described, among 

the 2,034 students selected in our study in June 2015, 232 students are dropped from the main 

analysis because of transferring to other schools, grade retention, or missing test scores. As a 

result, 574 students are included in the control classes, and 634 and 594 students are included in 

the MS and MSR classes, respectively (last row, Table 1). The mixed-seating classroom program 

may affect the likelihood of completing the survey by increasing the probability of school transfer. 

For example, if students did not favor their assigned deskmates, they may transfer to another 

school. In view of this concern, the penultimate row of Table 1 reports the treatment effects on the 

probability of completing the survey. The estimates reported in the table comprise coefficients 

when the number of missing students is regressed on two treatment dummies with the standard 

error cluster at the class level. There is no evidence of the difference in the missing students 

between the two treatment groups and the control group. Hence, the missing students were not 
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related to our treatment. For the most part, the differences between the MS/MSR and the control 

groups are minor, indicating that the design of the MS/MSR is clean. 

As aforementioned, the general rule for class head teachers to assign seats in a classroom is on 

the basis of student height. To visualize this arrangement, we plot the average height of students 

for each row, separated for the control, MS, and MSR groups in Figure 3 (the solid line). The 

figure shows that student height increases with the row number in control classes. Taller students 

basically sit in front of shorter students in the MS and MSR classes, but no strictly positive 

correlation can be observed between student height and row number because students in the lower 

and upper tracks are randomly paired (without considering their height) as deskmates in each of 

the height groups in the class. We also superimpose the average score of students for each row, 

classified by treatment status (the dashed line). We find that student’s scores are typically 

unrelated to the row number and student height in the control, MS, and MSR classes. 

We further examine whether the distinction between two students in a class is a determining 

factor for them to be assigned as deskmates. For any pair of students in a class, we generate a 

dummy that takes a value of 1 if two students in a class are deskmates, and takes a value of 0 

otherwise. We then employ a linear probability model to regress this dummy on the absolute 

difference in characteristics between a student and his/her potential deskmate. We conduct our 

regressions in the control, MS, and MSR groups, separately. We present the results in Table A2 in 

the Appendix. The reporting coefficients on student characteristics are small and insignificant, 

indicating that the distinction between students has no predictive power on the assigned deskmates. 

In comparison, the absolute difference in percentile rank is positively associated with the 

probability of students to be deskmates in the MS and MSR classes, implying that the treated 

classes are negatively pairing students with different performance to be deskmates. In summary, 

the seats are approximately randomly assigned in the control group, which is important for a clear 

identification of the MS and MSR treatment effects. 

Results from the seating arrangement of students in the treatment and control groups are 

presented graphically in Figure 4. The figure shows histograms of the deskmates’ baseline z-

scores for low-ability students in a class by treatment status. The left graph shows that the MS 
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classes assign lower-track students with deskmates who have much higher average scores than 

those in the control classes. The right graph shows a similar pattern in the MSR classes. These 

results confirm that our mixed-seating classrooms pair low- and high-ability students as 

deskmates.15  

4. Empirical model specification and main estimation results 

4.1 Empirical model specification 

The basic regression model to identify the treatment effect is a school-by-grade fixed-effect model, 

which regresses student i’s endline achievement on the dummies indicating MS and MSR 

treatment statuses and the student’s baseline achievement: 

𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 = 𝛽𝛽0 + 𝛽𝛽1𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 + 𝛾𝛾1𝑀𝑀𝑀𝑀𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛾𝛾2𝑀𝑀𝑀𝑀𝑀𝑀𝑖𝑖𝑖𝑖𝑖𝑖 + 𝜂𝜂𝑔𝑔 + 𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖,  (1) 

where 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒  and 𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏  denote the endline and baseline standardized test scores/non-

cognitive skills of student i from class j and grade g, respectively. MSijg is a dummy variable that 

equals 1 if student i is in the MS class or equals 0 otherwise. Likewise, MSRijg is a dummy variable 

that equals 1 if student i is in the MSR class or equals 0 otherwise. In addition, ηg is a set of 

dummies controlling for time-invariant school-by-grade fixed effects, and εijg is an error term 

consisting of unobserved parts that affect the endline test scores. The estimates for γ1 and γ2 are 

the average within-grade effects of the MS and MSR interventions, respectively. Considering the 

possible correlation in students’ performance within the classroom, we cluster standard errors at 

the class level. Following Duflo, Dupas, and Kremer (2011) and Alan and Ertac (2019), we 

include the lagged dependent variable in the right hand of the regression equation.16 

Under the conditional exogenous assumption of the two treatment dummies (MS and MSR), 

the estimates of the average treatment effects γ1 and γ2 are consistent. To improve the precision of 

the estimation, another specification is to include student and parent characteristics (gender, age, 

15 We also examine the correlation of baseline characteristics between deskmates for the control, MS, and MSR groups. The 
correlation coefficient on the percentile rank of baseline average achievement between deskmates is 0.49 for the control group, 
compared with −0.09 and −0.06 for the MS and MSR groups, respectively, implying that the treatment effectively creates a 
negative ability assortative pairing class. Positive relations are observed on deskmates’ ages, heights, and weights in the control, 
MS, and MSR classes. This finding is expected because our sample of students belong to close birth cohorts. For other individual 
characteristics and family background, we find a rather weak correlation between deskmates in the control and treatment classes. 

16 An alternative specification is to use the first difference of the outcome as the dependent variable. We find that the main 
results from this specification are almost the same as those from Equation (1). 
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height, weight, hukou register status, race, father’s education, mother’s education, a dummy 

indicating whether the student’s household has a computer, and a dummy indicating whether the 

student’s household has a car). The model can be written as: 

𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 = 𝛽𝛽0 + 𝛽𝛽1𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 + 𝛾𝛾1𝑀𝑀𝑀𝑀𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛾𝛾2𝑀𝑀𝑀𝑀𝑀𝑀𝑖𝑖𝑖𝑖𝑖𝑖 + 𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖Γ + 𝜂𝜂𝑔𝑔 + 𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖,  (2) 

where Xijg is the set of student and parent characteristics observed in the baseline survey. 

As low- or high-ability students are randomly paired as deskmates in the MS and MSR classes. 

We use reduced form linear-in-mean peer effect estimation to determine the effect of the 

deskmate’s ability on student’s endline achievement. The peer’s baseline average achievement is 

used as a proxy for student ability: 

𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 = 𝛽𝛽0 + 𝛽𝛽1𝑦𝑦𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 + 𝜃𝜃1𝑦𝑦−𝑖𝑖,𝑗𝑗𝑗𝑗𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 + 𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖Γ + ℎ𝑚𝑚𝑚𝑚 + 𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖,  (3) 

where 𝑦𝑦−𝑖𝑖,𝑗𝑗𝑗𝑗𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 refers to the deskmate’s baseline z-score or non-cognitive skills. Note that the 

random variation in a peer’s ability is obtained for students in each track, and thus, we separately 

estimate Equation (3) for each track of students. Given that the random assignment of seats takes 

place within the height group in each class, a class-by-height group fixed-effect hmj is controlled. 

In this specification, 𝜃𝜃1 reflects the casual effect of the deskmate’s baseline score on students’ 

endline achievement. 

4.2 Main estimation results 

4.2.1 Effects of the MS and MSR programs on student academic achievement. We start by 

examining the effects of the MS and MSR on the performance of students in the lower and upper 

tracks separately. We employ Equations (1) and (2) to estimate the treatment effects. Given that 

students are arranged into upper and lower tracks according to the median scores of a class, each 

track has 901 students. We expect that the MSR treatment benefits lower-track students because 

they are likely to be helped by their incentivized upper-track deskmates on study. 

Panel A of Table 2 reports the estimated results for lower-track students. Column 1 shows that 

the effect of MS is weak and statistically insignificant (0.01 with s.e.=0.122). The MSR effect is 

positive although not significant (0.14 with s.e.=0.109). Column 2 shows that when individual 
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controls are added, the precision of the estimate is improved. The estimated coefficient of MSR 

is 0.14σ (s.e.=0.065), suggesting that low-ability students benefit from incentivized high-ability 

deskmates in the MSR classes. By contrast, the effect of MS treatment on lower-track students’ 

average z-score is small and not statistically different from 0. 

Different courses may be a concern (Zimmerman, 2003; Brunello, De Paola, and Scoppa, 2010). 

Columns 3 to 6 present the estimated results by course, in which Chinese and mathematics z-

scores are examined separately. Columns 3–4 show that the MS or MSR intervention has no effect 

on low-ability students’ Chinese scores. Column 6 shows that, when all controls are added, the 

MSR intervention promotes lower-track students’ mathematics scores by 0.24σ (s.e.=0.097). Such 

an effect is statistically different from zero at the 5% significance level. In comparison, the MS 

intervention has a weak effect on the mathematics scores. We also test whether the MS effect is 

the same as the MSR effect. A small p-value of the F-test shows that the MSR effect is 

significantly different from the MS effect on students’ mathematics scores.  

One may be concerned that our treatments may harm upper-track students’ academic 

performance. Panel B of Table 2 reports the estimated results for upper-track students. Columns 

1–2 show that the estimated effects of MS and MSR are both minor and do not significantly differ 

from 0. When analyzing Chinese and mathematics separately, columns 3–6 show similar results. 

The MS and MSR interventions have no significant impact on students’ Chinese and mathematics 

scores.17  

4.2.2 Effects of the MS and MSR programs on student non-cognitive skills. In this section, we 

examine whether the complete mixed-seating classes changes the psychological status or 

sociability of students by estimating the effects of MS and MSR intervention on student non-

cognitive skills. This is an important issue. For example, pairing mixed-ability students provides 

additional opportunities for students to communicate with peers in different abilities and may 

induce the extrovert personality and students to become more sociable. Offering rewards in the 

17 The analysis of complex nonlinear treatment effects is shown in Table A3. We separate the entire sample students into 
quartiles according to the baseline score in each class and compare the treatment effects on students in each quartile. We find that 
the MSR is effective for mathematics and the bottom three quartiles of students. 
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MSR classes is similar to a tournament, which increases the level of competition among students 

in the upper track and induces the level of anxiety among students. However, the extent to which 

the interventions affect personality traits is unclear to us. This section answers these questions. 

The estimated equation is specified by Equation (2). Table 3 reports the estimated results. 

Several features can be drawn from the table. Students in the MSR classes have high scores on 

the extraversion scale (column 1). Specifically, being assigned in the MSR classes promotes 

lower- and higher-track students’ extraversion by 2.34 (s.e.=0.764) and 1.91 (s.e.=0.612) points, 

which are equivalent to 6% and 5% increase at the mean value of extraversion of students in the 

control classes. Extraversion measures one’s interests and energies to the external world rather 

than the internal world. Extraverted people appear to be sociable, and they like to interact with 

others. The MS intervention has no effect on the extraversion trait. 

Column 2 shows that the MSR intervention significantly increases low- and high-students’ 

agreeableness by 2.61 (s.e.=1.248) and 2.33 (s.e.=1.176) points, which are equivalent to 8% and 

7% increase at the mean value of agreeableness of students in the control classes. Agreeableness 

reflects the cooperative and unselfish manner of people. Moreover, agreeable individuals value 

getting along with others. Our result indicates that the MSR treatment may improve the quality of 

relations among students. The MS intervention has no effect on the agreeableness trait. Note that 

these two “Big Five” personality traits are related to social skills. Thus, the results may imply that 

the MSR intervention increases social ties among students. We investigate this issue by exploiting 

the students’ friend networks in Section 5.2. 

Openness, which measures one’s openness to new aesthetic, cultural, intellectual experiences, 

and curious thinking, does not change among students in the complete mixed-seating classes 

(column 3). Although the level of competition may increase among high-ability students in the 

MSR classes, the level of student anxiety does not increase. The MS and MSR treatments have 

no effect on the neuroticism scale (column 4). Column 5 shows that being assigned in the MSR 

classes promotes the level of conscientiousness of lower-track students by 1.36 points (s.e.=0.781). 

This scale measures “organized and hardworking” skills, implying that lower-track students in the 

MSR classes work harder than those in the control classes. This finding reconciles our results that 
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lower-track students in the MSR classes earn scores in the previous analysis. 

5. Mechanism Analysis 

Peer effects are the possible channel through which lower-track students benefit from the mixed-

ability environment. In this section, we examine peer effects at the deskmate level in the treatment 

classes. Then, we uncover a plausible mechanism behind peer effects by sharpening our analysis 

on the student network. 

5.1 Peer effects 

In our two treatment schemes, as students are randomly assigned with new deskmates, we can 

estimate the peer effects of deskmates. Table 4 presents the estimate of the influence of peer 

baseline cognitive and non-cognitive abilities on high- and low-ability students’ endline 

performance, and in the MS and MSR classes separately by Equation (3). We additionally control 

the peer’s gender because Lavy, Silva, and Weinhardt (2012) indicate that the gender of peer 

should be a concern.  

Panel A shows the estimated results for lower-track students. Columns 1–6 present results for 

students in the MS classes. We find that being assigned to peers with high baseline z-scores or 

high performance in non-cognitive skills causes no change in performance for lower-track 

students in the MS classes. All estimated coefficients are small and indifferent from 0. Columns 

7–12 in Panel A employ the same specification to estimate peer effects for students in the MSR 

classes. Low-ability students’ cognitive achievement benefits from incentivized stronger peers: 

the coefficient on peer’s baseline z-score is 0.09σ with a standard error of 0.049 (column 7). 

Columns 8 and 9 show that being assigned to deskmates with high extraversion and agreeableness 

scales increases lower-track students’ corresponding traits by 0.23 (s.e.=0.124) and 0.11 

(s.e.=0.053) points, implying that being assigned to more sociable peers promote students’ 

sociability. This finding is consistent with Zárate (2019).18 

Panel B shows the estimated results for upper-track students. Columns 1–6 suggest that for 

upper-track students in the MS classes, peer’s cognitive and non-cognitive abilities nearly have 

18 Zárate (2019) shows that having more sociable peers affects a student’s non-cognitive skills. 
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no impact. All estimated coefficients are small and insignificant, except for neuroticism, which is 

marginally significant. When we move to students in the MSR class, column 9 indicates that being 

assigned to more agreeable lower-track deskmates improves upper-track students’ agreeableness 

by 0.17 (s.e.=0.099) points. It implies that upper-track students are more likely to get along with 

others if they are assigned with more agreeable deskmates. 

Overall, our results on peer effects are twofold. First, the analysis of cognitive abilities indicates 

that being with high achievers promotes lower-track students’ test scores in the MSR classes. 

Second, the analysis of non-cognitive abilities indicates that being with more sociable deskmates 

increases both lower- and upper-track students’ social skills. The two findings underlie low-ability 

students’ score gain in the MSR classes: students may be more likely to interact with their 

deskmates and help lower-track students improve their scores. In the next section, we discuss the 

potential mechanism of peer effects by exploring student network. 

5.2 Network structure 

Networks of relationships play an important role in human interaction, which may generate peer 

effects. However, empirical evidence is lacking perhaps because of the endogeneity of friendship 

formation and the difficulty of collecting network information. 

Homogeneous students endogenously group together (Carrell, Sacerdote, and West, 2013). 

Such a case may appear in the control and pre-treatment classes in our setting and affect students’ 

achievement. For example, if the initial students in the lower track group together and behave 

similarly, then their achievement may be negatively affected by the interacting peers (reflection 

effect). The mixed-seating arrangement is supposed to lower the probability of being assigned to 

a deskmate with a similar ability. Therefore, the original friendship connections can be reduced 

due to the physical separation of students with similar abilities. Furthermore, given that our 

findings show that the MSR intervention promotes students’ sociability, students may form new 

friendships with their assigned deskmates. Hence, students were surveyed on their friendships in 

their class to explore the degree to which our experiment alters selected friends. In two rounds of 

the survey, we asked students to name six best classmates (three boys and three girls) with whom 
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they were friends.19 For each student, his/her friends are identified.20 By matching the name of 

the nominated friends of each individual and the name of his/her classmates, we construct the 

network for each class,21 where a link exists between students if any student nominates another 

student as friends. Students communicate reasonably with their friends in daily life, so this is the 

network of potential interactions. We analyze the change in the friendship structure before and 

after the experiment. Combined with our randomized seat assignment, our identification avoids 

endogenous friendship formation, which is the major concern in the empirical application (Hsieh 

and Lee, 2016). 

We analyze three effects that may be affected by the intervention. First, we test whether our 

treatments affect the formation of friendships between deskmates. Second, we examine whether 

low-ability students make more connections with upper-track students by exploring the fraction 

of high-ability students in a student’s network. Finally, we ask whether our interventions crowd 

out within-track friendships or generate new between-track friendships by comparing the number 

of lower- and upper-track friends before and after the treatments. We provide an underlying 

mechanism to the deskmate-level peer effects and attempt to understand the existence of the MSR 

treatment effect through these analyses. 

5.2.1. Are students more likely to nominate their deskmates as friends? As Table 4 shows 

deskmate-level peer effects in the MSR classes, the most interesting issue is whether the 

intervention promotes friendship formation between deskmates. To answer this question, we use 

similar specifications as Equation (2), except that we use the change in the friendship status 

between deskmates before and after the interventions as the dependent variable and exclude 

lagged outcomes. All individual controls and school-by-grade fixed effects are included. The 

standard errors are clustered at the class level. Column 1 of Table 5 presents the difference in 

treatment versus controls in terms of whether the status of a deskmate nominated as a friend 

19 In the data, 22 and 18 students nominated six friends in the first and second round of surveys, respectively. Therefore, the 
truncated number of friends at six is not a serious concern. 

20 If A nominates B as his/her friend, then we define B as A’s friend regardless whether or not B nominates A as friend. 
21 We match the nominated friends’ names to students’ names using Chinese characteristics in the same class. For unmatched 

cases, if the pronunciation of a reported friend’s name is the same as that of a student’s name in the class, we also match them 
together because students may incorrectly write his/her friend’s name. This process obtains a nearly perfect matching between 
reported friends’ and students’ names in the same class. A total of 96% reported friends can be matched with students in the same 
class. 
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changes before and after the intervention. Column 1 in Panel A shows that the MSR intervention 

significantly promotes the within-deskmate friendship formation for lower-track students. 

Specifically, pairing with incentivized high-ability students increases the probability by 8.3 

percentage points (s.e.=0.048) for low-ability students to nominate their deskmates as friends. In 

comparison, the MS intervention has a small and statistically insignificant effect. 

Column 1 in Panel B shows that MSR intervention also promotes high-ability students to form 

friendships with their low-ability deskmates. The estimated effect is 0.1 (s.e.=0.05), indicating 

that incentivized high-ability students are 10 percentage points more likely to nominate lower-

ability deskmates as friends after a 20-week treatment in the MSR classes. Again, the effect of 

MS is small and statistically insignificant. Taken together, students in the MSR classes tend to 

nominate their between-track deskmates as friends than those in the control classes.  

5.2.2. Do low-ability students form more network ties with high-ability students? We first measure 

the fraction of high-ability students in each student’s network. Then, we regress the change of this 

fraction before and after the treatments on two treatment variables, individual controls, and 

school-by-grade fixed effects. Column 2 of Table 5 shows the estimated effect. Column 2 in Panel 

A shows that the MSR intervention significantly increases the inclination for lower-track students 

to form social ties with upper-track students. The estimated coefficient of MSR treatment is 0.06 

(s.e.=0.024). The MS intervention has a relatively small effect, which is half that of the MSR 

intervention. The antepenultimate row of column 2 in Panel A reports the p-value of testing the 

equality of the estimated coefficients between MS and MSR interventions. The small p-value 

indicates that the MSR effect differs significantly from the MS effect. 

Column 2 in Panel B reports the effects of our interventions on the fraction of high-ability 

friends of students in the upper track. The result shows that the estimated coefficient on the MSR 

treatment is 0.04 (s.e.=0.022), indicating that the MSR intervention increases the fraction of high-

ability friends for high-ability students. However, the magnitude of these estimates is smaller than 

that in column 1. In comparison, the coefficient on the MS treatment is 0.02 (s.e.=0.023) and is 

statistically insignificant. Overall, Panel B of Table 5 shows that lower-track students make more 

friends with high-ability students in the MSR classes. Although the MS intervention also prompts 
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social ties with high-ability students, its effect is relatively small. 

Table A5 in the Appendix provides a robustness check of the results in column 2 in Panel B of 

Table 5. We separate the two students sharing the same desk into relatively low- and high-

achieving students according to their average baseline scores.22 This specification allows us to 

compare student network formation between treatment and control classes at the deskmate level. 

We run regressions for the relatively low- and high-achieving samples separately. The results are 

entirely consistent with those in column 2, Panel B of Table 5. 

5.2.3. Do connections among low-ability students decline? A related question is whether our 

interventions crowd out within-track friendships, or they simply generate new between-track 

friendships. We examine the number of friends to verify this issue. We use the change in the 

number of upper-track (or lower-track) friends before and after the interventions as outcomes. We 

add individual controls and school-by-grade fixed effects. Columns 3–4 in Table 5 report the 

results. Column 3 in Panel A shows that the MS intervention reduces the number of lower-track 

friends. Specifically, the selected number of lower-track friends for low-ability students decreases 

by 0.05 in the MS classes (s.e.=0.027). The magnitude of the estimated effect is tripled in the 

MSR classes: MSR intervention reduces the selected number of low-track friends by 0.19 for low-

ability students, which amounts to a 35% decrease at the mean value in the control classes (–0.53). 

Column 3 in Panel B shows that for high-ability students, the MSR intervention increases the 

number of their lower-track friends by 0.09 (s.e.=0.042), which offsets nearly 30% of the negative 

mean of control classes (–0.29).  

Column 4 in Panel A shows that low-ability students prefer to make friends with upper-track 

students in the treatment classes. This scenario is more evident in the MSR classes than in the MS 

classes. Specifically, MS and MSR interventions increase the number of upper-track friends by 

0.14 (s.e.=0.086) and 0.26 (s.e.=0.097). Although upper-track students generate more new friends 

who are in the same track as themselves, these estimates are not significant, which can be seen in 

column 4 in Panel B. In summary, our results show that the complete mixed-seating environment 

22 We use the word “relative” to refer to two students seated at the same desk with different baseline scores. Notably, the 
relatively high-achieving (low-achieving) students in the MS and MSR classes are also the upper-track (lower-track) students, but 
they may not be so in the control classes. 
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crowds out within-track friendships for lower-track students. Such an effect is more evident in the 

MSR classes than in the MS classes. 

Figure A3 presents a picture of the friend networks between low- and high-ability students in a 

selected MSR class to illustrate the results in Table 5. Clear evidence can be found that students 

with similar abilities are likely to group together before the treatment. In comparison, low-ability 

students are more likely to select high-ability students as friends after the treatment. More details 

of this figure are presented in the Appendix. As a formal test of whether ties among lower-track 

students declined in the complete mixed-seating class, we follow Grund and Densley (2012) and 

run a dyad-level regression. We run endline friendship status between two students on a lower-

track dummy and its interactions with MS and MSR. Individual characteristics surveyed in the 

baseline are controlled.23 Standard errors need to be adjusted because the error terms in the 

regression are correlated across observations. To perform statistical inference, we permute the 

networks 500 times to obtain the p-value as the error terms. Table A4 reports the results. We find 

that students in the lower-track are more likely to connect (0.012 with p-value=0.02). Our variable 

of interest, the interaction term “MSR×Lower track,” is significantly negative, implying that MSR 

helps break the connections among lower-track students (−0.05 with p-value=0.01). MS 

intervention has smaller effects than the MSR with the coefficient of “MS×Lower track” being 

0.02 (p-value=0.01). We also find that friendship patterns are characterized by homophily (Moody, 

2001): two students are more likely to be friends when they have the same age, same mother’s 

education, are both interested in Chinese, and have computers. 

In conclusion, Tables 6–7 suggest that the MSR intervention induces the separation of students 

in the lower track, who prefer to form friendships with newly assigned high-ability deskmates in 

the class. In addition, the incentivized high-ability students are more likely to select low-ability 

23 Using the friendship information, we construct the adjacency matrix, which is a 1,802×1,802 matrix. We then turn our data 
into the dyad level combing the adjacency matrix. Each observation of the data represents a pair of students. The estimation model 
takes the form: 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑝𝑝𝑝𝑝 = 𝛽𝛽0 + +𝛽𝛽1𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑘𝑘𝑝𝑝𝑝𝑝 + 𝛽𝛽2𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑘𝑘𝑝𝑝𝑝𝑝 × 𝑀𝑀𝑆𝑆𝑝𝑝𝑝𝑝 + 𝛽𝛽3𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑘𝑘𝑝𝑝𝑝𝑝 × 𝑀𝑀𝑀𝑀𝑅𝑅𝑝𝑝𝑝𝑝 + 𝑋𝑋𝑝𝑝𝑝𝑝′ Γ+
𝜈𝜈𝑝𝑝𝑝𝑝. The dependent variable, 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝑝𝑝𝑝𝑝, is a dummy that takes a value of 1 if a pair of students (p, q) are friends (including p 
nominates q as friends or vice versa). 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑘𝑘𝑝𝑝𝑝𝑝 is a dummy indicating whether p and q both belong to the lower track. 
𝑀𝑀𝑆𝑆𝑝𝑝𝑝𝑝 (𝑀𝑀𝑀𝑀𝑅𝑅𝑝𝑝𝑝𝑝) is an indicator representing that p and q are both in the MS (MSR) class. 𝑋𝑋𝑝𝑝𝑝𝑝 is a set of dummies. Each dummy 
takes a value of 1 if p and q have the same gender, race, hukou registration status, parental educational level, both have a computer 
or a car, and both are interested in Chinese or mathematics, or takes a value of 0 otherwise. 𝜈𝜈𝑝𝑝𝑝𝑝 is the error term. The estimates 
are obtained by OLS. 
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deskmates as their friends. These findings reconcile the evidence that students are more sociable 

in the MSR classes. Moreover, social ties constructed between deskmates reasonably improve 

their interactions, and lower-track students could learn from their deskmates. Results in Tables 6–

7 provide a critical piece of evidence in understanding the mechanism of the deskmate-level peer 

effects in the MSR classes. The peer effects and within-desk friendship formation provide 

important pieces of evidence in understanding the outcome of our treatment effects. 

5.2.4 Does student centrality in a network matter? In a network, some nodes have more 

connections with other nodes in a network and are easier to obtain and propagate information. 

Centrality is a widely used metric to measure the influence of a node. One may ask whether more 

central lower-track students benefit to a greater extent from the mixed-seating environment 

because they are more capable of communicating with their linked high-ability friends. We use 

in-degree centrality to measure the influence of a node in the network. In-degree centrality of 

student i is a count of the number of students nominated i as a friend in the baseline survey. 

Relative to the out-degree centrality, in-degree centrality better reflects the node’s popularity and 

information access.24 Student’s endline cognitive and non-cognitive performance are regressed 

on student in-degree centrality, two treatment variables, and their interactions. Student’s baseline 

scores, characteristics, and school-by-grade fixed effects are also included. Table A6 reports the 

estimated results. We find that being nominated by more students as a friend does not lead to any 

significant treatment effect, both for cognitive and non-cognitive abilities. Our results suggest that 

our treatment effects do not depend on one’s centrality in the network.  

6. Further Analyses 

6.1 Treatment effect by gender and gender composition between deskmates 

In this section, we examine the heterogeneous treatment effect through two aspects, namely, by 

gender and gender composition of deskmates. We mainly concentrate on student academic 

achievement. First, boys and girls may have a comparative advantage in one specific course. For 

example, high mathematics scores are prevalent among boys, whereas high Chinese scores are 

usually found among girls. Second, one may worry that the positive treatment effect of MSR 

24 We also consider out-degree centrality. The estimated results are similar to those using the in-degree centrality measure. 
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arising from our random assignment increases the possibility of mixed gender within a desk. 

Given that we paired the top and bottom students as deskmates according to students’ baseline 

test scores, boys were more likely to match with girls if girls generally performed better in the 

baseline score than boys or vice versa.25 Though a prima facie fact shows that the proportion of 

different gender deskmates is almost the same between the treatment and control classes,26 we 

need to test formally that the MSR effect is not due to the mixed-gender effect. To disentangle the 

two effects, we separately estimate these effects in the sub-samples divided by student gender or 

gender composition of deskmates. The full set of controls is used in the specification, and the 

standard errors are clustered at the class level. For brevity, we only report the estimated 

coefficients on the MSR intervention (the MS effects are small and insignificant in all regressions). 

Panel A of Table 7 presents the regression results by student gender, where columns 1–4 report 

the estimated coefficients of MSR for lower-track boys and girls, and columns 6–8 report the 

corresponding results for upper-track boys and girls. Column 1 presents the sample size for boys 

and girls in the lower track: 546 boys and 355 girls’ baseline average scores are below the median 

score of the class. Column 2 shows that lower-track boys assigned to the MSR group earned a 

grade increase of 0.18σ relative to the control group, and the effect is statistically significant at 

the 5% level. In comparison, girls assigned to the MSR group earned a grade increase of 0.08σ, 

which is not statistically different from zero. We cannot reject the hypothesis that boys have the 

same effect as girls in the MSR group (the p-value of F-test, which tests the equality of the MSR 

coefficients on boys and girls, is 0.469). Column 3 shows that, for Chinese test scores, low-ability 

boys or girls have small and insignificant score gains. Column 4 shows that, for mathematics 

scores, low-ability boys in the MSR classes acquired 0.26σ score gain (s.e.=0.087). Low-ability 

girls in the MSR classes gained 0.21σ in their endline mathematics scores (s.e.= 0.137). We notice 

that the estimated results for girls are less significant than for boys, which may be due to the 

smaller sample size for female students. Furthermore, the large p-value of the F-test indicates that 

the coefficients between boys and girls are not significantly different from each other. 

25 In our sample, the baseline average raw score of girls is 6.4% higher than that of boys. 
26 Approximately 52.9% of students sharing the same desk are of different genders in the MS and MSR classes and 50.7% of 

deskmates are of different genders in the control classes. 
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Columns 5–8 in Panel A of Table 7 report the effects of the MSR intervention on the upper-

track male and female students. A total of 473 boys and 428 girls are present in the upper track 

(column 5). Column 6 shows that MSR intervention has a small and insignificant effect on high-

ability boys’ and girls’ average z-score. Similarly, the MSR effect on high-ability boys’ and girls’ 

Chinese scores is small and insignificant (column 7). Although the magnitude of the MSR effect 

on high-ability boys’ and girls’ mathematics scores is larger than that in Chinese, none of these 

estimates is statistically different from zero. Overall, the results in Panel A of Table 7 show little 

evidence that the MSR effects vary significantly between genders.  

Panel B of Table 7 separately estimates the MSR effects for subsamples divided by the gender 

composition of deskmates.27 In the table, the same gender means that the gender of two students 

sharing a desk are the same, whereas different gender indicates that the gender of two students 

sharing a desk are different. Pairs of same-gender and different-gender deskmates total 428 (355) 

and 473 (546) in the lower track (upper track), as shown in columns 1 and 5. Columns 2–4 report 

the estimated MSR effects for the lower-track students. The measured effect of the MSR 

intervention on the average score is 0.17σ for lower-track students assigned with incentivized 

deskmates with the same gender and 0.08σ for those assigned incentivized deskmates of the 

opposite gender (column 2). The two estimated coefficients bound the estimate of the effect of the 

MSR intervention on the lower-track students (recall that the MSR effect for lower-track students 

is 0.14σ). Column 3 shows that the MSR treatment has an insignificant effect on the Chinese 

scores of lower-track students with deskmates of the same or different gender. Column 4 shows 

that the estimated MSR effect on mathematics scores is positive for lower-track students 

regardless of the gender composition of the deskmates. From the statistical language, the large p-

values from the F-test indicate that these differences are not significant between the two groups. 

Columns 6–8 show the estimated MSR effect for the upper-track students. The positive MSR 

effect exists only in the mathematics scores and among students with deskmates of the same 

gender. The estimated coefficient is 0.19 (s.e.=0.1). 

27 Subsamples are divided according to the gender composition of deskmates, which is unlikely to be endogenous. We find that 
the proportion of deskmates who are of different genders in the treatment and control classes are similar (52.9% vs. 50.7%). 
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Taken together, the results in Panel B of Table 7 indicate that the score gain for low-ability 

students under the MSR intervention is not due to the mixed gender between deskmates. In 

addition, upper-track students can only benefit from the MSR program if they are assigned a 

deskmate of the same gender.  

6.2 Role of teachers 

In the complete mixed-seating classroom, a teacher can adjust the instructional level when the 

composition of students’ abilities changes within the class. Teachers may vary systematically with 

peer composition because they would match the instruction closely to student needs (Burke and 

Sass, 2013). This section reports on tests of explanations related to the role of teachers. Subsection 

6.2.1 argues that our treatment does not alter the teacher’s effort. Subsection 6.2.2 presents 

evidence that the detected peer effects in the MSR classes do not vary by teacher quality, and thus, 

teacher quality is not the mechanism of the peer effects. 

6.2.1 Treatment effects on teacher effort. Each student was asked to evaluate the role of the class 

head teacher through an evaluation questionnaire in two rounds of surveys. The evaluation 

questionnaire is an 18-item questionnaire with a 1–4 scale response. The questionnaire consists 

of three domains that measure different components, namely, the teacher’s (1) learning instruction, 

(2) daily care for students, and (3) fairness to students. Additional details of this questionnaire are 

presented in the Appendix (Table A7). For our analysis, we adjust the reverse-scored item to 

ensure that a high value indicates a positive evaluation of the teacher. We aggregate all items and 

divide the summation by the standard deviation in each domain. Next, we use OLS to regress each 

domain on the treatment status by adding individual controls and school-by-grade dummies. 

Table A8 presents the estimated results. We find that students in treatment classes provide 

similar evaluations on their teachers compared with those in the control classes, indicating that 

teacher’s function may not be the driving force of the treatment effect of the MSR intervention.28  

6.2.2 Peer effects and teacher quality. High-quality teachers may tailor their teaching methods to 

28 We do not conclude that the teacher has no contribution to the MSR treatment effect because class head teachers acquire 
some information about the treatment: They arranged students’ seats and announced the rewards to the upper-track students in the 
MSR classes. If they adjusted their behaviors in an implicit way that was not captured by the 18 questions, then the improvement 
of students’ score may be associated with teacher effects. However, even if this did occur, our conservative conclusion is that the 
incentivized mixed-seating class, along with teacher effects, helps improve lower-track students’ scores and lower- and upper-
track students’ non-cognitive abilities. 
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meet students’ needs in mixed-seating classes. In this sense, the estimated peer effects may include 

a teacher effect. Table A9 presents results to show that this is not the case. Our measure of teacher 

quality is a dummy, that takes a value of 1 if the class head teacher received a bachelor’s degree, 

and takes a value of 0 otherwise. We employ a similar specification to Equation (3), except that 

we further add an interaction term between the deskmate’s baseline z-score and the teacher 

quality.29 The coefficient on this interaction term can tell us whether peer effects vary by teacher 

quality. We find that none of the coefficients of the “Deskmate’s baseline z-score×Teacher with a 

bachelor degree” is statistically different from 0. Moreover, the estimated effects of peer quality 

are very close to those in Table 4. These results imply that our detected peer effects in the MSR 

classes do not vary by teacher quality. Therefore, we can conclude that teacher quality is not an 

important factor in the deskmate-level peer effects detected in the MSR classes.  

7. Robustness 

7.1 Correction of the small treatment-control variations 

Our randomization is implemented at the class level with 36 classes. For statistical inference, we 

only have 36 observations for the identification of the treatment effect. To deal with this issue, we 

use a two-step method to make the small sample correction to the standard error. First, we apply 

the Moulton procedure, as proposed by Angrist and Pischke (2009), to calculate the Moulton 

standard error. Second, we follow Cameron, Miller, and Gelbach (2008) to correct the Moulton 

standard errors by magnifying the residuals by �𝐾𝐾/(𝐾𝐾 − 1), where K is the number of classes. 

In this case, our statistical inference is based on t-distribution with K–2 degrees of freedom. For 

a convenient view of the significance of the estimated coefficients, a 95% confidence interval is 

reported. Table A10 reports the estimated treatment effects. Panel A shows that for students in the 

lower track, the effects of the MSR intervention on lower-track students’ mathematics scores and 

extraversion scale are still significant at the 5% level (columns 3 and 4).30 Panel B shows that for 

students in the upper track, the effects of MSR intervention on extraversion and agreeableness 

scales are significant at the 5% level (columns 4 and 5). These results are consistent with the 

29 Teacher quality is absorbed in the class-by-height group fixed effect. 
30 The results of using the corrected standard errors show that the effects of the MSR intervention on students’ average endline 

score and agreeableness are significant at the 10% level. 
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findings in Tables 2 and 3, indicating that our estimates are robust.  

7.2 Deskmates’ collusion to cheat in the test 

Finally, a plausible alternative interpretation of the test score gain for the lower-track students 

should be discussed: Deskmates may collude to earn the rewards. For example, upper-track 

students may help their low-ability deskmates cheat in the test, which would contaminate our 

estimated treatment effects. We argue that this would not be the case for three reasons. First, 

students’ seats in exam venues were arranged according to their student numbers, and deskmates 

were less likely to sit together during the exam. Second, each student sat individually and was 

separated by a vacant seat on either side (i.e., each student took the exam in a separate table). 

Therefore, lower-track students had difficulty seeing other students’ answer sheets in such an 

environment. Third, we recruited a teacher to proctor the exam rigorously in each of the 36 classes 

to prevent students from cheating. 

8. Comparison with the literature 

In this section, we compare our estimated effects with related literature. In a partial paring process, 

Li et al. (2014) find that pairing high and low achieving classmates as benchmates and offering 

them rewards improves low achieving students’ average test scores by 0.265 standard deviations. 

In our setting, the estimated MSR effect on lower-track students’ average z-score is 0.14 standard 

deviations. The difference may arise from that Li et al. (2014) incentivize both high and low 

achievers. In comparison, only upper-track students are rewarded in our setting. Therefore, the 

relatively large effect detected by Li et al. (2014) may rise from the incentive of low achievers to 

obtain money. 

It is helpful to place the magnitude of the mixed-seating effects in a context by comparing it to 

the tracking effects. We compare our results reported in Table 2 with the within-school tracking 

effects in the literature.31 In the early literature, Hoffer (1992) finds that students placed in the 

high-ability group in schools outperform otherwise similar students in schools without tracking. 

The size of the effect for high-ability students ranges from 0.18–0.26 standard deviations in 

31 Within-school tracking sorts students into different classrooms in accordance with student ability within a school. The 
complete mixed-seating intervention is a practice that mixes students of different abilities in a class. Thus, we compare the 
literature on within-school tracking. 
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tracking schools. Argys, Rees, and Brewer (1996) report that tracking boosts scores of students in 

high-ability classes by 8.4% (or nearly 0.25 standard deviations). In recent literature, Duflo et al. 

(2011) provide a clean estimate of within-school tracking in 121 elementary schools in Kenya. 

They show that after 18 months in tracking schools, students in the top half of the pre-assignment 

score distribution gain 0.19 standard deviations, whereas those in the bottom half gain 0.16 

standard deviations. Card and Giuliano (2016) find that placement in a fourth-grade gifted/high-

achieving class increases the scores of high-achieving minority students by 0.5 standard 

deviations. These findings confirm that tracking mainly benefits high-ability students.32 

In our findings, 20 weeks of studying in the complete mixed-seating environment with 

incentivized high-ability students increased the endline mathematics scores of low-ability students 

in the classes by 0.24 standard deviations. These effects are relatively small compared with the 

effect in Card and Giuliano (2016), but they are close to the magnitude estimated by Hoffer (1992) 

and Duflo et al. (2011). Our estimates imply that the complete mixed-seating classroom with 

incentives benefits students, especially those who belong to the bottom of the class. Therefore, 

within-class mixed-seating is similar to an egalitarian social policy, which is preferable for 

education administrators who are concerned about equality of education. Combined with the 

findings in tracking literature, we may draw the conclusion that tracking is economically efficient 

to talents, whereas our MSR class decreases inequality among students with different abilities. 

Along similar lines, we can put the magnitude of our estimates in the context of existing papers 

on peer effects. Here, we concentrate on the effect of peers’ quality on low-ability students. Table 

4 shows that for lower-track students, the estimated peer effects on test scores are 0.09 standard 

deviations when they are assigned with upper-track incentivized peers. Our estimates are smaller 

than the estimated peer effects in the literature. Burke and Sass (2013) find that low-ability 

students can reap benefits by 0.23–0.28 standard deviations from middle-ability classroom peers. 

Feld and Zölitz (2017) show that the increased fraction of middle-ability peers (relative to low- 

32 Another thread of literature argues that tracking harms low-ability students and increases inequality among students. For 
example, Garlick (2018) shows that tracking at the dormitory decreases the scores of low-achieving students by 0.24 standard 
deviations compared with students in randomly assigned dormitories. With respect to tracking and inequality, the Organization for 
Economic Co-operation and Development (OECD) (2003) shows that countries applying early tracking systems have high 
achievement variance in student’s scores. 
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or high-ability peers) boosts the scores of low-ability students by 0.13–0.15 standard deviations 

in their endline GPAs. Thus, our findings imply that having an incentivized high-quality 

deskmates has roughly one-third to two-thirds of these effects. As for peer effects on non-

cognitive abilities, Zárate (2019) shows that being assigned with more sociable peers increases 

students’ extraversion and agreeableness scale by 0.067 and 0.066 standard deviations, 

respectively. Our estimated results in Table 4 show that a more extraverted or agreeable peer can 

improve the extraversion and agreeableness of lower-track students by 0.225 and 0.11 points, 

respectively, which are equivalent to 0.035 and 0.017 standard deviations, respectively. Therefore, 

our results are one-quarter to one-half of the effects estimated by Zárate (2019). It is natural that 

different results are obtained in different contexts. Peer effects may be related to group size. Burke 

and Sass (2013) and Feld and Zölitz (2017) examine the peer effects in the same class or squadron, 

which has 30–50 students. In Zárate’s (2019) study, the number of students in a dormitory ranges 

from 3 to 6. Contrary to these studies, we analyze peer effects at the smallest level, which only 

involves two students. 

9. Conclusion 

A main challenge of education in developing countries is that students’ performance is highly 

diverse. Peer effects play an important role in policy debates on how to improve low-ability 

students’ performance at a low cost. In this paper, we design a promising method that groups 

students by pairing deskmates with different abilities to study whether students’ cognitive and 

non-cognitive performance can be affected by those who sit next to them. 

We set complete mixed-seating classes in four selected elementary schools, where low- and 

high-ability students were randomly paired as deskmates. To motivate high-ability students to 

help their low-ability deskmates on study, we offer a monetary award and a praise certificate to 

high-ability students if their deskmates’ improved score to be in the top 10% progress among low-

ability students in the class. We find that low-ability students achieve higher scores in mathematics 

in MSR classes than those in control classes, while high-ability students are nearly unaffected. In 

terms of the non-cognitive abilities, low- and high-ability students become more sociable in the 

MSR classes. 
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Beyond estimating the treatment effects, we also seek to explore the mechanism. We detect 

deskmate-level peer effects in the MSR classes. We find that being assigned with high achievers 

or more sociable peers boosts students’ corresponding performances. Based on new data including 

granular network information of students, we also provide empirical evidence that students’ 

network connection underlies a possible mechanism of peer effects. We find that MSR promotes 

friendship formation between deskmates and separates the links among lower-track students, who 

now form more social ties with high-ability students. 

The main lesson of this study is that the design of the incentivized complete mixed-seating 

classes provides a low-cost method for improving low-ability students’ achievement. Although 

after-school tutoring can help low-ability students effectively, this solution is costly. Tracking may 

help high-ability students, but it increases inequality. Policymakers who are concerned with 

improving student performance and equality of education can consider our designed method to 

narrow the score disparity between high- and low-ability students. Our findings on the non-

cognitive skills indicate that the sociability of students can be fostered. 

It is an open question of whether similar results can be obtained in different contexts. For 

example, ethnicity may be a concern if students of different ethnicities are reluctant to be 

interactive. Given that our data contain few minority students, we cannot say if any difference 

would occur when the number of minority students increases in the class. We believe that the 

incentivized complete mixed-seating classes may be likely to generate similar effects in other 

developing countries in South Asia, where student abilities are diverse, the non-minority 

constitutes a large proportion, and seats are relatively stable over time. The complete mixed-

seating classes may not apply to the United States or other countries if students’ seats are not fixed 

over time. However, our analysis of the friend networks is still helpful to gain a better 

understanding of the peer effects in the educational context even in these countries. 
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Table 1. Difference in Characteristics between the Treatment and Control Groups in the Baseline Survey 

  Control’s mean 
 Diff. between MS and 

control 
 Diff. between MSR and 

control 

  (1)  (2) (3)  (4) (5) 
Chinese test raw score 66.87  0.17 [2.58]  −0.54 [2.62] 
Mathematics test raw score 57.66  −1.54 [3.52]  −0.28 [3.20] 
Extraversion 38.13  1.26 [1.16]  0.05 [1.55] 
Agreeableness 34.45  1.14 [1.36]  0.07 [2.15] 
Openness 40.20  0.99 [0.77]  0.35 [0.97] 
Neuroticism 38.75  0.59 [0.92]  –0.11 [1.31] 
Conscientiousness 38.30  0.92 [1.08]  0.13 [1.46] 
Male 0.57  −0.02 [0.03]  0.01 [0.02] 
Age 8.55  0.17 [0.34]  0.10 [0.30] 
Height (inch) 52.29  −0.27 [1.23]  −0.44 [0.96] 
Weight (kg) 25.94  −0.25 [1.50]  −0.46 [1.23] 
Non-minority (yes=1) 0.99  −0.00 [0.01]  0.01 [0.01] 
Hukou registration status (urban 
hukou=1) 0.05  −0.01 [0.03]  0.01 [0.03] 

Interest in Chinese (yes=1) 0.60  0.07 [0.07]  −0.06 [0.07] 
Interest in Mathematics (yes=1) 0.55  0.03 [0.07]  −0.01 [0.07] 
Father’s education (# of years) 9.78  −0.20 [0.42]  0.05 [0.40] 
Mother’s education (# of years) 9.27  −0.38 [0.40]  −0.02 [0.38] 
Student’s household possesses a 
computer (yes=1) 0.28  0.02 [0.08]  0.02 [0.08] 

Student’s household has a car (yes=1) 0.18  −0.01 [0.06]  −0.02 [0.06] 
Key variables with any missing values 0.17  −0.05 [0.03]  0.02 [0.03] 
Number of individuals 574  634  594 
Notes: Column 1 presents the mean values for the control group. Columns 2 and 3 present the differences between each of the two treatment groups 
(MS and MSR) and the control group, respectively. Brackets contain standard errors clustered at the class level. 

* Significant at the 10% level.  
**Significant at the 5% level.  
***Significant at the 1% level. 
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Table 2. Effects of the Interventions on Students’ Endline Test Scores 

  Average score   Chinese score   Mathematics score  

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

Panel A. Lower-track students 

MS 0.006 0.013  −0.046 −0.020  0.014 −0.004 
 [0.122] [0.085]  [0.105] [0.070]  [0.161] [0.106] 

MSR 0.136 0.139*  −0.006 −0.009  0.246* 0.242** 
 [0.109] [0.080]  [0.091] [0.060]  [0.145] [0.097] 

Controls No Yes  No Yes  No Yes 

p-value of effect (MS=MSR) 0.309 0.065  0.713 0.856  0.175 0.006 

Observations 901 901  901 901  901 901 
         

Panel B. Upper-track students 

MS −0.079 −0.063  −0.052 −0.051  −0.054 −0.031 
 [0.095] [0.057]  [0.067] [0.042]  [0.147] [0.087] 

MSR 0.022 0.045  −0.003 0.004  0.077 0.109 
 [0.075] [0.057]  [0.082] [0.043]  [0.100] [0.080] 

Controls No Yes  No Yes  No Yes 

p-value of effect (MS=MSR) 0.294 0.127  0.585 0.256  0.350 0.154 

Observations 901 901   901 901   901 901 
Notes: This table reports the treatment effects of the MS and MSR interventions on students’ endline average scores and Chinese and mathematics 
test scores. The estimated equations are specified by Equation (1) for odd columns and Equation (2) for even columns. Panel A reports estimated 
results for lower-track students and Panel B reports estimated results for upper-track students. Each track contains 901 students. Controls include the 
corresponding baseline score, gender, age, height, hukou registration status, minority, father’s education, mother’s education, and whether the student’s 
household has a computer or a car. Robust standard errors clustered at the class level are presented in brackets. 

* Significant at the 10% level. 
**Significant at the 5% level. 
***Significant at the 1% level. 
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Table 3. Effects of Interventions on the “Big Five” Personality Traits 

  Extraversion Agreeableness Openness Neuroticism Conscientio-
usness 

  (1) (2) (3) (4) (5) 
Panel A. Lower-track students           
MS 0.575 1.095 −0.379 0.963 0.883 

 [0.819] [1.387] [0.604] [0.737] [0.913] 
MSR 2.341*** 2.610** 0.805 0.550 1.358* 

 [0.764] [1.248] [0.742] [0.634] [0.781] 
Controls Yes Yes Yes Yes Yes 
p-value of intervention in the lower-track 
(MS=MSR) 0.085 0.308 0.150 0.613 0.640 

Mean of the dependent variable for students in 
control classes 37.05 31.82 39.71 37.52 37.18 

Observations 901 901 901 901 901 
      
Panel B. Upper-track students      
MS −0.086 0.260 −0.176 0.483 −0.129 

 [0.696] [1.162] [0.431] [0.642] [0.083] 
MSR 1.911*** 2.327** −0.659 −0.016 0.766 

 [0.612] [1.176] [0.592] [0.605] [0.729] 
Controls Yes Yes Yes Yes Yes 
p-value of intervention in the upper track 
(MS=MSR) 0.099 0.069 0.560 0.492 0.241 

Mean of the dependent variable for students in 
control classes 37.82 32.77 39.76 38.18 38.31 

Observations 901 901 901 901 901 
      
p-value of MS effect (lower track=upper track) 0.219 0.268 0.654 0.247 0.168 
p-value of MSR effect (lower track=upper track) 0.447 0.386 0.018 0.273 0.336 
Notes: This table reports the regression estimates of treatment effects of MS and MSR interventions on student personality traits measured using the 
“Big Five” model. The dependent variable is each of the five domains following the “Big Five” model surveyed in the endline questionnaire. The 
estimated equation is Equation (2). Panel A reports the estimated results for lower-track students and Panel B reports estimated results for upper-track 
students. Controls include the corresponding measured outcome variable in the baseline survey, gender, age, height, hukou registration status, minority, 
father’s education, mother’s education, and whether the student’s household has a computer or a car. Robust standard errors clustered at the class 
level are presented in brackets. 

* Significant at the 10% level. 
**Significant at the 5% level. 
***Significant at the 1% level. 
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Table 4. Peer Effects in the Complete Mixed-Seating Classes 
 Estimation for MS classes  Estimation for MSR classes 

 Average 
z-scores 

Extra-
version 

Agree-
ableness Openness Neuro-

ticism 
Conscientio-

usness 
 Average 

z-scores 
Extra-
version 

Agree-
ableness Openness Neuro-

ticism 
Conscientio-

usness 
 (1) (2) (3) (4) (5) (6)  (7) (8) (9) (10) (11) (12) 

Panel A. Lower-track students 

Deskmate’s baseline performance −0.022 0.054 −0.059 0.042 0.026 0.044  0.092* 0.225* 0.110** 0.108 −0.075 −0.022 
 [0.106] [0.044] [0.038] [0.057] [0.051] [0.049]  [0.049] [0.124] [0.053] [0.061] [0.101] [0.086] 

Class-by-height group fixed effect Yes Yes Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes 

Controls Yes Yes Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes 

Observations 317 317 317 317 317 317  297 297 297 297 297 297 
              

Panel B. Upper-track students 

Deskmate’s baseline performance −0.032 0.054 0.084 0.055 0.095* 0.074  0.033 0.152 0.168* −0.089 0.058 −0.021 
 [0.034] [0.044] [0.054] [0.078] [0.052] [0.092]  [0.039] [0.112] [0.099] [0.067] [0.059] [0.077] 

Class-by-height group fixed effect Yes Yes Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes 

Controls Yes Yes Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes 

Observations 317 317 317 317 317 317  297 297 297 297 297 297 
Notes: This table reports the regression estimates of the effect of peer quality by examining the effect of peer baseline cognitive and non-cognitive abilities on student’s endline cognitive and non-cognitive abilities. A peer 
is defined as one’s deskmate. The outcome variables are the student’s endline average scores (columns 1 and 7) or “Big Five” personality traits (columns 2–6 and 8–12). Regressions are run for upper- and lower-track 
students in the MS and MSR classes separately. The estimated equation is Equation (3). Controls include gender, age, height, hukou registration status, minority, father’s education, mother’s education, and whether the 
student’s household has a computer or a car. Robust standard errors clustered at the class level are presented in brackets. 

* Significant at the 10% level. 
**Significant at the 5% level. 
***Significant at the 1% level. 
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Table 5. Effects of the Interventions on Student Friend Networks 

  
Whether a deskmate is 
nominated as a friend 

Fraction of upper-track 
students in one's network 

Number of lower-track 
friends 

Number of upper-track 
friends 

  (1) (2) (3) (4) 
Panel A. Lower-track students     
MS 0.041 0.033* −0.051* 0.141 

 [0.039] [0.019] [0.027] [0.086] 
MSR 0.083* 0.064*** −0.188*** 0.255*** 

 [0.048] [0.024] [0.036] [0.097] 
Controls Yes Yes Yes Yes 
p-value of the effect (MS=MSR) 0.263 0.091 0.001 0.152 
Mean of the dependent variable for students in control classes –0.105 –0.063 −0.532 0.331 
Observations 901 901 901 901 

     
Panel B. Upper-track students     
MS 0.047 0.021 −0.053 0.133 

 [0.047] [0.023] [0.037] [0.111] 
MSR 0.096* 0.038* 0.085** 0.142 

 [0.050] [0.022] [0.042] [0.097] 
Controls Yes Yes Yes Yes 
p-value of the effect (MS=MSR) 0.168 0.432 0.001 0.93 
Mean of the dependent variable for students in control classes –0.063 –0.040 −0.290 0.355 
Observations 901 901 901 901 

Notes: This table reports the regression estimates of treatment effects of MS and MSR interventions on student friend networks. The dependent variables are the first-difference of whether a deskmate is nominated as 
a friend before and after the intervention (Column 1), the first-difference of the fraction of upper-track students in one’s friend network (Column 2), the number of lower-track friends (column 3), and the number of 
upper-track friends (column 4). Panel A reports estimated results for lower-track students and Panel B reports estimated results for upper-track students. All specifications include school-by-grade fixed effects. Controls 
include gender, age, height, hukou registration status, minority, father’s education, mother’s education, and whether the student’s household has a computer or a car. Robust standard errors clustered at the class level 
are presented in brackets. 

* Significant at the 10% level. 
**Significant at the 5% level. 
***Significant at the 1% level. 
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Table 6. MSR Effect by Gender and Gender Composition between Deskmates 

  Obser- 
vations 

Average 
score Chinese Mathematics   Obser- 

vations 
Average 

score Chinese Mathematics 

  (1) (2) (3) (4)   (5) (6) (7) (8) 

Panel A. By gender 
 Lower-track students  Upper-track students 
Boys 546 0.176** 0.033 0.256***  473 0.070 0.066 0.124 

  [0.073] [0.061] [0.087]   [0.063] [0.042] [0.092] 
Girls 355 0.079 −0.061 0.206  428 0.018 −0.038 0.080 

  [0.112] [0.092] [0.137]   [0.056] [0.051] [0.079] 
p-value (boys=girls)  0.469 0.328 0.748   0.521 0.263 0.642 
Panel B. By gender composition within a desk 
 Lower-track students  Upper-track students 
Same gender 428 0.174* −0.035 0.252**  355 0.104 −0.011 0.194** 

  [0.099] [0.081] [0.112]   [0.082] [0.069] [0.100] 
Different gender 473 0.079 −0.017 0.202**  546 0.012 0.027 0.033 

  [0.078] [0.057] [0.104]   [0.060] [0.045] [0.085] 
p-value (same gender 
=different gender)   0.623 0.257 0.871     0.339 0.310 0.079 

Notes: This table reports the regression estimates of treatment effects of the MSR intervention on students’ endline average scores and Chinese and 
mathematics test scores. In Panel A, the sample is divided into subsamples by student gender and by track. In Panel B, the sample is divided into 
subsamples by gender composition of deskmates and by track. Controls are added in all regressions. The controls include the corresponding baseline 
score, gender, age, height, hukou registration status, minority, father’s education, mother’s education, and whether the student’s household has a 
computer or a car. Robust standard errors clustered at the class level are presented in brackets. 

* Significant at the 10% level. 
**Significant at the 5% level. 
***Significant at the 1% level. 
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Notes: Each rectangle indicates a desk; “x-y” means a student in x row and y column. 

Figure 1. Desk Arrangement of a Typical Classroom 
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Figure 2. Timeline of Data Collection and Experiment 

Baseline test score 

Baseline survey 
Test baseline non-cognitive skills 
Random seat assignment  
Motivate pupils Midterm exams Final exams 

1 Sep 2015 20 Nov 2015 12 Feb 2016 

Final survey 
Test endline non-cognitive skills 

13 Feb 2016 15 June 2015 

First semester in 2015 
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Figure 3. Average Baseline Score and Height for Students in Different Rows  
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Figure 4. Distribution of Deskmate Baseline Z-Score for Low-Ability Students 
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Appendix 
 
 

Table A1. Comparison of Student Characteristics and the “Big Five” Personality Traits between Non-
randomly Assigned Students and Compliers 

  Non-randomly assigned students   Compliers 

 All Non-compliers 
Non-compliers’ 
original assigned 

deskmates 

Extended 
non- 

compliers 
  

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

Panel A. Achievement and characteristics 

Chinese test score 67.35 69.28 65.76 66.09  66.70 
 (17.99) (16.75) (19.74) (19.27)  (19.09) 
Mathematic test score 57.37 60.92 59.48 55.50  57.00 
 (24.32) (25.09) (20.55) (26.38)  (24.13) 
Male 0.59 0.39 0.74 0.62  0.56 
 (0.49) (0.50) (0.45) (0.49)  (0.50) 
Age 8.67 8.79 8.66 8.66  8.72 
 (1.05) (1.04) (1.05) (1.01)  (0.97) 
Height (inch) 51.27 51.09 51.48 51.79  52.11 
 (4.72) (4.71) (4.79) (4.75)  (4.10) 
Weight (kg) 25.35 25.86 26.05 25.16  25.73 
 (5.62) (5.53) (5.75) (5.30)  (6.13) 
Non-minority (yes=1) 0.05 0.11 0.00 0.04  0.05 
 (0.21) (0.31) (0.00) (0.20)  (0.21) 
Hukou registration status (urban hukou=1) 0.99 1.00 1.00 0.99  0.99 
 (0.08) (0.00) (0.00) (0.11)  (0.09) 
Interest in Chinese (yes=1) 0.57 0.55 0.61 0.53  0.60 
 (0.50) (0.50) (0.50) (0.50)  (0.49) 
Interest in mathematics (yes=1) 0.52 0.55 0.61 0.46  0.56 
 (0.50) (0.50) (0.50) (0.50)  (0.50) 
Father’s education (# of years) 9.38 9.24 9.47 9.78  9.76 
 (2.18) (2.45) (2.37) (2.27)  (2.57) 
Mother’s education (# of years) 8.88 8.37 9.00 9.25  9.16 
 (2.05) (2.43) (1.97) (2.29)  (2.54) 
Student’s household has a computer 
(yes=1) 0.29 0.16 0.24 0.30  0.29 
 (0.46) (0.37) (0.43) (0.46)  (0.45) 
Student’s household has a car (yes=1) 0.13 0.13 0.08 0.16  0.17 
 (0.34) (0.34) (0.27) (0.37)  (0.38) 
Panel B. Big Five personality traits 
Neuroticism 39.47 40.34 39.37 39.08  38.90 
 (5.24) (5.38) (4.53) (5.42)  (4.95) 
Extraversion 39.03 38.87 39.13 39.07  38.84 
 (6.05) (6.19) (5.23) (6.31)  (5.62) 
Openness 40.85 40.68 39.79 41.28  40.89 
 (4.94) (5.26) (4.27) (4.97)  (4.39) 
Agreeableness 34.54 34.37 33.79 34.79  34.95 
 (7.79) (7.79) (6.31) (8.19)  (7.23) 
Conscientiousness 39.43 39.34 38.47 40.41  39.19 
 (5.95) (6.16) (5.39) (6.03)  (5.84) 

Number of individuals 148 37 37 74  1,650 
Notes: This table reports the mean and standard deviation of the variables. The sample in column 1 includes students who were not randomly 
allocated. Samples in columns 2 and 3 include students who rejected the original seating arrangement and their original deskmates. The sample in 
column 4 includes non-compliers’ new deskmates and students who eventually sat with non-compliers’ original deskmates (i.e., 74 students whose 
seats were reassigned due to the 37 non-compliers). The sample in column 5 includes students who accepted the original seating arrangement.   
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Table A2. Prediction of Student Characteristics on Deskmate Pairing 
  Control group  MS group  MSR group 

  Estimated 
coefficient p-value  Estimated 

coefficient p-value  Estimated 
coefficient p-value 

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

Percentile rank 0.000 (0.93)  0.055*** (0.00)  0.061*** (0.00) 

Male −0.003 (0.12)  0.005 (0.10)  0.004 (0.19) 

Age −0.001 (0.53)  0.000 (0.91)  0.001 (0.10) 

Height (inch) −0.025 (0.19)  −0.052 (0.01)  −0.025 (0.07) 

Weight (kg) 0.000 (0.22)  0.000 (0.33)  0.000 (0.49) 

Non−minority (yes=1) 0.003 (0.05)  −0.001 (0.46)  −0.002 (0.31) 
Hukou register status (urban hukou=1) 0.000 (0.04)  0.005*** (0.00)  0.000 (0.94) 
Interest in Chinese (yes=1) 0.001 (0.76)  0.001 (0.44)  −0.005 (0.16) 

Interest in Mathematics (yes=1) −0.001 (0.68)  −0.002 (0.35)  0.001 (0.55) 

Father’s education (# of years) 0.000 (0.03)  0.000 (0.65)  0.000 (0.19) 

Mother’s education (# of years) 0.000 (0.76)  0.000 (0.28)  0.000 (0.34) 

Student’s household has a computer (yes=1) −0.001 (0.59)  −0.001 (0.10)  −0.001 (0.71) 

Student’s household has a car (yes=1) 0.000 (0.97)  0.000 (0.90)  0.001 (0.55) 

Class fixed effect Yes   Yes   Yes  

Number of observations 14,403   17,093   14,541  
Notes: This table reports the estimates of the effects of the similarity of characteristics of two students on the probability of students who can be 
deskmates. We run OLS regression on the dyadic data, which are obtained by pairing each individual with his/her classmates to finalize a dataset. Each 
observation of the data represents a pair of students. The dependent variable is a dummy that has a value of 1 if the paired students are deskmates. The 
independent variables are the absolute difference of characteristics between a student and his/her potential deskmate. P-values are obtained by permuting 
student pairs in the control, MS, and MSR classes 500 times and reported in the parentheses. 

* Significant at the 10% level. 
**Significant at the 5% level. 
***Significant at the 1% level. 
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We employ a nonlinear model to estimate a complex set of the MS and MSR effects.33 We 

separate 1,802 students or the entire sample into quartiles according to the baseline score in 

each class (bottom, second-to-bottom, second-to-top, and top quarters). Four dummy variables, 

which indicate whether students belong to each quarter are generated. We then interact four 

dummies with MS and MSR. Therefore, eight interaction terms are created. Individual controls 

and school-by-grade fixed effects are added. Standard errors are clustered at the class level. 

Table A3 reports the estimated results. Column 1 shows that students in the lower and upper 

middle reap significant score gain in their average scores from the MSR intervention. The MSR 

effects are 0.17σ (s.e.=0.104) and 0.1σ (s.e.=0.059), respectively. However, students in the 

upper middle and top quarters gain little from the MSR intervention. Column 2 shows that for 

Chinese language scores, the MSR intervention cannot alter scores of students in each of the 

quartiles. Column 3 shows that for mathematics, the magnitudes of the MSR effects among 

low- and middle-ability students are positive and statistically significant. For example, for the 

bottom three quarter students, the estimated MSR effects are 0.22σ (s.e.=0.129), 0.15σ 

(s.e.=0.08), and 0.21 (s.e.=0.092), respectively. For the top-quarter students, their score gain in 

mathematics is the smallest and insignificant. To sum up, our results indicate that the complete 

mixed-seating strategy accompanied by incentivized high-ability deskmates is effective for 

mathematics and the low- and middle-ability students. Despite the heterogeneity observed in 

the MSR effects between students in the bottom and top quartiles, the p-values of the F-test of 

whether the MSR effect in the bottom-quarter students is the same as the effect in each of the 

other three quarters show that they are not significantly different. Besides, the effects of 

interaction between the MS and student ability on all subjects are small and insignificant. 

33  The specification is as follows: 𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 = 𝛽𝛽0 + 𝛽𝛽1𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑧𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 + 𝛾𝛾1𝑀𝑀𝑀𝑀𝑖𝑖𝑖𝑖𝑖𝑖 ∙ 𝑄𝑄𝑖𝑖𝑖𝑖𝑖𝑖 + 𝛾𝛾2𝑀𝑀𝑀𝑀𝑀𝑀𝑖𝑖𝑖𝑖𝑖𝑖 ∙ 𝑄𝑄𝑖𝑖𝑖𝑖𝑖𝑖 +
𝑋𝑋𝑖𝑖𝑖𝑖𝑖𝑖Γ+ 𝜂𝜂𝑔𝑔 + 𝜀𝜀𝑖𝑖𝑖𝑖𝑖𝑖 , where Qijg is a column vector that indicate the initial quartile of the student’s baseline score distribution. 
γ1 and γ2 are two row vectors to be estimated. We consider this equation in which the two treatment variables are interacted 
with the initial quartile of the baseline score to determine whether student test scores can vary with student’s initial cognitive 
ability. 
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Table A3. Non-linear Effects of the Interventions on Test Scores in the Entire Sample 

  Average score   Chinese score   Mathematics score  
  (1)   (2)   (3) 

(1) Bottom quarter×MS 0.047  −0.152  −0.067 
 [0.106]  [0.101]  [0.128] 
(2) Second-to-bottom quarter×MS −0.017  −0.065  −0.028 
 [0.081]  [0.066]  [0.102] 
(3) Second-to-top quarter×MS −0.056  0.007  −0.043 
 [0.062]  [0.050]  [0.083] 
(4) Top quarter×MS −0.052  0.006  0.091 
 [0.069]  [0.052]  [0.102] 
(5) Bottom quarter×MSR 0.173*  −0.132  0.216* 
 [0.104]  [0.085]  [0.129] 
(6) Second-to-bottom quarter×MSR 0.102*  −0.051  0.152* 
 [0.059]  [0.065]  [0.080] 
(7) Second-to-top quarter×MSR 0.103  0.038  0.210** 
 [0.068]  [0.052]  [0.092] 
(8) Top quarter×MSR −0.020  0.059  0.098 

 [0.077]  [0.071]  [0.084] 
Controls Yes  Yes  Yes 
p-value of total MS effect=0 0.824  0.585  0.671 
p-value of total MSR effect=0 0.255  0.588  0.172 
p-value of MSR effect (bottom quarter=upper middle 
quarter) 0.393  0.358  0.592 

p-value of MSR effect (bottom quarter=lower middle 
quarter) 0.540  0.104  0.964 

p-value of MSR effect (bottom quarter=top quarter) 0.210  0.129  0.503 

Observations 1,802  1,802  1,802 
Notes: This table reports the nonlinear treatment effects of the MS and MSR interventions on students’ endline average scores and Chinese and 
mathematics test scores. A group of dummies indicating the quartile of the student’s baseline score distribution is interacted with two treatment 
variables. We estimate the nonlinear treatment effect using the entire sample (1,802 students). Controls include the corresponding baseline scores, 
gender, age, height, hukou registration status, minority, father’s education, mother’s education, and whether the student’s household has a computer 
or a car. Robust standard errors clustered at the class level are presented in brackets. 

* Significant at the 10% level. 
**Significant at the 5% level. 
***Significant at the 1% level. 
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Table A4. Effects of Interventions on Friendship Ties 
 Estimated coefficient p-value 
 (1) (2) 

Lower track 0.012** (0.02) 

MS×Lower track –0.002*** (0.01) 

MSR×Lower track –0.005*** (0.01) 

MS 0.006*** (0.01) 

MSR 0.005** (0.03) 

Male –0.001** (0.05) 

Age 0.006*** (0.01) 

Height (inch) –0.013 (0.24) 

Weight (kg) 0.006 (0.12) 

Non-minority (yes=1) 0.003 (0.73) 

Hukou registration status (urban hukou=1) 0.000 (0.95) 

Interest in Chinese (yes=1) 0.007*** (0.01) 

Interest in mathematics (yes=1) 0.003 (0.13) 

Father’s education (# of years) 0.001 (0.68) 

Mother’s education (# of years) 0.006** (0.04) 

Student’s household has a computer (yes=1) 0.007*** (0.00) 

Student’s household has a car (yes=1) –0.001 (0.53) 

Dyad 1,622,701  
Notes: This table reports the estimates of the effects of the similarity of characteristics of two students on the probability of students who can be 
friends. We run OLS regression on the dyadic data, which are obtained by pairing each individual with other students to finalize a dataset. Each 
observation of the data represents a pair of students. The dependent variable is a dummy, which takes a value of 1 if a pair of students are friends 
(including A nominates B as friends or vice versa). The independent variables are a set of dummies indicating whether pairs of students have the 
same characteristics (i.e. both belong to the lower track, its interactions with MS and MSR, both receive MS or MSR treatment, have the same 
gender, height, weight, race, hukou registration status, parental educational level, both have a computer or a car, and both are interested in Chinese 
or mathematics). P-values are obtained by permuting network 500 times and reported in the parentheses. 

* Significant at the 10% level. 
**Significant at the 5% level. 
***Significant at the 1% level. 
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Table A5. Effects of Interventions on the Fraction of Upper-Track Students in one’s Friend Network 
 Relatively low-achieving 

students  
 Relatively high-achieving 

students  
 (1)  (3) 

MS 0.034*  0.023 
 [0.020]  [0.024] 

MSR 0.062***  0.039* 
 [0.024]  [0.022] 

Controls Yes  Yes 
p-value of the effect (MS=MSR) 0.212   0.430 
Mean of the dependent variable for students in control classes –0.058  –0.035 
Observations 901  901 
Notes: This table reports the regression estimates of treatment effects of MS and MSR interventions on the fraction of upper-track students in one’s 
friend network. The dependent variable is the first-difference of the fraction of upper-track students in one’s friend network. The sample is divided 
into subsamples according to the relative baseline score of two students sharing the same desk [The relatively high-performing (low-performing) 
students of the deskmates are the upper-track (lower-track) students in the treatment classes, but this may not be the case in the control classes]. All 
specifications include school-by-grade fixed effects. Controls include gender, age, height, hukou registration status, minority, father’s education, 
mother’s education, and whether the student’s household has a computer or a car. Robust standard errors clustered at the class level are presented 
in brackets. 

* Significant at the 10% level. 
**Significant at the 5% level. 
***Significant at the 1% level. 
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Table A6. Effects of Interventions on the Students’ Endline Cognitive and Non-cognitive Performance (Considering Student Centrality) 
  Average score Chinese Mathematics Extraversion Agreeableness Openness Neuroticism Conscientiousness 
  (1) (2) (3) (4) (5) (6) (7) (8) 
Panel A. Lower-track students 
MS×In-degree centrality 0.021 0.018 0.011 0.088 0.110 0.043 –0.000 0.093 

 [0.013] [0.015] [0.013] [0.146] [0.217] [0.103] [0.117] [0.154] 
MSR×In-degree centrality –0.014 –0.022 –0.015 0.032 0.030 0.161 0.049 –0.061 

 [0.016] [0.017] [0.022] [0.143] [0.216] [0.114] [0.144] [0.154] 
MS –0.062 –0.089 –0.043 0.250 1.110 –0.061 0.947 0.505 

 [0.107] [0.082] [0.129] [1.064] [1.426] [0.776] [0.953] [1.062] 
MSR 0.182 0.060 0.287** 2.251** 2.518* 0.758 0.406 1.563 

 [0.109] [0.082] [0.134] [0.938] [1.343] [0.962] [0.895] [1.061] 
Controls Yes Yes Yes Yes Yes Yes Yes Yes 
Observations 901 901 901 901 901 901 901 901 
         
Panel B. Upper-track students 
MS×In-degree centrality –0.000 0.006 –0.009 0.077 0.212* 0.067 0.043 0.035 

 [0.007] [0.007] [0.009] [0.083] [0.117] [0.074] [0.087] [0.112] 
MSR×In-degree centrality –0.005 0.002 –0.013 –0.135 0.095 –0.053 –0.055 –0.065 

 [0.009] [0.008] [0.012] [0.087] [0.091] [0.079] [0.094] [0.102] 
MS –0.069 –0.084 –0.003 –1.353 –1.584 –0.542 0.285 –0.328 

 [0.069] [0.053] [0.097] [0.916] [1.262] [0.556] [0.729] [1.020] 
MSR 0.073 –0.003 0.171* 2.491*** 1.856 0.746 0.195 1.060 

 [0.075] [0.060] [0.098] [0.829] [1.154] [0.630] [0.741] [0.931] 
Controls Yes Yes Yes Yes Yes Yes Yes Yes 
Observations 901 901 901 901 901 901 901 901 

Notes: This table reports the regression estimates of treatment effects of the MS and MSR interventions on student’s endline cognitive and non-cognitive performance. In-degree centrality is the number of other students 
who nominate an individual as a friend. Controls include the corresponding baseline performance, in-degree centrality, gender, height, age, hukou registration status, minority, father’s education, mother’s education, and 
whether the student’s household has a computer or a car. Robust standard errors clustered at the class level are presented in brackets. 

* Significant at the 10% level. 
**Significant at the 5% level. 
***Significant at the 1% level. 
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Table A7. Items from Student Evaluation of the Class Head Teacher 

Item domain Item statement Answer scale 
Learning instruction He looks impatient when I ask him questions. (R) 1(rarely)–4(often) 
 He criticizes me when I cannot solve math problems well. (R) 1(rarely)–4(often) 
 He praises me when I make progress in my study. 1(rarely)–4(often) 
 He patiently gives answers when I ask him questions. 1(rarely)–4(often) 
 I feel he does not concern about my learning. (R) 1(rarely)–4(often) 
Daily care I feel he does not care too much about my existence. (R) 1(rarely)–4(often) 

 
He praises me when I do well in other things except in 
studying. 1(rarely)–4(often) 

 He criticizes me when I do not do well. (R) 1(rarely)–4(often) 
 He is very concerned about my feelings. 1(rarely)–4(often) 
 He communicates with me. 1(rarely)–4(often) 
 I feel that he does not pay attention to me. (R) 1(rarely)–4(often) 
 He is very friendly to me. 1(rarely)–4(often) 
Fairness He shows partiality to some students. (R) 1(rarely)–4(often) 
 He despises me because of my dress. (R) 1(rarely)–4(often) 
 He despises me because of my appearance. (R) 1(rarely)–4(often) 
 He despises me because of my family background. (R) 1(rarely)–4(often) 
 He scores fairly. 1(rarely)–4(often) 
  He does not distinguish between boys and girls. 1(rarely)–4(often) 

Notes: The class head teacher of the respondent is referred to as “he” in the questionnaire. “(R)” indicates the reverse-scored item, which 
negatively assesses teachers. 
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Table A8. Effects of Interventions on Student Evaluations on Teacher Behaviors 

  Learning instruction   Daily care   Fairness 

 
Lower- 
track 

Upper- 
track 

 Lower- 
track 

Upper- 
track 

 Lower- 
track 

Upper- 
track 

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

MS −0.069 −0.078  −0.127 −0.023  0.053 0.180 
 [0.159] [0.137]  [0.138] [0.146]  [0.174] [0.164] 
MSR −0.013 0.012  −0.060 0.112  −0.019 −0.119 
 [0.188] [0.161]  [0.150] [0.160]  [0.140] [0.152] 
Controls Yes Yes  Yes Yes  Yes Yes 
p-value of intervention (MS=MSR) 0.754 0.573  0.643 0.407  0.668 0.091 

Mean of the dependent variable for students in control classes 0.076 0.013  0.080 −0.031  0.046 −0.077 
Observations 901 901  901 901  901 901 
p-value of MS intervention (lower-track=upper-track) 0.824  0.479  0.321 
p-value of MSR intervention (lower-track=upper-track) 0.896   0.164   0.371 

Notes: This table reports the regression estimates of treatment effects of MS and MSR interventions on student evaluation on teacher 
behavior regarding the three domains, including learning instruction, daily care, and fairness. The dependent variable is the first-difference 
of each of the evaluation on teacher behavior before and after the experiment. All specifications include school-by-grade fixed effects. 
Controls include the corresponding outcome variable measured in the baseline survey, gender, age, height, hukou registration status, 
minority, father’s education, mother’s education, and whether the student’s household has a computer or a car. Robust standard errors 
clustered at the class level are presented in brackets.  

* Significant at the 10% level. 
**Significant at the 5% level. 
***Significant at the 1% level. 
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Table A9. Peer Effects and Teacher Quality 

  Estimation for MS classes   Estimation for MSR classes 

 
Average 
z-scores 

Extra-
version 

Agree-
ableness Openness Neuro-

ticism 
Conscientio-

usness  
Average z-

scores 
Extra-
version 

Agree-
ableness Openness Neuro-

ticism 
Conscientio-

usness 

  (1) (2) (3) (4) (5) (6)   (7) (8) (9) (10) (11) (12) 

Panel A. Lower-track students 
Deskmate’s baseline 
performance –0.011 0.012 –0.033 –0.114 0.007 0.031  0.093 0.275** 0.136** 0.126** –0.018 –0.033 

 [0.162] [0.035] [0.045] [0.072] [0.058] [0.064]  [0.057] [0.121] [0.049] [0.060] [0.081] [0.044] 
Deskmate’s baseline 
performance×Teacher with a 
bachelor degree 

–0.022 0.153 –0.079 0.189 0.055 0.038  –0.003 –0.243 –0.087 –0.109 –0.298 0.077 

 [0.204] [0.185] [0.088] [0.111] [0.155] [0.136]  [0.135] [0.189] [0.076] [0.101] [0.185] [0.064] 
Class-by-height group fixed 
effect Yes Yes Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes 

Controls Yes Yes Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes 

Observations 317 317 317 317 317 317  297 297 297 297 297 297 

 
             

Panel B. Upper-track students 
Deskmate’s baseline 
performance –0.035 0.049 0.094 0.077 0.075 0.104  0.047 0.083 0.177* –0.073 0.045 –0.030 

 [0.037] [0.047] [0.064] [0.040] [0.049] [0.069]  [0.042] [0.085] [0.101] [0.065] [0.064] [0.081] 
Deskmate’s baseline 
performance×Teacher with a 
bachelor degree 

0.007 0.018 –0.045 –0.091 0.067 –0.053  –0.101 0.196 –0.063 –0.073 0.017 0.060 

 [0.078] [0.162] [0.134] [0.093] [0.105] [0.123]  [0.109] [0.172] [0.129] [0.164] [0.053] [0.115] 
Class-by-height group fixed 
effect Yes Yes Yes Yes Yes Yes 

 
Yes Yes Yes Yes Yes Yes 

Controls Yes Yes Yes Yes Yes Yes  Yes Yes Yes Yes Yes Yes 

Observations 317 317 317 317 317 317   297 297 297 297 297 297 
Notes: This table reports estimated results to test whether the deskmate-level peer effects vary by teacher quality. A peer is defined as one’s deskmate. The outcome variables are the student’s endline average scores (columns 
1 and 7) or Big Five personality traits (columns 2–6 and 8–12). The estimated equation is similar to Equation (3) except that we include the interaction between deskmate’s cognitive/non-cognitive abilities and teacher 
quality. Teacher quality is measured by a dummy indicating whether the class head teacher has a bachelor’s degree. Controls include teacher quality, gender, age, height, hukou registration status, minority, father’s education, 
mother’s education, and whether the student’s household has a computer or a car. Robust standard errors clustered at the class level are presented in brackets.  

* Significant at the 10% level. **Significant at the 5% level. ***Significant at the 1% level.  
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Table A10. Effects of Interventions on the Students’ Endline Performance (Corrected Standard Error) 

  Average score Chinese score Mathematics 
score Extraversion Agreeableness Openness Neuroticism Conscientiousness 

  (1) (2) (3) (4) (5) (6) (7) (8) 

Panel A. Lower-track student 
MS 0.013 −0.020 −0.004 0.575 1.095 −0.379 0.963 0.883 

 (−0.162, 0.188) (−0.162, 0.126) (−0.221, 0.407) (−1.129, 2.234) (−1.216, 4.266) (−1.449, 1.487) (−0.475, 2.445) (−0.942, 2.635) 

MSR 0.139 −0.009 0.242 2.341 2.610 0.805 0.550 1.358 
 (−0.036, 0.294) (−0.183, 0.065) (0.012, 0.494) (0.601, 4.049) (−0.141, 5.494) (−0.365, 2.646) (−0.967, 2.037) (−0.518, 3.152) 

Controls Yes Yes Yes Yes Yes Yes Yes Yes 

Observations 901 901 901 901 901 901 901 901 
         

Panel B. Upper-track student 
MS −0.063 −0.051 −0.031 −0.086 0.260 −0.176 0.483 −0.129 

 (−0.178, 0.056) (−0.137, 0.037) (−0.208, 0.236) (−2.412, 0.575) (−2.943, 1.591) (−1.089, 0.683) (−0.803, 1.871) (−1.732, 1.598) 

MSR 0.045 0.004 0.109 1.911 2.327 −0.659 −0.016 0.766 
 (−0.066, 0.168) (−0.081, 0.097) (−0.036, 0.333) (0.555, 3.578) (0.074, 4.698) (−0.312, 1.489) (−1.266, 1.410) (−0.746, 2.653) 

Controls Yes Yes Yes Yes Yes Yes Yes Yes 

Observations 901 901 901 901 901 901 901 901 
Notes: This reports the treatment effects of the MS and MSR interventions on students’ endline average test scores and non-cognitive abilities using the corrected standard errors. We obtain Moulton standard error, which 
is then magnified by �𝐾𝐾(𝐾𝐾 − 1), where K is the number of classes. Panel A reports the estimated results for lower-track students and Panel B reports the estimated results for upper-track students. The estimated equation 
is specified by Equation (2). The 95% confidence intervals are reported in parentheses. Controls include the baseline score of the corresponding outcome variable, gender, age, height, hukou registration status, minority, 
father’s education, mother’s education, and whether the student’s household has a computer or a car. 
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Figure A1. Typical Desk in Chinese Elementary Schools 
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Figure A2. Density Distributions of the Baseline Test Scores  
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Figure A3. Structure of Student Networks in a Selected Class with the MSR Intervention 

Notes: This figure presents a picture of the friend networks between low- and high-ability students in a 
selected MSR class. The figure on the left shows the pattern before the treatment, while the figure on 
the right shows the pattern after the treatment. A red dot indicates an upper-track student, whereas a 
blue dot represents a lower-track student. The size of the dot means the number of other students who 
nominate this student as a friend. Dots closer to the center indicate that the student’s baseline 
achievement is closer to the class median baseline score. Clear evidence that can be found in the left 
figure is that students with similar abilities are likely to group together: the red lines dominate the top 
semi-cycle, indicating that upper-track students mostly select upper-track students as friends; similarly, 
the blue lines dominate the bottom semi-cycle, indicating that lower-track students mostly select lower-
track students. In comparison, the right figure shows that blue lines in the top semi-cycle (red area) 
increase considerably, implying that more low-ability students select high-ability students as friends 
after the treatment. 
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