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Abstract

This paper evaluates how sharing a kindergarten classroom with low-
achieving repeaters affects the long-term educational performance of reg-
ular first-time kindergarten students. Exploiting random assignment of
teachers and students to classes in Project STAR, I document three sets of
causal impacts: students who are exposed to repeaters (1) score lower on a
standardized math test at the end of kindergarten, an effect that fades out
in later grades; (2) show persistent improvements in non-cognitive skills
such as effort and discipline; and (3) are more likely to graduate from high
school and to take a college entrance exam around the age of eighteen. I
argue that the positive spillovers on long-term educational attainment are
driven by the differential accumulation of non-cognitive skills by repeater-
exposed students during childhood. Results are consistent with the hy-
pothesis that the improvements in these skills are driven by behavioral
adjustments of teachers to the presence of repeaters in the classroom.
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1. Introduction

A large academic literature studies the effects of class composition on

student performance in school. Papers in this literature have generally

found positive impacts from sharing a classroom with higher-achieving and

better-behaved peers (e.g. Hoxby, 2000; Burke and Sass, 2013; Sojourner,

2013) and corresponding negative impacts from sharing a classroom with

low-achieving or disruptive peers (e.g. Figlio, 2007; Carrell and Hoekstra,

2010; Lavy, Silva, and Weinhardt, 2012). The vast majority of these pa-

pers has focused exclusively on short-term spillovers on contemporaneous

outcomes, such as the effect of kindergarten classmates on test scores at

the end of kindergarten. However, in order to judge the overall efficacy of

policies that change the student composition of classes and schools, it is

important to know how such spillovers play out in the long term.

In this paper, I study how sharing a kindergarten classroom with low-

achieving repeaters affects the long-term educational performance of regu-

lar, first-time kindergarten students. The empirical analysis uses data from

the Tennessee Student-Teacher Achievement Ratio experiment (Project

STAR), which are uniquely suited for this purpose for three reasons. First,

the data allow me to identify kindergarten repeaters as a particularly low-

achieving group of peers: by definition, these students have a proven track

record of failure, and as I show below, they are characterized by excep-

tionally low cognitive and non-cognitive skills. Second, Project STAR ran-

domly assigned teachers and students, including repeaters, to classes within

schools. This lets me estimate causal spillover effects from repeaters that

are free from selection bias. Finally, the data contain a rich set of medium-

and long-term outcomes for students, including measures of non-cognitive

skills, high school graduation, and college-test taking.

The main empirical specifications relate regular students’ exposure to

repeaters in kindergarten, measured as being randomly assigned to a class

containing at least one repeater, to their educational performance at dif-

ferent points in time.1 Being exposed to repeaters significantly lowers

students’ performance on a standardized math test at the end of kinder-

1I use the terms “regular student,” “non-repeating student,” and “first-time kinder-
garten student” interchangeably throughout the paper.
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garten, a result which corroborates previous findings of negative short-term

spillovers from low-achieving peers. In contrast, repeater exposure substan-

tially increases students’ non-cognitive skills such as effort and discipline,

which are first measured at the beginning of fourth grade. While the neg-

ative impact on math scores fades out and, if anything, turns positive over

time, the gains in non-cognitive skills persist. Consistent with these last

results, students who share a kindergarten classroom with repeaters show

improved long-term educational attainment as evidenced by higher propen-

sities to graduate from high school and to take a college entrance exam.

In additional analyses, I explore the mechanisms behind these results.

Motivated by recent findings that non-cognitive skills formed early in life

are a key determinant of long-term educational success (e.g. Heckman,

Stixrud, and Urzua, 2006), I argue that the positive spillovers on high

school graduation and college-test taking are driven by the differential ac-

cumulation of such skills by repeater-exposed students. As for how exactly

sharing a classroom with repeaters boosts non-cognitive skills, the experi-

mental setup and detailed longitudinal data let me rule out a wide range

of potential explanations that involve selection of students into classes or

schools, selective attrition, or differential access to educational resources.

As an alternative mechanism, I suggest that teachers, students, or parents

may change their behavior in response to the presence of low-achieving

repeaters. For example, teachers whose classes are frequently disrupted

by repeaters may focus on teaching students good classroom behavior and

study skills at the cost of kindergarten math skills. While this explanation

receives some support from the educational psychology literature, the data

do not allow me to test it directly.

This paper contributes to a large literature on peer effects in schools,

which is reviewed in detail in Sacerdote (2011). This literature includes

studies based on Project STAR, most notably by Whitmore (2005), who ex-

amines the effects of classroom gender composition, and by Graham (2008)

and Sojourner (2013), who investigate spillovers from peers’ academic abil-

ity. It also contains a few recent papers which document negative spillovers

from repeaters on their classmates’ educational achievement (Lavy, Paser-

man, and Schlosser, 2012; Gottfried, 2013; Hill, 2014). All these studies,

like most of the research on peer effects, focus exclusively on short-term im-
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pacts. As rare exceptions to this norm, Gould, Lavy, and Paserman (2009)

show that sharing a fifth-grade classroom with immigrants affects the like-

lihood of natives to graduate from high school in Israel, and Cascio and

Schanzenbach (2016) analyze how the average age of students’ kindergarten

classmates affects long-term educational outcomes in Project STAR.2

The main contribution of this paper is to provide the first evidence

on long-term spillovers from low-achieving childhood peers, and some of

the first evidence on long-term peer effects more generally. Studying these

early spillovers is particularly important because kindergarten students are

at an age where both cognitive and non-cognitive skills are still highly mal-

leable (Kautz et al., 2014). Moreover, the long-term impacts examined

here are arguably more relevant than short-term effects for the evaluation

of policies, as they may translate more directly into changes in labor mar-

ket outcomes. The importance of investigating such long-term impacts is

further highlighted by the finding that short- and long-term effects do not

necessarily go in the same direction.

The remainder of this paper is organized as follows. In the next section,

I review the experimental design of Project STAR and summarize my data

construction. Section 3 details the identification strategy and presents ev-

idence on the random assignment of repeaters. In Section 4, I analyze the

effect of repeater exposure in kindergarten on regular students’ short- and

long-term outcomes. Section 5 discusses potential underlying mechanisms

and Section 6 presents results from robustness checks. Section 7 concludes.

2. The STAR experiment and data

2.1. Background on Project STAR

Project STAR was a randomized experiment designed to study the ef-

fects of class size on student achievement. In the beginning of the 1985-

86 school year, 6,325 kindergarten students in 79 participating Tennessee

2This paper is also related to a study by Chetty et al. (2011), which shows that
kindergarten class fixed effects predict earnings at ages 25-27 of participants in Project
STAR. As the authors of that study note, these “class effects” combine the impacts of
peers, teachers, and any other class-level shocks and therefore cannot be interpreted as
pure peer effects. This paper moreover connects to two studies by Bifulco, Fletcher, and
Ross (2011) and Black, Devereux, and Salvanes (2013), which examine spillovers from
high school peers on longer-term educational and labor market outcomes.
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schools were randomly assigned to small classes (target size 13-17 students)

or regular-sized classes (22-25 students) within their schools.3 They were

supposed to stay in their assigned class type (small versus regular-sized)

until the end of third grade, after which the experiment ended and they

would return to ordinary classes. Students that joined the initial cohort

in participating schools after the kindergarten year were also randomly

assigned to class types, as were teachers in each grade.

This study exploits the fact that kindergarten students and teachers

were randomly assigned not only to class type, but also to a particular

class within each type (50 schools in the experiment had multiple classes

per type). While assignment to classes was not documented in detail in

the STAR Technical Report (Word et al., 1990), several recent studies

provide extensive evidence supporting randomization (Chetty et al., 2011;

Sojourner, 2013; Cascio and Schanzenbach, 2016). Section 3 revisits some

of this evidence and provides new statistical support for the claim that

repeaters were randomly assigned to kindergarten classes within schools.

The eventual implementation of Project STAR deviated somewhat from

the original experimental plan, with three differences being particularly

important in the context of this paper. First, as the initial cohort advanced

from kindergarten to third grade, there was substantial attrition due to

students moving to other schools or being retained in grade. Thus, by the

time the cohort reached third grade, 49% of students who had participated

in the experiment in kindergarten had left the sample. In Section 5, I

provide evidence that this attrition was not related to exposure to repeaters

during kindergarten and therefore does not drive my long-term results.

Second, while compliance with treatment assignment was nearly perfect

in kindergarten, approximately 10% of students managed to switch between

small and regular-sized classes in each of the subsequent grades (Krueger,

1999). Due to the focus on spillovers from repeaters in kindergarten, non-

compliance with class assignment in the later grades does not affect the

(reduced-form) causal interpretation of results in this paper. Nevertheless,

3There was also a third class type: regular-sized classes with a full-time teacher’s
aide. Like previous analyses of Project STAR, I do not find any differences in treatment
effects between regular-sized classes with and without a full-time teacher’s aide.
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below I also present evidence that students did not systematically change

to better classes after being exposed to repeaters in kindergarten.

Finally, because of complaints by some parents about their children’s

initial assignment, students in regular-sized classes were re-randomized at

the beginning of first grade. This feature of the experiment, as well as the

attrition and class switching described above, changes the total amount of

time that students spent in class with a kindergarten repeater. In turn,

this affects the interpretation of the repeater-exposure treatment, a point

that I discuss in more detail in the following Subsection.4

2.2. Variable definitions

Data for students participating in Project STAR were collected by var-

ious research teams and organizations both during the experiment and in

several rounds after the experiment ended. The Project STAR public use

file, on which the empirical analysis below is based, combines these data

such that students can be followed throughout their scholastic careers until

the end of high school.5 This subsection gives a brief overview of the main

dependent and independent variables used in the empirical analysis. On-

line Appendix A provides additional details on data collection procedures

and the construction of variables.

2.2.1. Demographic characteristics

The data contain information on students’ gender, race, eligibility for

free or reduced-price lunch, and exact date of birth. Children in Ten-

nessee are supposed to enter kindergarten if they are five years or older on

September 30 of a given year, and I use this rule to construct an old-for-

grade indicator which takes value 1 if the student was six years or older on

September 30, 1985, and 0 otherwise. Students in Project STAR may be

old for grade either because they entered school late (the so-called “red-

shirting”) or because they were repeating kindergarten.6

4Additional details regarding the design and implementation of Project STAR can
be found in Word et al. (1990), Krueger (1999), and Finn et al. (2007).

5Data on some of the outcomes studied in this paper were generously provided to
me by Diane Schanzenbach; see Online Appendix A for details.

6See Deming and Dynarski (2008) for an analysis of the red-shirting phenomenon in
the United States.
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2.2.2. Kindergarten repeaters

The data include an indicator for whether each student was repeating

kindergarten in the 1985-86 school year. There are 253 repeaters in the

sample, 193 of whom are old for grade. Note that all repeaters would be

expected to be old for grade if they had entered kindergarten in accor-

dance with Tennessee’s school entry rules during one of the previous school

years. Therefore, the 60 repeaters who were not old for grade must have

entered school early. The empirical analysis below focuses on spillover ef-

fects from the 193 old-for-grade repeaters, who first entered kindergarten

at the regular entry age. While the data do not contain information on the

exact reason for their retention, these students had likely been identified

by principals or teachers as having cognitive or behavioral deficiencies that

would have put them at a disadvantage had they been promoted to first

grade. The same is not necessarily true for the 60 other repeaters, who may

have stayed in kindergarten only because they were too young to enter first

grade.7

2.2.3. Repeater exposure

Figure 1 shows the distribution of repeaters across classes in the 60

schools with at least one repeater.8 126 of the 254 classes contain no re-

peater, 81 contain exactly one repeater, and only 47 contain two or more

repeaters. In view of this heavily skewed distribution, the main specifica-

tions of the empirical analysis will distinguish just between classes with and

without repeaters. In Section 6, I also present estimates from alternative

specifications in which I measure repeater exposure as the actual number of

7Children are required to be six years old on September 30 of the year they start
first grade. This rule was likely enforced more strictly than the kindergarten entry rule
since kindergarten attendance was not mandatory in Tennessee at the time of Project
STAR. Empirically, the 60 “young” repeaters come from more favorable demographic
backgrounds and exhibit better cognitive and non-cognitive outcomes than the 193 old-
for-grade repeaters. If all 253 repeaters are used as treatment in the empirical analysis,
the estimated spillover effects are usually smaller than the ones reported in the paper.

8The other 19 schools without repeaters do not contribute to the identification of
spillover effects in this paper, which is based on between-class variation in the number of
repeaters within schools. Compared to schools without repeaters, schools with repeaters
are slightly smaller (average enrollment of 73 students versus 83 students), are less likely
to be located in the inner city (12% versus 47% of schools), and contain lower fractions
of black students (20% versus 61%) and low-income students (41% versus 67%).
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repeaters in class, or as the share of repeaters in class. Results from these

regressions suggest that outcomes are similar for students who are exposed

to one or to several repeaters, which implies that the main specifications

using a dummy variable for the presence of at least one repeater in class

do not unduly miss heterogeneous treatment effects.

An important question for the interpretation of results is whether the

spillovers on long-term outcomes documented in this paper arise from expo-

sure to repeaters during kindergarten or from exposure over a longer time

horizon. If all children had stayed in their assigned kindergarten classes

until the end of the experiment, regular students would have been exposed

to repeaters either for four years or not at all until third grade. In prac-

tice, however, due to the various deviations from the original experimental

design described above, students who were exposed to repeaters in kinder-

garten and who had not left the experiment by third grade ended up being

in class with at least one of these repeaters for 2 years on average, whereas

students not exposed to repeaters in kindergarten ended up being in class

with repeaters for an average of 0.6 years.9 The treatment studied in this

paper thus consists of exposure to repeaters during kindergarten and an

additional six months of differential exposure during grades 1-3.

2.2.4. Outcomes

At the end of each grade level from kindergarten through third grade,

students were administered the grade-appropriate version of the Stanford

Achievement Test. Moreover, in the spring of grades 5-8, all participants

still attending public school in Tennessee took the Comprehensive Test of

Basic Skills as part of a statewide student assessment program. Both tests

are standardized multiple-choice assessments with components in mathe-

matics and reading. The empirical analysis below studies the effects of

9These figures come from a regression of cumulative years of exposure at the end
of third grade on a constant, an indicator for repeater exposure in kindergarten, and
school fixed effects. Further analysis showed that cumulative years of exposure are very
similar for students assigned to small and to regular-sized kindergarten classes. Note
that these figures measure exposure to the 193 original repeaters for students who did
not attrit from the experiment. A complete history of exposure to any repeaters cannot
be determined for participants in Project STAR because class composition is no longer
observed for students who leave the experiment and because repeater status was not
recorded for students who entered the experiment after kindergarten.
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repeater exposure in kindergarten on student performance on these tests

at each grade level.

In November 1989, when participants were in fourth grade, teachers in

the STAR schools were asked to evaluate a random subset of their stu-

dents on a set of behavioral measures. Teacher ratings were recorded on

a scale from 1-5 and were consolidated into four indices. The effort index

is based on such items as whether a student completes her homework and

whether she is persistent when confronted with difficult problems. The

initiative index captures such characteristics as whether a student actively

participates in classroom discussions. The value index measures how much

a student appreciates the school learning environment. Finally, the disci-

pline index is based on such items as whether a student often acts restless

and whether she interferes with her peers’ work. In eighth grade, math

and English teachers were asked to rate a different random subset of STAR

participants on similar questions, the answers to which were consolidated

into the same four indices. The total of eight fourth- and eighth-grade in-

dices derived from teacher ratings serve as measures of non-cognitive skills

in the empirical analysis below.

Most STAR participants graduated from high school in 1998, and tran-

scripts including information on high school grade point average (GPA)

and graduation status were collected from selected high schools in 1999

and 2000. Colleges and universities in the United States typically require

applying students to report results from either the ACT or the SAT test. In

1998, Krueger and Whitmore (2001) matched all STAR students to the ad-

ministrative records of the two companies responsible for these tests. The

outcome of this process is an indicator that takes value 1 if a student took

either of these college entrance exams in 1998 and 0 otherwise. Together,

high school GPA, high school graduation, and college-test taking are the

measures of long-term educational attainment studied in this paper.

2.3. Sample selection and descriptive statistics

The full sample includes 6,325 kindergarten students in 127 small and

198 regular-sized classes in 79 schools. I exclude 28 students for whom

repeater status is not observed and five students with missing demographic

characteristics from this sample. I further drop the 60 repeaters who are not
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old for grade as they had likely been in class with one of the old-for-grade

repeaters during the previous (1984-85) school year and are thus subject

to a fundamentally different treatment. The final estimation sample thus

consists of 6,232 students, 193 of whom are repeaters. Results in this paper

are robust to relaxing the sample restrictions discussed in this paragraph.

Table 1 reports descriptive statistics for demographic characteristics,

repeater exposure, and key outcome variables separately for non-repeating

and repeating kindergarten students in the estimation sample. Students in

general exhibit lower socioeconomic characteristics than the student pop-

ulations in Tennessee and the United States as a whole because Project

STAR oversampled schools in low-income neighborhoods (Krueger and

Whitmore, 2001). Repeaters are predominantly male and are more likely

to be eligible for free or reduced-price lunch than first-time kindergarten

students. Repeaters are also older than non-repeating students by defini-

tion. Since low-income schools with primarily black student populations

have lower repeater shares on average, repeating students in the sample are

less likely to be black. Finally, only three percent of non-repeating students

are old for grade, which shows that red-shirting was not common in the

schools participating in Project STAR at the time of the experiment.

In order to facilitate easy comparison between the outcomes of regular

students and repeaters, I standardize all test scores and non-cognitive skill

measures to have mean 0 and standard deviation 1 across non-repeating

students in the estimation sample. Table 1 shows that repeaters tend to

perform substantially worse than regular students in school. For instance,

they score half a standard deviation lower on the end-of-kindergarten read-

ing test, and they are rated between a third and a full standard deviation

lower on measures of effort, initiative, value, and discipline.10 These gaps

are comparable in size to those found in the educational psychology lit-

erature, which has attributed repeaters’ poor performance mainly to their

10In unreported regressions, I found that repeaters’ measured cognitive and non-
cognitive skills are also significantly below those of male students, black students, and
students eligible for free or reduced-price lunch. This suggests that by focusing on
repeaters, I may be more successful in identifying truly low-achieving peers than by
simply categorizing students as low achievers based on their demographic background,
an argument that is also made by Lavy, Paserman, and Schlosser (2012).
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low levels of school readiness when entering kindergarten (Karweit, 1999).11

That literature has moreover sustained that repeaters’ initial disadvantages

are exacerbated by retention itself, with grade repetition leading to lower

academic achievement and increased disruptive behavior (e.g. Jimerson,

2001; Pagani et al., 2001). Importantly for this paper, the exceptionally

low cognitive and non-cognitive skills of repeaters might well impact the

learning of their classmates, an issue that I investigate in detail below.

3. Identification strategy

3.1. Identification based on between-class variation in repeater exposure

Identification of spillovers from repeaters in this paper is based on

between-class variation in repeater exposure within schools. The regression

framework, which is described in detail below, thus compares the outcomes

of regular students who attend kindergarten in the same school but who

are randomly assigned to classes with and without repeating schoolmates.

This identification strategy requires that these classes do not systematically

differ from each other in any other dimension. In non-experimental data,

this requirement will not be met if, for example, school principals system-

atically assign low-achieving repeaters to classes with high-achieving other

students or more effective teachers. In contrast, random assignment in

Project STAR ensures that classes with and without repeaters are balanced

on characteristics of regular students and teachers.

One challenge to identification arises because repeater exposure is pos-

itively correlated with class size. In particular, repeaters are more likely to

be observed in regular-sized classes because (i) larger classes are more likely

to contain at least one repeater when students are randomly assigned to

classes, and (ii) the sample contains more regular-sized classes than small

classes.12 Previous analyses of Project STAR have documented large nega-

tive effects of class size on student outcomes (see Schanzenbach (2006) for

11These low levels of school readiness manifest themselves as low levels of cogni-
tive ability, low attention spans, and high levels of emotional and social immaturity.
Like in Project STAR, males, minority students, and students from low socioeconomic
backgrounds have been found to be more likely to repeat a grade in the educational
psychology literature. For a detailed characterization of repeaters, see Karweit (1999).

12Consider, for example, a school with the typical configuration of one small class
of 15 students and two regular-sized classes of 23 students. If this school contains one
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an overview of these findings). Therefore, a regression of student perfor-

mance on repeater exposure that does not control for class size will yield

an estimate that is biased. I avoid such bias by controlling for class size in

all of my regressions. Below, I also present results from specifications that

allow the effects of repeater exposure to vary with class size.

Section 4 reports estimates of the following empirical model:

yics = αs + β1EXPOSUREcs + β2SMALLcs +Xicsγ + εics, (1)

where yics is a kindergarten or long-term outcome for non-repeating student

i randomly assigned to kindergarten class c in school s, EXPOSUREcs is

an indicator for whether student i ’s class contains at least one repeater,

SMALLcs is an indicator for small class in kindergarten, and Xics is a vector

containing the five student demographic characteristics shown in Table 1.

Because random assignment to classes took place within schools, the model

also controls for a vector of school fixed effects (αs).

3.2. Evidence on random assignment of repeaters

The key identification assumption underlying the specification in Equa-

tion 1 is that conditional on class size and school fixed effects, classes

with and without repeaters do not differ systematically in any other di-

mension. Intuitively, this assumption holds here because of the random

assignment of students and teachers to classes in Project STAR. This intu-

ition is supported by evidence from previous analyses of the experimental

data (e.g. Chetty et al., 2011; Cascio and Schanzenbach, 2016), which show

that classes are balanced on a wide range of student, parent, and teacher

characteristics. Here, I complement this evidence by evaluating whether

repeaters were indeed randomly assigned to classes within schools.

As a first test for random assignment, I checked whether the within-

school variation in repeater exposure observed in the data is consistent with

a random allocation process. To that end, I performed a Monte Carlo sim-

ulation in which students were randomly assigned to classes within schools

repeater (the mode among schools with positive numbers of repeaters), this repeater has
a 46/61 probability of being assigned to a regular-sized class and a 15/61 probability of
being assigned to the small class.
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and in which the number and size of classes and the number of repeaters

in each school were based on the actual data. In the simulated data, I

then regressed the number of repeaters in a student’s class on school fixed

effects and collected the residuals; intuitively, these residuals describe the

identifying variation used in the empirical analysis below. Figure 2 plots

the distribution of the residuals from 1,000 replications of this exercise and

from an equivalent regression using the actual data. The two distributions

look very similar to each other, supporting the assumption that repeaters

were randomly assigned to classes within schools.

As a second test for random assignment, I regressed an indicator taking

value 1 if the student is a repeater and 0 otherwise on school and class

fixed effects (omitting one class per school to avoid collinearity). Following

the intuition described in Chetty et al. (2011), if assignment to classes

was indeed random, then class indicators should not predict predetermined

repeater status in this regression. Consistent with this idea, the p-value

from an F -test for joint significance of the class fixed effects was 0.65,

suggesting that repeater status is indeed balanced across classes.13

Finally, I tested whether being exposed to a repeater predicts regular

students’ and teachers’ observable characteristics. To this end, I regressed

each predetermined student and teacher variable on the repeater-exposure

dummy and school fixed effects, with alternative specifications additionally

controlling for class size as in Equation 1. As shown in Appendix Table 1,

the estimated coefficients on repeater exposure were mostly small, and

they were statistically significant at the 10 percent level in only 2 out of 16

regressions (12.5% of cases), close to what would be expected by chance.

These estimates suggest once more that repeaters were indeed randomly

assigned to classes in Project STAR.

13In a similar vein, I ran a separate regression of repeater status on class dummies
for each school and tested for joint significance. Online Appendix Figure B.1 shows
the distribution of p-values from these F -tests. As would be expected under random
assignment, the distribution is roughly uniform with a mean close to 0.5.
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4. Main results

4.1. Effects on end-of-kindergarten test scores

I begin the empirical analysis by estimating the impact of repeater ex-

posure on regular students’ math and reading performance at the end of

kindergarten. These short-term estimates serve as a benchmark for com-

parison with findings from the previous literature and with the estimates

for long-term outcomes reported later on. Column 1 of Table 2 shows

that in a regression of math scores on repeater exposure and small-class

and school dummies, being exposed to repeaters reduces regular students’

math scores by 9% of a standard deviation on average. Column 2 adds con-

trols for students’ demographic background to this regression. Due to the

random assignment of students to classes, these controls do not change the

coefficient estimate for the repeater-exposure treatment, but they slightly

improve its precision. Columns 3 and 4 show the corresponding results for

reading scores. The estimated impact of repeater exposure in these spec-

ifications is also negative, but it is substantially smaller than that in the

math regressions and not statistically significant at conventional levels.14

The finding that repeater exposure decreases test scores in the short

term is in line with the results from the previous literature, which has

documented negative spillovers from low-achieving and disruptive peers

(e.g. Figlio, 2007; Carrell and Hoekstra, 2010; Lavy, Silva, and Weinhardt,

2012). While it is difficult to compare effect sizes across studies with differ-

ent treatments, the impact of repeater exposure on math scores reported

in Table 2 appears relatively large: for example, it is about half the mag-

nitude of the class-size effect. One possible reason for this is that spillovers

from repeaters are greater because they have lower cognitive skills and are

more disruptive than other, more frequently studied low-achieving peers

(see footnote 10). Another possibility is that by measuring repeater expo-

sure at the class level, I better capture real-life interactions than previous

studies, which often define peer groups at the grade-within-school level (see

Burke and Sass, 2013, for a similar argument).

14Larger impacts on math scores than on reading scores are a frequent finding in the
economics of education literature; see Horoi and Ost (2015) for a recent example.
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4.2. Effects on post-kindergarten test scores

Previous analyses of peer effects in schools have focused almost exclu-

sively on contemporaneous impacts like the ones reported in Table 2. In this

paper, I move beyond this short-term perspective by tracking the effects

of repeater exposure in kindergarten throughout students’ entire school ca-

reers. I begin by estimating the impact of repeater exposure on regular

students’ math and reading scores at each grade level from kindergarten

through eighth grade. Panel A of Figure 3 reveals a rapid fade-out of the

negative spillover effect from repeaters on math scores: already one year af-

ter kindergarten, the estimated impact turns slightly positive, and it never

falls below zero again afterwards. Indeed, the magnitude of the repeater-

exposure effect seems to rise over time, culminating in an estimate of a

6.0% of a standard deviation increase in eighth-grade math scores which is

marginally statistically significant. Panel B shows point estimates for read-

ing scores that are qualitatively similar, though generally smaller in size.

Overall, these results point to an interesting pattern of negative impacts

of repeater exposure on test scores in the short term, which then fade out

rapidly and appear to turn positive in the longer term.15

4.3. Effects on non-cognitive skills

A growing literature in economics documents the importance of non-

cognitive skills for success in life and argues that such skills are partly

formed in school (e.g. Heckman, Stixrud, and Urzua, 2006; Chetty et al.,

2011; Heckman, Pinto, and Savelyev, 2012). I analyze the impacts of re-

peater exposure in kindergarten on non-cognitive skills in Table 3. Panels A

and B present results from regressions without and with demographic con-

trols, respectively. In stark contrast to the negative short-term effects on

test scores discussed above, columns 1-4 show large positive spillovers from

repeaters on regular students’ behaviors in fourth grade. The impacts are

particularly pronounced for the effort index, which measures traits such

as persistence and resolution, and the discipline index, which measures

15Figure 3 presents estimates from regressions which control for non-repeating stu-
dents’ demographic characteristics. Regressions which do not include these controls
yield very similar results.
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good classroom behavior. Columns 5-8 reveal that these effects persist into

eighth grade, the second and last point of measurement of these outcomes.

Column 9 shows the estimated effect of repeater exposure on a summary

index of non-cognitive skills. The aggregation of outcomes in this manner

improves statistical power to detect effects that go in the same direction,

and it allows me to present later additional results in a concise way. Fol-

lowing Kling, Liebman, and Katz (2007), I construct the summary index

by first averaging the standardized fourth- and eighth-grade effort, initia-

tive, value, and discipline indices for each student (if non-cognitive skills

are observed in only one of the grades, I use the average of the available

indices). In a second step, I then normalize this average to have mean 0

and standard deviation 1 across non-repeating students. As can be seen in

panel B of Table 3, repeater exposure raises the resulting summary index

by a highly significant 11.7% of a standard deviation. As a point of com-

parison, the gender gap in this index is about half a standard deviation,

and the gaps between black and white students and between students with

and without free-lunch eligibility are about 30% of a standard deviation.16

Thus, sharing a kindergarten classroom with repeaters has a large positive

impact on regular students’ non-cognitive skills.

4.4. Effects on long-term educational attainment

The scholastic outcomes of participants in Project STAR were last

tracked at the end of high school through collection of data on high school

GPA, high school graduation, and college-test taking. Table 4 reports esti-

mates from regressions that relate these measures of long-term educational

attainment to students’ exposure to repeaters in kindergarten. Panels A

and B again present results from regressions without and with demographic

controls, respectively. Focusing on the results in panel B, sharing a class-

room with repeaters raises regular students’ high school GPA by 0.6 on

a scale from 0–100 (column 1) and increaes their propensity to graduate

from high school by 2.1 percentage points (column 2). Strikingly, repeater

exposure also raises students’ likelihood of taking a college entrance exam

16The gender gap in the summary index of non-cognitive skills is notably very similar
to the gender gaps in externalizing behavior and self control reported in Bertrand and
Pan (2013) for a representative sample of fifth-grade students in the United States.

15



by 3.3 percentage points (column 3), which corresponds to a sizeable 8%

increase over the base rate of 41%.

Column 4 shows results from regressions of a summary index of these

three long-term outcomes. To construct this index, I first normalize each

outcome by subtracting its mean and dividing by its standard deviation. I

then take the simple average of all available outcomes for each student, and

normalize it again to have mean 0 and standard deviation 1. The resulting

index should be interpreted as a broad indicator of educational attainment,

as measured around the typical age of high school completion. As can be

seen in Table 4, repeater exposure raises the index by 7.4% of a standard

deviation, an estimate that is highly statistically significant. Thus, being

exposed to repeaters in kindergarten has important benefits for students’

long-term educational attainment.

4.5. Heterogeneity analysis

An interesting question is whether the spillovers from repeaters docu-

mented above affect all students equally. I begin exploring the potential

heterogeneity of effects in Table 5. Panel A reports results from regressions

of four key outcomes in which the repeater-exposure dummy is interacted

with regular students’ demographic characteristics.17 An interesting pat-

tern emerges: students who tend to do worse in school – males, black stu-

dents, and students eligible for reduced-price lunch – appear to suffer larger

initial declines in test scores and experience smaller gains in educational

attainment if exposed to repeaters. However, none of these interactions is

statistically significant at conventional levels.18

To increase statistical power, I combine the five demographic variables

into an index of predicted ability as follows. For each student, I run a

leave-me-out regression of the average of the end-of-kindergarten math and

17For the sake of brevity, Table 5 and subsequent tables present estimates from regres-
sions in which non-cognitive skills and long-term educational attainment are measured
by the respective summary indices. Results for individual long-term outcomes are pre-
sented in Online Appendix B and are discussed in Section 6.

18Results are qualitatively and quantitatively similar if each demographic character-
istic is interacted with repeater exposure in a separate regression, rather than in the
same regression as done in Table 5. I also tested whether the impacts of repeaters differ
by students’ relative age, defined as the difference between own age and classmates’
average age, but found little evidence of such heterogeneity.
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reading scores on these variables. I then compute the fitted values and

standardize them to have mean 0 and standard deviation 1. Panel B of

Table 5 shows results from regressions in which the repeater-exposure treat-

ment is interacted with the thus constructed index of predicted ability. As

expected, the coefficients on the interaction term are always positive, and

they are more precisely estimated than those in panel A. The results show,

for example, that while repeater exposure raises long-term attainment by

6.4% of a standard deviation for students at the mean of predicted ability,

this impact is close to zero (but still positive) for students with predicted

ability one standard deviation below average. Thus, sharing a kindergarten

classroom with repeaters may widen the attainment gap between students

from different demographic backgrounds.

I next investigate whether the effects of repeater exposure differ along

the distributions of four continuous outcomes: end-of-kindergarten and

eighth-grade math scores, the non-cognitive skills index, and high school

GPA. Figure 4 shows results from quantile regressions which reveal that

throughout these distributions, the impacts are qualitatively similar to the

mean effects presented above.19 Thus, repeaters affect not only a small

subset of their classmates; rather, the spillovers reflect general impacts for

the whole class. At the same time, the estimates also suggest that students

at lower quantiles experience smaller decreases in end-of-kindergarten math

scores and somewhat larger gains in non-cognitive skills and high school

GPA. One potential explanation for this pattern is that the presence of

repeaters leads teachers to shift their focus towards teaching skills that are

particularly important for lower-achieving students, an interpretation that

19The results are based on the fixed-effects quantile regression approach described in
Canay (2011). This approach lets me account for differences in outcome distributions
between schools, which is important because randomization into classes took place within
schools in Project STAR. The additional assumption made compared to classical quantile
regression is that school fixed effects affect the outcomes of all students within the same
school in the same way, regardless of their location in the outcome distribution.
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I discuss in more detail in the next section.20

Finally, panel C of Table 5 reports estimates from specifications in which

the effect of repeater exposure is allowed to vary with class size. To the

extent that smaller classes allow teachers to better respond to the individ-

ual needs of each student, one might expect spillovers from repeaters to be

attenuated in these classes, a conjecture that would notably be consistent

with the well-known theoretical model by Lazear (2001). The empirical re-

sults do not lend support to this intuition: the estimated coefficients on the

interaction terms are usually small relative to the main repeater-exposure

effect, have different signs across different outcomes, and are always impre-

cisely estimated. In unreported regressions, I also confirmed that estimates

are qualitatively similar, though less precise, when the entire empirical anal-

ysis is conducted separately for small and for regular-sized classes. Thus,

there is little evidence that spillovers from repeaters differ by class size.

5. Discussion and mechanisms

5.1. Non-cognitive skills as a channel for long-term impacts

Section 4 documents important spillovers from repeaters on their

kindergarten classmates. Repeater-exposed students initially score lower

on standardized tests, but this impact fades out rapidly after kindergarten

and, if anything, turns positive in later grades. In contrast, there are

lasting positive effects on non-cognitive skills and on long-term educational

attainment. Similar patterns of fading impacts on test scores but persistent

effects on non-cognitive skills and adult outcomes have recently been docu-

mented for other early childhood interventions, for example by Chetty et al.

(2011) and Heckman, Pinto, and Savelyev (2012).21 Motivated by findings

that non-cognitive skills formed early in life are a key determinant of long-

term educational success (e.g. Heckman, Stixrud, and Urzua, 2006), these

20The finding that the negative effect on end-of-kindergarten math scores is both
less pronounced for students at lower quantiles and more pronounced for students with
low predicted ability might seem counter-intuitive. These findings are reconciled by the
fact that the distributional impacts are similar for students with low and high predicted
ability, but that the decrease in scores for the latter group is smaller throughout the
achievement distribution. A similar argument holds for the results for high school GPA.

21A notable difference to my analysis is that in these studies, the impacts on test
scores and non-cognitive skills go in the same direction.
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authors argue that the differential accumulation of non-cognitive skills by

treated children is a key channel through which these interventions affected

long-term outcomes. In this Subsection, I provide suggestive evidence that

exposure to repeaters in kindergarten similarly raises regular students’ long-

term educational attainment via improving their non-cognitive skills. The

following Subsection then discusses in detail the possible ways in which

sharing a classroom with repeaters may enhance these skills.

Table 6 reports results from a test of the hypothesis that improvements

in non-cognitive skills are driving the results for long-term outcomes. This

test is based on the intuition that if the hypothesis holds, then controlling

for intermediate non-cognitive skills in the regression of long-term out-

comes should substantially attenuate the estimated coefficient on repeater

exposure. More formally, this augmented regression will yield the Average

Controlled Direct Effect, that is, the effect of repeater exposure when non-

cognitive skills are fixed at the same value for all students (see Acharya,

Blackwell, and Sen, 2016). The additional assumption made compared to

the main regressions is that there are no intermediate confounders, or no

other variables which are affected by the treatment and which themselves

affect non-cognitive skills and long-term educational attainment.

Corroborating similar findings from previous studies, column 1 of Ta-

ble 6 shows that non-cognitive skills measured in fourth and eighth grade

are highly predictive of long-term educational attainment. Column 2 repli-

cates the estimated effect of repeater exposure on the summary index

of long-term outcomes for the subsample of students observed with non-

cognitive skills. The coefficient is of similar size as in the main analysis

above, but naturally less precisely estimated. This coefficient is reduced

by 80% when the summary index of non-cognitive skills is added to the

regression as a control (column 3), and the difference between this Average

Controlled Direct Effect and the uncontrolled estimate is highly statistically

significant (rightmost column). The evidence thus supports the hypothe-

sis that the differential accumulation of non-cognitive skills by exposed

students during their childhood is an important channel through which

repeater exposure affects long-term educational attainment.

To further evaluate this mechanism, I use the estimated impact of re-

peater exposure on non-cognitive skills to predict its impact on long-term
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educational attainment and then compare this predicted impact to the ac-

tual estimate. From column 1 of Table 6, a one standard deviation increase

in non-cognitive skills is associated with a 40.8% of a standard deviation

increase in the summary index of long-term outcomes. Repeater exposure

raises non-cognitive skills by 11.7% of a standard deviation (see Table 4,

panel B, column 9), which would thus predict a rise in long-term educa-

tional attainment of 4.8%. This figure is quite close to the actual esti-

mated impact of 7.4% reported in Table 4, lending further support to the

hypothesis that non-cognitive skills are the main mechanism for the effect

of repeater exposure on long-term educational attainment.

5.2. Mechanisms for impacts on non-cognitive skills

How exactly does exposure to repeaters in kindergarten enhance regular

students’ non-cognitive skills? One possibility is that the presence of such

low-achieving and likely disruptive students in class leads teachers to em-

phasize the teaching of study skills and good classroom behavior. Such a

shift in the focus of teaching could notably also explain the decrease in test

scores at the end of kindergarten. A salient alternative explanation is that

the observed pattern of results is due to selection effects. In particular, stu-

dents may sort into classes or schools, or may leave the sample, in ways that

are related to their exposure to repeaters. Finally, another possible mech-

anism is that repeater-exposed students benefit from additional resources

in school, such as special tutoring. Below, I first present evidence which

suggests that selection effects and additional resources do not cause the

improvements in non-cognitive skills of repeater-exposed students. I then

discuss in more detail how the presence of a repeater can lead to learning

of non-cognitive skills by other students through behavioral adjustments

by teachers, parents, or students.

5.2.1. Selection into classes or schools

Perhaps the most obvious explanation for the results reported above

is that they are due to a systematic pairing of repeaters with particular

teachers or students in kindergarten. For example, school principals may

assign low-achieving and disruptive repeaters to teachers who are relatively

better at teaching non-cognitive skills. Alternatively, students with low
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levels of persistence and discipline may select out of classes containing

repeaters. However, the random assignment of teachers and students to

kindergarten classes in Project STAR means that this mechanism cannot

drive the results in this paper.

The fact that non-cognitive skills are not observed in the data until the

beginning of fourth grade opens up the possibility that the improvements in

these skills do not happen until after kindergarten. This in turn means that

selection in the later years of the experiment might be driving the results,

for example if students who were exposed to repeaters in kindergarten

systematically attend classes with better peers during grades 1–3. Again,

the random assignment of teachers and students to classes throughout the

duration of Project STAR severely limits the possibility of such sorting.

The main way for students to select into particular classes is thus to change

to another school. I tested whether repeater-exposed students are more

likely to switch schools, but did not find any evidence of such behavior: in

a regression of an indicator for leaving the experiment at any point after

kindergarten on repeater exposure, the coefficient was 0.004 (standard error

0.014). It might still be the case, however, that repeater-exposed students

tend to change to better schools than their non-exposed peers, and that

this explains their improved non-cognitive skills. To dispel such concerns,

I re-estimated the main specifications for a sample of students who stayed

in the same school throughout the experiment. Online Appendix Table

B.1 shows that the results from these regressions were qualitatively and

quantitatively similar to the ones in Section 4.22

As reported in Section 2, a few students also managed to change classes

within Project STAR schools after kindergarten. Unfortunately, the data

only report the actual class attended and not the randomly assigned class

for each student, preventing me from testing directly whether such switch-

ing is related to repeater exposure. Instead, I checked whether exposure

22There is still the possibility that students change schools between third and fourth
grade, i.e. just before non-cognitive skills are first measured. School identifiers in fourth
grade are only observed for the subsample of students who took the Comprehensive
Test of Basic Skills or who were selected for measurement of non-cognitive skills in that
year. This means that I can only identify 36% of regular students as staying in the same
school throughout grades 1–4 with certainty. I nevertheless confirmed that results hold
also in this reduced sample, although the effects are naturally less precisely estimated.
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to repeaters in kindergarten predicts predetermined characteristics of stu-

dents’ classmates and teachers during grades 1–3. The results, which are

presented in Online Appendix Table B.2, showed no systematic differences

in class composition by repeater exposure, suggesting that between-class

switching is not driving the effects reported in Section 4.

5.2.2. Selection out of the sample

For reasons detailed in Online Appendix A, many of the outcomes stud-

ied in Section 4 are only observed for a subset of the students who attended

kindergarten in Project STAR. Another possible explanation for the results

is therefore that students select out of the sample based on their exposure

to repeaters in kindergarten. In particular, the estimates might be picking

up a so-called “healthy survivor effect:” if students who were negatively af-

fected by repeaters in the short term are less likely to be observed with later

outcomes, this could explain the positive effects on non-cognitive skills and

some of the long-term outcomes found above.23 A first piece of evidence

against this explanation is provided in the lower panels of Tables 3 and 4,

where I replicate the impact of repeater exposure on end-of-kindergarten

math scores for the various subsamples of students observed with non-

cognitive skills and long-term outcomes. The coefficient estimates shown

there are generally similar to the main estimate of –0.090 reported in Table

2, suggesting that the divergence of short- and long-term effects is not due

to selective attrition.24

I investigate this matter more thoroughly in Table 7. Panel A reports es-

timates from regressions in which the dependent variables are indicators for

being observed with six key outcomes. Across all regressions, the estimated

coefficients on repeater exposure are close to zero and not statistically sig-

nificant, suggesting that repeater-exposed students are not more likely to

leave the sample. It might still be the case, however, that the composition

of exposed versus non-exposed students changes across different outcomes.

I test for such compositional changes by adding interactions between the

23Notably, selection out of the sample cannot explain the impact of repeater exposure
on college test-taking, which is observed for all students by construction.

24The impact on end-of-kindergarten math scores is also similar for the subsamples
of students observed with post-kindergarten test scores, see Online Appendix Table B.3.
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repeater-exposure dummy and the five demographic characteristics to the

specifications from panel A. The corresponding estimates in panel B reveal

mostly small coefficients on both the main effect and the interaction terms,

which are always jointly insignificant. This suggests that there are no sys-

tematic differences between exposed and non-exposed students observed

with different outcomes. Finally, to dispel any remaining concerns about

selective attrition driving my results, I re-estimate the main specifications

for a consistent sample of non-attritors. As panel C shows, the results are

qualitatively and quantitatively similar to those found for the unrestricted

sample in Section 4.25

5.2.3. Access to additional resources

Yet another explanation for the enhanced non-cognitive skills of

repeater-exposed students is that these students differentially benefited

from additional resources in school. The experimental setup of Project

STAR severely limits this possibility: for example, schools would not have

been allowed to place additional teaching aides into classes containing low-

achieving repeaters. One way in which students could nevertheless have

profited from additional resources is via special education and special in-

struction programs, which were not controlled by the experiment. Students

in such programs might for example get individualized study plans or have

access to different learning materials, which may foster non-cognitive skills.

Thus, to the extent that repeater-exposed students are more likely to enter

special education or special instruction programs, this might explain their

differential accumulation of such skills. Similarly, if repeaters are more

likely than other students to participate in such programs, there might be

positive externalities on their classmates.

Participation in special education and special instruction programs was

recorded for students in Project STAR in kindergarten and in first grade,

25In panel C, I define non-attritors as students who are observed with the following
outcomes: kindergarten math score, eighth-grade math score, high school GPA, high
school graduation, and college test-taking. I did not include fourth- and eighth-grade
non-cognitive skills in this list because these skills were measured only for two different
random subsamples of students, such that only 493 regular students are observed with all
outcomes in Table 7. In Online Appendix Figure B.2, I show that that test score impacts
are qualitatively similar for the subsample of students observed with non-cognitive skills
(the effect on educational attainment for this subsample is reported in Table 6).
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which allows me to test the potential channels outlined in the previous

paragraph. Online Appendix Table B.4 shows that regular students who

were exposed to repeaters in kindergarten are not more likely to partici-

pate in special education or special instruction programs. While repeaters

are more likely than regular students to participate in such programs in

kindergarten (23% versus 6% participation rate for both programs com-

bined), Online Appendix Table B.5 shows that results are qualitatively

and quantitatively similar if classes with participating repeaters are ex-

cluded from the sample. Thus, there is no evidence that differential access

to additional resources is behind the improvement in non-cognitive skills of

repeater-exposed students.26

5.2.4. Behavioral responses by teachers, students, or parents

A final explanation is that teachers, students, or parents react to the

presence of repeaters in the classroom in a way that promotes the accu-

mulation of non-cognitive skills. A particularly salient possibility is that

teachers emphasize the learning of basic behavioral and study skills in re-

sponse to class disruption by repeaters. Such disruption could take the

form of misbehavior that directly distracts other students, or could be

due to repeaters’ exceptionally low cognitive ability that diverts teacher

resources and slows down the pace of instruction. Teachers may react to

such disruption, for example, by changing their teaching practices or by ex-

plicitly focusing their attention on the sub-group of low-achieving students.

Importantly, such adjustments could account for both the drop in end-of-

kindergarten test scores and the improvements in non-cognitive skills seen

in the data.

To test this teacher-adaptation mechanism, one would ideally observe

teaching practices and lesson content, perhaps from teacher time use sur-

veys and teacher logs. Unfortunately, such data are not available for teach-

ers in Project STAR. However, the explanation outlined in the previous

paragraph is notably consistent with the distributional effects of repeater

26Another way in which repeater-exposed students might profit from additional re-
sources is if they are more likely to repeat themselves. In a regression of an indicator
for being below grade in 1994, when students were supposed to be in eighth grade, on
repeater exposure, the coefficient was 0.013 (standard error 0.016), suggesting that this
is not the case.
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exposure discussed in Section 4. Recall that those results suggested that

students in the lower quantiles of the respective distribution experience

smaller decreases in the end-of-kindergarten math score and larger gains in

non-cognitive skills and high school GPA when exposed to repeaters. This

pattern could well be due to teachers emphasizing basic behavioral skills, as

high-achieving students likely already possess those skills and would have

profited more from learning “actual math and reading.” The quantile re-

gression results are also more generally consistent with the idea that the

presence of repeaters leads teachers to focus on students in the lower part

of the achievement distribution.

Additional support for the teacher-adaptation mechanism comes from

the educational psychology literature, which confirms that teachers adjust

their teaching practices to students’ cognitive ability and behavior (e.g.

Corno, 2008; Nurmi et al., 2013). More specifically, teachers tend to pay

more attention and give additional instructional support to low-achieving

students (Babad, 1990; Kiuru et al., 2015). They are also more likely to es-

tablish explicit rules for behavior and stable routines in the classroom, and

to use teacher-directed practices, if the average level of student achieve-

ment is low (Pakarinen et al., 2011; Kikas et al., 2017).27 This tendency

could notably explain the higher discipline of students in classrooms with

low-achieving repeaters found in Project STAR.

While changes in teachers’ behavior are a particularly salient explana-

tion for the results in this paper, behavioral adjustments by students or

parents might also be at work. For example, Hill (2014) suggests that

students may see repeaters as examples of failure and may therefore ex-

ert more effort in order not to fail themselves. Alternatively, parents of

repeater-exposed students may compensate for a worse classroom environ-

ment by helping their children more at home, for example by paying for

private tuition. Both of these reactions may lead to the observed improve-

ments in non-cognitive skills, and the lack of data on student views and

parental inputs does not let me distinguish between such different behav-

27Teachers using teacher-directed practices demand that students follow strict rules
in the classroom and tend to focus on the practice of basic skills. In contrast, child-
centered practices give students more freedom to choose their own way of learning. For
further details about this dichotomy, see for example Kikas et al. (2017).
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ioral reactions.

6. Robustness of results

6.1. Alternative measures of repeater exposure

The main analysis in Sections 4 and 5 distinguishes between classes with

and without repeaters, but does not further differentiate classes according

to the actual number of repeaters. In Appendix Table 2, I explore whether

the results are sensitive to this particular definition of treatment. Panel A

shows estimates from regressions of four main outcomes on separate indi-

cators for being in class with one, two, and three to five repeaters. Across

all specifications, the estimated impacts of exposure to one and exposure

to two repeaters are qualitatively and quantitatively similar to the main

effects reported in Section 4. While the coefficients on exposure to three

to five repeaters are smaller in absolute value, they are very imprecisely

estimated and not statistically different from these effects either.

Panel B shows that using the class share of repeaters as treatment again

yields results that are qualitatively similar to the main results. Panel C

reports results from specifications that include both the repeater-exposure

dummy and the share of repeaters as regressors. While the estimated coef-

ficients on the dummy are roughly similar to the ones reported in Section 4,

the coefficients on the share are no longer significant in these regressions.

This suggests that within the small range of the number of repeaters per

class observed in this sample, the extensive margin (being in class with one

versus no repeaters) is more important than the intensive margin (being in

class with one versus several repeaters). This finding lends further support

to the use of the repeater-exposure dummy as the main treatment variable.

6.2. Impacts of repeaters versus classroom demographics

One potential concern with the treatment is that it might simply be

picking up the impact of changes in the average demographic composition

of peers, a measure which has been widely used to identify peer effects

in the previous literature.28 Online Appendix Table B.6 reports results

28For example, Hoxby (2000) and Whitmore (2005) study the impacts of the share of
female students in the classroom. Cascio and Schanzenbach (2016) study the impacts
of the average age of students’ kindergarten classmates in Project STAR.
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from regressions of four main outcomes which additionally control for av-

erage demographic characteristics of each students’ classmates, including

repeaters. To the extent that the impacts documented in Section 4 operate

via changing the demographic composition of classmates, one would expect

the estimated coefficient on repeater exposure to be attenuated in these re-

gressions. This is not the case: controlling for share of male classmates,

share of black classmates, share of free-lunch classmates, classmates’ aver-

age age, or share of old-for-grade classmates does not significantly alter the

impacts of repeater exposure, indicating that they operate over and above

any of these potential channels. This suggests once again that the focus on

repeaters allows me to better identify truly low-achieving peers.29

6.3. Relative measurement of non-cognitive skills

Table 3 reports positive impacts from repeater exposure in kindergarten

on regular students’ non-cognitive skills. A potential concern with these

findings is that these improvements might simply reflect higher teacher rat-

ings of students’ behavior relative to the behavior of repeaters in the same

class. I address this concern in Online Appendix Table B.7. In panel A, I

re-estimate the impacts of repeater exposure on fourth-grade non-cognitive

skills for the subsample of students whose fourth-grade classes did not con-

tain any of the 193 original kindergarten repeaters. The effects of repeater

exposure in these regressions are somewhat attenuated compared to those

reported in Table 3 but qualitatively similar. While the data do not allow

me to observe classroom composition during eighth grade, I can restrict the

sample to students who at that time attended a school that did not con-

tain any of the original repeaters (most students had switched to a different

29As can be expected from the demographic characteristics of repeaters shown in
Table 1, being exposed to repeaters is associated with having a higher share of male
classmates, a higher share of free-lunch classmates, a higher average age of classmates,
and a higher share of old-for-grade classmates. Across the regressions in Online Ap-
pendix Table B.6, the only statistically significant impact of classroom demographics is
a negative effect of the share of male classmates on end-of-kindergarten math scores,
which confirms previous results by Whitmore (2005). Cascio and Schanzenbach (2016)
use an instrumental-variables strategy to examine the impacts of classmates’ average
age; in specifications which apply the same strategy, I found some significant impacts of
classmates’ average age which corroborate their results. Importantly, however, the esti-
mated coefficients on repeater exposure from these regressions were again qualitatively
and quantitatively similar to the ones reported in Section 4.
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middle school by eighth grade). Panel B shows that the impacts of repeater

exposure on non-cognitive skills in this restricted sample are very similar

to the ones reported in Table 3. Thus, the evidence does not support the

idea that the positive impacts of repeater exposure on non-cognitive skills

capture purely mechanical effects due to relative teacher ratings.

6.4. Additional results for disaggregated post-kindergarten outcomes

The regressions probing for heterogeneity in Section 4, the analysis of

mechanisms in Section 5, and the robustness checks presented in the pre-

vious subsections measure non-cognitive skills and long-term educational

attainment using the respective summary indices. As discussed above,

these indices are appealing because they increase statistical power to de-

tect effects that go in the same direction within a domain and because

they allow me to present results in a concise manner. For transparency,

however, the Online Appendix also presents results for more disaggregated

outcomes, which I summarize here.

Online Appendix Table B.8 reports estimates of the impact of repeater

exposure on the 41 individual behaviors which make up the eight non-

cognitive skill indices used in Table 3. Similarly to the results shown there,

the estimates reveal positive impacts of repeater exposure on the vast ma-

jority of student behaviors in both fourth and eighth grade. Online Ap-

pendix Table B.9 replicates most of the results presented in all previous

tables for a set of eleven (relatively) disaggregated outcomes: the eight

fourth- and eighth-grade non-cognitive skills measures, high school GPA,

high school graduation, and college test-taking. The vast majority of esti-

mates presented there are qualitatively similar to the ones presented in the

main text, although they are often less precisely estimated. This confirms

that by aggregating outcomes into the two indices, I do not inordinately

ignore heterogeneous impacts of repeater exposure.

6.5. Mechanical spillover effects

In a recent paper, Angrist (2014) documents a mechanical bias in peer-

effects regressions that arises if students both provide treatment for other

students and are subject to treatment from these other students them-

28



selves.30 Intuitively, this bias is avoided here due to the clear separation

of initiators and recipients of spillover effects. I confirmed this intuition

in a simulation-based falsification test. In particular, I exchanged each

student’s classmates with a new set of peers randomly drawn from other

classes in the same school. In this way, all students were assigned to a group

of placebo classmates with whom they did not interact in their real-world

classroom. I then re-estimated the effect of repeater exposure, measured

using the placebo classmates, on kindergarten math scores. Any effect of

repeater exposure in this regression reflects purely mechanical forces. In

1,000 replications of this exercise, the median coefficient on repeater expo-

sure was 0.017 with a 90% empirical confidence interval of [-0.028, 0.063],

which excludes the coefficient of -0.090 found in the actual data.

7. Conclusion

Many education policies change the grouping of students into classes

and schools, but little is known about the long-term impacts of school

peers. This paper provides some of the first evidence on such impacts

by evaluating how sharing a kindergarten classroom with low-achieving

repeaters affects regular students’ test scores, their non-cognitive skills,

and their long-term educational attainment.

The empirical analysis exploits the random assignment of teachers and

students to classes in Project STAR in order to estimate causal spillover ef-

fects. Regular students who are exposed to repeaters in their kindergarten

class perform significantly worse on a standardized math test at the end

of kindergarten. However, these students display substantially improved

non-cognitive skills, such as effort and discipline, when these are first mea-

sured at the beginning of fourth grade. While the negative spillovers from

repeaters on test scores fade out rapidly after kindergarten and, if any-

thing, turn positive, the gains on non-cognitive skills persist over time.

The favorable development of repeater-exposed students culminates in sig-

nificantly raised propensities to graduate from high school and to take a

30One reason why this bias may arise is measurement error in peer quality. In a
recent paper, Feld and Zölitz (2017) show that in settings such as Project STAR where
students are randomly assigned to groups, this bias leads to an attenuation of peer
effects estimates rather than to an overestimation.

29



college entrance exam around the age of eighteen. I argue that these pos-

itive long-term impacts are likely due to the differential accumulation of

non-cognitive skills by exposed students. As for how exactly repeater ex-

posure raises these skills, the results are consistent with a mechanism of

teachers adapting their teaching practices and lesson content, even though

the data do not allow me to test this mechanism directly.

The striking divergence of the impacts of repeater exposure on short-

term test scores and long-term educational attainment highlights the im-

portance of studying the long-term effects of educational interventions. By

themselves, the negative short-term spillovers on test scores would have

suggested that policies which separate low-achieving repeaters from regu-

lar first-time students would greatly benefit the latter, who make up the

vast majority of the student population in schools. However, this conclusion

has to be reversed once long-term impacts are taken into account. Indeed,

the overall results show that mixing students of very different abilities at

an early age can be beneficial for most students in the long term.
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Figure 1

Distribution of repeaters across classes
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Notes: The �gure displays a histogram of the number of repeaters in class. The sample includes only the 60
(out of 79) schools with at least one repeater in kindergarten. There are 254 classes in this sample, with a mean
(median) number of repeaters of 0.76 (1).



Figure 2

Actual and simulated variation in the number of repeaters in class
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Notes: The �gure shows kernel density plots of residuals from regressions of the number of repeaters in class
on school �xed e�ects. The solid line corresponds to residuals from a single regression using the actual data,
whereas the dashed line corresponds to residuals from 1,000 regressions using simulated data in which students
were randomly assigned to classes within schools. In both cases, the sample is restricted to schools containing
at least one repeater. Density calculations are based on an Epanechnikov kernel with the optimal bandwidth of
0.124 in the actual data.



Figure 3

Repeater exposure in kindergarten and post-kindergarten test scores
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Notes: The �gure plots point estimates and 95% con�dence bounds from 16 separate regressions of test scores
on repeater exposure in kindergarten. The dependent variables are the math scores (panel A) and reading scores
(panel B) in the year in which students were supposed to be in the grade indicated on the horizontal axis. Each
regression is run on the sample of non-repeating students observed with the corresponding test score and includes
further controls as in columns 2 and 4 of Table 2. No results are reported for fourth grade because test scores
are available for only a small fraction of students in that grade; see Online Appendix A for details.



Figure 4

Quantile treatment e�ects
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estimator described in Canay (2011). Standard errors are obtained via boostrapping with 100 replications.



Table 1

Descriptive statistics

Non-repeaters Repeaters

N Mean SD N Mean SD

Demographic characteristics

Male 6,039 0.51 0.50 193 0.70 0.46
Black 6,039 0.33 0.47 193 0.17 0.38
Free lunch 6,039 0.48 0.50 193 0.65 0.48
Age in years 6,039 5.48 0.31 193 6.39 0.31
Old for grade 6,039 0.03 0.17 193 1.00 0.00

Repeater exposure

At least 1 repeater in class 6,039 0.39 0.49 � � �

Standardized test scores

Kindergarten math score 5,614 0.00 1.00 175 -0.36 0.80
Kindergarten reading score 5,535 0.00 1.00 173 -0.47 0.69
8th-grade math score 4,353 0.00 1.00 102 -0.88 1.09
8th-grade reading score 4,364 0.00 1.00 108 -0.93 1.15

Non-cognitive skills

4th-grade e�ort 1,628 0.00 1.00 32 -1.13 1.24
4th-grade initiative 1,628 0.00 1.00 32 -1.01 1.01
4th-grade value 1,628 0.00 1.00 32 -0.83 1.25
4th-grade discipline 1,628 0.00 1.00 32 -0.32 1.20
8th-grade e�ort 1,731 0.00 1.00 37 -0.50 1.09
8th-grade initiative 1,731 0.00 1.00 37 -0.43 0.91
8th-grade value 1,731 0.00 1.00 37 -0.36 1.17
8th-grade discipline 1,731 0.00 1.00 37 -0.29 1.06

Long-term outcomes

High school GPA 2,438 84.20 7.42 40 81.82 7.35
High school graduation 2,955 0.87 0.34 60 0.67 0.48
Took ACT/SAT 6,039 0.41 0.49 193 0.12 0.32

Notes: The table reports descriptive statistics of key variables separately for the 6,039 non-repeating
students and the 193 repeaters in the estimation sample. A student is considered old for grade if based
on her age and Tennessee's kindergarten entry cuto� date of September 30 she would be expected to
attend at least �rst grade in the 1985-86 school year. Repeater exposure is measured as an indicator
taking value 1 if the student's kindergarten class contains at least one repeater and 0 otherwise. Repeater
exposure is not de�ned for repeaters because this paper studies spillovers from repeaters on non-repeating
students. The non-cognitive skill measures are indices summarizing teacher ratings of student behavior
in four areas: e�ort, initiative, value, and discipline. All test scores and measures of non-cognitive skills
are standardized to have mean 0 and standard deviation 1 across non-repeating students. High school
GPA is measured on a scale from 0-100. Took ACT/SAT is an indicator for whether the student took
either of these tests in 1998, when most students were in their �nal year of high school.



Table 2

Repeater exposure in kindergarten and end-of-kindergarten test scores

Math Math Reading Reading
(1) (2) (3) (4)

Repeater exposure �0.090∗∗ �0.090∗∗ �0.014 �0.014
(0.043) (0.041) (0.046) (0.044)

Male �0.144∗∗∗ �0.175∗∗∗

(0.024) (0.025)
Black �0.355∗∗∗ �0.249∗∗∗

(0.051) (0.053)
Free lunch �0.411∗∗∗ �0.450∗∗∗

(0.029) (0.029)
Age in years 0.550∗∗∗ 0.408∗∗∗

(0.044) (0.048)
Old for grade �0.411∗∗∗ �0.346∗∗∗

(0.081) (0.074)
Small class 0.169∗∗∗ 0.158∗∗∗ 0.194∗∗∗ 0.185∗∗∗

(0.045) (0.043) (0.043) (0.042)

Observations 5,614 5,614 5,535 5,535

Mean of dep. var. 0.00 0.00 0.00 0.00

Notes: The table reports estimates from regressions of end-of-kindergarten math and reading
scores on the variables listed in rows and school �xed e�ects. Test scores are standardized to
have mean 0 and standard deviation 1 across non-repeating students in the estimation sample.
Repeater exposure is measured as an indicator taking value 1 if the student's class contains at
least one repeater and 0 otherwise. Standard errors in parentheses allow for clustering at the
class level. ∗ p<0.10, ∗∗ p<0.05, ∗∗∗ p<0.01.
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Table 4

Repeater exposure in kindergarten and long-term educational attainment

High school
GPA

High school
graduation

Took
ACT/SAT

Summary
index

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

Panel A: no demographic controls

Repeater exposure 0.698∗∗ 0.023∗ 0.034∗∗ 0.075∗∗

(0.334) (0.013) (0.016) (0.031)

Panel B: with demographic controls

Repeater exposure 0.552∗ 0.021∗ 0.033∗∗ 0.074∗∗∗

(0.308) (0.013) (0.015) (0.028)
Male �3.243∗∗∗ �0.072∗∗∗ �0.160∗∗∗ �0.338∗∗∗

(0.298) (0.013) (0.012) (0.024)
Black �2.371∗∗∗ 0.011 0.022 0.025

(0.641) (0.029) (0.027) (0.055)
Free lunch �3.406∗∗∗ �0.141∗∗∗ �0.284∗∗∗ �0.590∗∗∗

(0.400) (0.019) (0.015) (0.032)
Age in years 0.677 �0.031 0.079∗∗∗ 0.077∗

(0.494) (0.021) (0.019) (0.040)
Old for grade 0.277 �0.054 �0.126∗∗∗ �0.201∗∗∗

(0.812) (0.042) (0.037) (0.077)
Small class �0.063 0.007 0.010 0.043∗

(0.285) (0.012) (0.012) (0.024)

Obs. (both panels) 2,438 2,955 6,039 6,039

Mean of dep. var. 84.20 0.87 0.41 0.00
E�ect on KG math �0.067 �0.131∗∗∗ �0.090∗∗ �0.090∗∗

score in subsample (0.054) (0.050) (0.041) (0.041)

Notes: The table reports estimates from regressions that relate students' educational attainment, mea-
sured at the end of high school, to their exposure to repeaters in kindergarten. See the notes to Table
1 for descriptions of the outcome variables in columns 1-3. See text for details on the construction of
the summary index of long-term educational attainment used as outcome in column 4. Repeater expo-
sure is measured as an indicator taking value 1 if the student's kindergarten class contains at least one
repeater and 0 otherwise. All speci�cations control for an indicator for small class in kindergarten and
kindergarten school �xed e�ects, with speci�cations in panel B additionally controlling for non-repeating
students' demographic characteristics. The bottom row reports estimates from regressions of the end-
of-kindergarten math score on repeater exposure like in Table 2, column 2, with the di�erence that the
sample is restricted to students observed with the outcome in the column head. Standard errors in
parentheses allow for clustering at the kindergarten class level. ∗ p<0.10, ∗∗ p<0.05, ∗∗∗ p<0.01.



Table 5

Heterogeneity by regular students' characteristics and by class size

Kindergarten
math score

8th-grade
math score

Non-cog.
index

Long-term
index

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

Panel A: heterogeneity by demographic characteristics

Repeater exposure �0.048 0.087∗ 0.147∗∗ 0.142∗∗∗

(0.054) (0.051) (0.059) (0.044)
× male �0.035 �0.025 �0.093 �0.029

(0.047) (0.056) (0.075) (0.049)
× black �0.018 �0.034 �0.123 �0.112

(0.079) (0.083) (0.121) (0.070)
× free lunch �0.056 0.000 0.104 �0.072

(0.054) (0.070) (0.089) (0.062)
× age in years 0.144 0.065 0.013 �0.061

(0.092) (0.109) (0.138) (0.082)
× old for grade 0.054 �0.261 0.159 0.134

(0.160) (0.225) (0.243) (0.150)

Panel B: heterogeneity by predicted academic ability

Repeater exposure �0.098∗∗ 0.052 0.120∗∗ 0.064∗∗

(0.041) (0.034) (0.046) (0.029)
× predicted ability 0.054∗ 0.033 0.005 0.059∗∗

(0.029) (0.032) (0.044) (0.028)

Panel C: heterogeneity by class size in kindergarten

Repeater exposure �0.078 0.089∗∗ 0.119∗∗ 0.065∗∗

(0.048) (0.039) (0.050) (0.032)
× small class �0.043 �0.099 �0.007 0.031

(0.095) (0.064) (0.084) (0.056)

Obs. (all panels) 5,614 4,353 2,589 6,039

Notes: The table reports estimates from regressions that probe for heterogeneous e�ects of repeater
exposure by regular students' demographic characteristics (panel A), their predicted academic ability
(panel B), and class size (panel C). Each column in each panel reports the results from a single regression
in which the repeater-exposure dummy is interacted with the variables indicated in the leftmost column.
All regressions control for students' demographic background, an indicator for small class in kindergarten,
and kindergarten school �xed e�ects. See text for de�nitions of the outcome variables and predicted
academic ability. Standard errors in parentheses allow for clustering at the kindergarten class level. ∗

p<0.10, ∗∗ p<0.05, ∗∗∗ p<0.01.



Table 6

Repeater exposure, non-cognitive skills, and long-term educational attainment

Summary index of long-term attainment Di�erence

(1) (2) (3) [(2)-(3)]

Repeater exposure 0.060 0.012 0.048∗∗∗

(0.042) (0.038) [p=0.004]
Non-cog. skills (index) 0.408∗∗∗ 0.408∗∗∗

(0.019) (0.019)
Observations 2,589 2,589 2,589

Notes: The table reports estimates from regressions that relate students' educational attainment to their
exposure to repeaters in kindergarten and to their non-cognitive skills measured in fourth and eighth
grade (columns 1-3). Repeater exposure is measured as an indicator taking value 1 if the student's
kindergarten class contains at least one repeater and 0 otherwise. See text for descriptions of the sum-
mary indices of long-term educational attainment and non-cognitive skills. All speci�cations control for
students' demographic background, an indicator for small class in kindergarten, and kindergarten school
�xed e�ects. Regressions include all non-repeating students for whom non-cognitive skills are observed.
Standard errors in parentheses allow for clustering at the kindergarten class level. The rightmost column
reports results from a test of the null hypothesis that the coe�cients on repeater exposure in columns
2 and 3 are equal. The p-value in brackets is based on a Wald test conducted after re-estimating the
speci�cations in columns 2 and 3 using seemingly unrelated regression. ∗ p<0.10, ∗∗ p<0.05, ∗∗∗ p<0.01.
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Appendix Table 2

Alternative measures of repeater exposure

Kindergarten
math score

8th-grade
math score

Non-cog.
index

Long-term
index

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

Panel A: indicators for di�erent numbers of repeaters

1 repeater in class �0.096∗∗ 0.070∗ 0.120∗∗∗ 0.072∗∗

(0.046) (0.036) (0.046) (0.031)
2 repeaters in class �0.092 0.039 0.134∗∗ 0.093∗∗

(0.070) (0.053) (0.065) (0.041)
3-5 repeaters in class �0.021 0.019 0.025 0.030

(0.103) (0.090) (0.090) (0.063)

Panel B: linear share of repeaters in class

Share of repeaters �0.601 0.370 1.045∗∗ 0.781∗∗

(0.483) (0.406) (0.445) (0.310)

Panel C: exposure dummy and linear share of repeaters

Repeater exposure �0.135∗∗ 0.096∗ 0.123∗ 0.056
(0.068) (0.057) (0.068) (0.045)

Share of repeaters 0.659 �0.525 �0.080 0.256
(0.802) (0.677) (0.739) (0.484)

Obs. (all panels) 5,614 4,353 2,589 6,039

Notes: The table reports estimates from regressions that probe the robustness of results to using alter-
native measures of repeater exposure. In panel A, the repeater-exposure dummy is replaced by dummies
for 1, 2, and 3-5 repeaters in class. Speci�cations in panel B include the class share of repeaters as treat-
ment instead. Speci�cations in panel C include both the repeater-exposure dummy and the class share
of repeaters. See text for details on the construction of the outcome variables. All regressions control
for students' demographic background, an indicator for small class in kindergarten, and kindergarten
school �xed e�ects. Standard errors in parentheses allow for clustering at the kindergarten class level. ∗

p<0.10, ∗∗ p<0.05, ∗∗∗ p<0.01.
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