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Abstract

We estimate the effects of class-size reduction by exploiting exoge-
nous variation caused by Maimonides’ rule that requires the maximum
class size be 40 and class be split when 41 students are enrolled. Our
data cover all fourth to ninth graders in 1,064 public schools in an
anonymous prefecture for three years. We find that the effects of
class-size reduction on academic test scores are small on average, but
slightly stronger for students not going to a private tutoring school.
We find no evidence that small class size improves non-cognitive skills.
Our substantive conclusion does not change when school fixed effects
are controlled.
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1 Introduction
The general public and education administrators seem to believe that smaller
class size contributes to more learning and better experience for students, but
this is far from obvious. Indeed, the literature on the economics of education
has long sought the evidence for the effectiveness of class-size reduction.
Although the analysis of data from a randomized controlled trial (RCT) in
the famous Project STAR has established positive effects of smaller class size
(e.g. Krueger, 1999), its external validity must be verified in each country’s
context.

Because conducting RCTs can be expensive and politically controversial,
many researchers attempted to estimate the effects of class-size reduction
by using a natural experiment. Angrist and Lavy (1999) is the first study
to exploit exogenous variation of class size generated by Maimonides’ rule
using Israeli data. Namely, the regulation requires that the maximum class
size be 40 and the class be split into two when 41 or more students are
enrolled in a given grade. Because Maimonides’ rule is applied in many
other countries including Japan, many researchers estimated the effects of
class-size reduction by following the approach by Angrist and Lavy (1999).

There are several studies on class size using Japanese data. Examples
include, but not limited to, Niki (2013), Hojo (2013), Senoh et al. (2014),
Akabayashi and Nakamura (2014), Senoh and Hojo (2016), and Ito et al.
(2017). Evidence from Japan so far is mixed presumably due to differences
in their statistical methods and samples chosen. Some report insignificant
results, while others report positive significant effects of class-size reduction,
although the effect size is typically small. In our reading of the literature,
there seems no consensus about the effects of class-size reduction in Japan.

We contribute to this literature by providing an extra piece of evidence
using a large scale data from an anonymous prefecture1 in Japan. Our re-

1Prefectures are the first level of jurisdiction and administrative division. There are
47 prefectures in Japan. Japanese prefectures are somewhat comparable to provinces and
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search has the following three key features. First, our data set is large and
covers all students in grades four through nine in 1,064 public schools in
an anonymous prefecture for three years. Although our data set is smaller
than the one used by Senoh et al. (2014) that cover all students in Japanese
public schools, it is much larger than data from a municipality (e.g. Ak-
abayashi and Nakamura, 2014; Ito et al., 2017), which is a subdivision of a
prefecture. Second, our data include non-cognitive skill measures including
conscientiousness, self-control, and self-efficacy. Evidence for the effects on
non-cognitive skills is relatively scarce. Third, we control for school and stu-
dent fixed effects to address possible omitted variable biases. Many previous
studies use data from a single year, which prevents them from controlling for
school and/or student fixed effects. Our large data set enables us to overcome
this limitation.

Our estimates indicate that the effects of class-size reduction on Japanese
and math test scores are small, if any. The estimated effects of a 10-student
reduction vary by grades from 0.01 to 0.07 standard deviations in our pre-
ferred specification. When we control for school fixed effects, the estimates
tend to be insignificant mostly due to larger standard errors and point esti-
mates are in the same ballpark with or without school fixed effects.

By contrast to the estimates for test scores, we find no evidence that class-
size reduction improves non-cognitive skills across grades and econometric
specifications.

We also examine heterogeneity of the class-size effects by students’ char-
acteristics. Our estimates indicate that the effects of class-size reduction are
slightly stronger for students not going to a private tutoring school.

The rest of the paper is structured as follows. We review the literature
briefly in section 2. Then we describe data and present descriptive statis-
tics in Section 3. We outline our identification strategy in section 4. The
empirical results are presented in section 5. We conclude in section 6.

states in other countries.
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2 Literature review
Most prior research addressed a potential endogeneity bias arising from cor-
relation between class size and unobserved school characteristics by taking
one of the following approaches: (i) randomized experiments, such as Project
STAR implemented in the state of Tennessee in 1980s (e.g. Krueger, 1999);
(ii) natural experiments using the situation where schools have a single class
per grade and a monopoly in their area of influence (e.g. Urquiola, 2006) or
using variations in enrollment driven by cohort sizes across different years
(e.g. Hoxby, 2000); and (iii) the regression discontinuity design exploiting
exogenous and discontinuous variations in class size around the cutoffs (e.g.
Angrist and Lavy, 1999).

Earlier studies on class-size effects have reported large effects on stu-
dents’ academic performance. The STAR experiment in the US yielded the
effect size of 0.13-0.27 standard deviations for a 8-student reduction or 0.16-
0.33 standard deviations for a 10-student reduction, equivalently (see Finn
and Achilles [1990, Table 5]). In Israel, a 10-student reduction in class size
increased the standardized test scores by 0.13-0.25 standard deviations in
grades four and five (Angrist and Lavy, 1999).2

Angrist et al (2017) used large Israeli sample from 2002-2011 and found
that the class-size effect was nearly zero with small standard errors. In-
terestingly, Angrist et al (2017) stated that the large significant estimates
for class-size effects previously reported by Angrist and Lavy (1999) may
have been “a chance finding” and “it seems fair to say that the 1991 results
are unusual in showing strong class-size effects,” essentially dismissing the
conclusion that smaller class size improves students’ performance in Israel.

There are only a few studies that examine the effects on outcomes be-
2Note that the reported regression coefficients in Angrist and Lavy (1999) are normal-

ized using the standard deviation of class-average scores, instead of individual student’s
scores. We discuss their estimates adjusted to the standard deviation at the individual
level.
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yond academic test scores. Dee and West (2011) found that smaller class size
was associated with improvement in school engagement. Fredriksson, Öckert
and Oosterbeek (2013) evaluated the longer-run effects of class-size reduc-
tion on cognitive and non-cognitive outcomes. They reported that small class
in ages 10-13 improved several outcomes including effort motivation, aspi-
rations, self-confidence, sociability, absenteeism, and anxiety in ages 13-16.
Chetty et al. (2011) linked the experimental data from the STAR project to
administrative record and found that students in smaller classes were signifi-
cantly more likely to attend college. Furthermore, they exhibited statistically
significant improvement in home ownership, savings, mobility rates, college
graduate, and marital status.

Most existing estimates from Japanese data indicate that the effects of
class-size reduction are statistically insignificant or small, if any. Using a na-
tionally representative sample of students from Trend in International Math-
ematics and Science Study (TIMMS) 2003, Niki (2013) found insignificant
effects of class size on mathematics and science test scores as well as non-
cognitive skill measures for eighth graders. Hojo (2013) drew a sample of
fourth graders from TIMMS 2003 and found marginally positive significant
effects of small class size.

Senoh et al. (2014) analyzed the data from the 2009 National Assessment
of Academic Ability (NAAA) that covered Japanese and math test scores
for virtually all students in grade six and nine in Japanese public schools.
They found effects of class-size reduction are insignificant across subjects and
grades except for Japanese test scores for sixth graders.

Senoh and Hojo (2016) updated Senoh et al. (2014) by using family back-
ground information added by a follow-up survey for the 2009 NAAA. They
found that effects of small class were positive significant for ninth graders
once students’ SES was controlled. Although their estimates are greater than
previous estimates from Japanese data, the effect size was still less than half
of the estimates from the Project STAR. Importantly, they found that the
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effects of class size were stronger in schools in which many students from low
SES families attended.

Combining data from the 2007 NAAA and Yokohama City Achievement
Test, Akabayashi and Nakamura (2014) estimated the effects of class size
on sixth and ninth graders in City of Yokohama. In addition to exploiting
the exogenous variation by Maimonides’ rule, they controlled for unobserved
heterogeneity by using a value-added model and controlling for school fixed
effects. The estimated class-size effects on Japanese and math tests for sixth
and ninth graders and found insignificant effects across subjects and grades
except for Japanese test scores for sixth graders.

Ito et al. (2017) used data from an anonymous city for nine years and
estimated class-size effects on cognitive and non-cognitive outcomes. By de-
meaning variables at the school level, they exploited within-school variation
as well as the exogenous variation by Maimonides’ rule. Note that their de-
meaning is essentially equivalent to controlling for school fixed effects. By
pooling observations from grades four to nine, they estimated a random ef-
fect model and found positive effects of class size on a wide array of cognitive
and non-cognitive outcomes. Nevertheless, the effect size was modest and
comparable to those of Senoh and Hojo (2016).

3 Data

3.1 Overview

Our data are drawn from the standardized achievement tests on Japanese
and math from an anonymous prefecture in 2016-2018. Students who took
the exams also filled a series of questionnaires to measure some non-cognitive
skills and were asked about students’ life. The data also include students’
IDs which enable us to keep track of the students throughout the survey
period.

The data cover all public-school students in grades 4 through 9 in the
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prefecture. While there are some private and national schools, most schools
in the prefecture are public: according to official statistics, 99.3 percent of
elementary schools and 93.0 percent of junior high schools are public in this
prefecture. Our data include about 300,000 students in 1,064 public schools
(708 elementary, 356 junior high) in 62 municipalities.3 We restrict our
sample include students who took the exam at least twice in order to control
for individual fixed effects. As a result, we exclude fourth and fifth graders.

Notice that we examine the association between students’ outcomes in
the current year and school characteristics such as class size in the last year.
This is because the outcomes are measured in beginning of school year (April)
and they are likely to be affected by class size and other school environment
in the previous year, if any.

Table 1 presents descriptive statistics of selected variables. The average
grade size is about 90 students for elementary school for grades four through
six. In the table, grade enrollment is about 90 for grades from five to seven
for the reason we mentioned above. The grade enrollment of junior high
school is greater and 160-165 students. The average class size is 31-32 for
elementary school. It is greater for junior high school and about 34.

3.2 Cognitive and non-cognitive skills

Our measures of cognitive skills are Japanese and math test scores. To
facilitate interpretation, we normalize test scores so that the mean is zero
and the standard deviation is one for each grade.

We measure the following non-cognitive skills by a 40-minutes question-
naire: (i) self-control (Duckworth, Tsukayama and Kirby, 2013), (ii) self-

3Unfortunately, we do not have an access to information for students who are absent
on the test day. About 2-3% of students were absent in the survey period. This number is
about the same as the fraction of absent students in NAAA, which has been administered
nationwide by Ministry of Education, Culture, Sports, Science and Technology. We con-
sider that the absent students may have transferred to a school outside of this prefecture
or may have been sick.
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efficacy (Pintrich et al., 1991), and (iii) conscientiousness (Barbaranelli et al.,
2003). A large literature suggests that non-cognitive skills are an important
determinant of subsequent outcomes in adulthood as well as academic per-
formance(Borghans et al., 2008; Heckman, Stixrud and Urzua, 2006; Heineck
and Anger, 2010; Carneiro, Crawford and Goodman, 2007; Mueller and Plug,
2006).

Self-control is a psychological state defined as ”the tendency to regulate
impulses and resist immediately rewarding temptations in the service of long-
term goals”(Duckworth, Tsukayama and Kirby, 2013).

Our data employ an 8-item questionnaire, originally developed by Tsukayama,
Duckworth and Kim (2013): a self-rated scale on a 5-point frequency scale
where 5 (=very frequently) and 1 (=almost never) is averaged such that a
higher score indicates higher self-control (See 14 for details). In computing
the scale, several items, for example, intentionally negative worded items,
are rated reversely. If an item has to be reversed, a student who choose 1
receives a score of 5.

To avoid controversy of the stability of measures across different situ-
ations (sometimes, referred to as ”person-situation” debate), Tsukayama,
Duckworth and Kim (2013) developed the self-control scale specific to school-
aged children in academic and school contexts and demonstrated that this
scale successfully predicted their academic performance, hours of studying,
and hours of watching television.

The second measure of non-cognitive skills is self-efficacy, defined as ”peo-
ple’s judgments of their capabilities to organize and execute courses of ac-
tion required to attain designated types of performances” (Bandura, 1986,
p.391). Individuals with low self-efficacy would believe that they are not
capable of accomplishing tasks and then avoid doing them, while ones with
high self-efficacy would try to accomplish tasks and be engaged in them for
the long-run, even if they are very challenging.

Our measure of self-efficacy is originally developed by Pintrich et al.
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(1991). An 8-item questionnaire is based on a self-rated scale on a 5-point
Likert scale from 5 (=very true of me) and 1 (=not at all true of me). The
scale is constructed by taking the mean of all items and reverse-coded items
are properly reflected (See 14 for details).

This is also the scale developed specifically to learning task performance
in academic settings. Pintrich and De Groot (1990) showed that the scale
is strongly correlated with the final grade over the school year and other
studies that employed this type of scale also demonstrated that self-efficacy
particularly predicted math performance (Pajares and Miller, 1994; Pajares
and Kranzler, 1995; Pajares and Graham, 1999).

Conscientiousness is well known as one of the BIG Five personality traits
and the most robust predictor of academic achievement among them. For
example, Poropat (2009)’s meta-analysis on the relationship between the Big
Five personality traits revealed that the both raw and partial correlations
between conscientiousness and GPA were almost as large as those between
GPA and IQ.

Our measure of conscientiousness is based on the method developed by
Barbaranelli et al. (2003) and hence, assesses students’ dependability, order-
liness, precision, and the fulfilling of commitments in school environments.
By taking an average of 13 items that are based on the self-rated scale on
a 5-point Likert scale from 5 (=very true of me) and 1 (=not at all true of
me), we construct a single measure of conscientiousness (See 14 for details).

Like the cognitive skill measures, we normalize the non-cognitive skill
measures so that they have zero mean and unit standard deviations to facil-
itate interpretation.

3.3 Socio-economic status

We use two proxies for students’ SES. One is an indicator for having no book
at home, which is often used in education research when parents’ income
or occupations is unknown. By using internationally comparable standard-
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ized test scores, such as TIMSS and Programme for International Student
Assessment, prior studies show a strong correlation between the number of
books at home and parental SES. Kawaguchi (2016) and Kawaguchi (2017)
also show that the number of books at home is a good predictor of parental
income and educational backgrounds in Japan.

Another proxy is an indicator for going to a private tutoring school. Be-
cause the average monthly fee is about 40,000 Japanese yen (or 400 US
dollars, equivalently), students from wealthier families are more likely to go
to a private tutoring school to improve their test scores.

Table 1 indicates that the average fraction of students receiving subsidies
is 11-14% and it generally increases with grade. The average fraction of
students who have no books at home is about 10-15%. The fraction of
students going to a private tutoring school is 50-60% for grade four. It
increases with grade and reaches about 70% in grade nine.

10
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4 Identification strategy
We exploit exogenous and discontinuous changes in class size to estimate the
causal effects on cognitive and non-cognitive skills. The maximum class size
is capped at 40 students (35 only for students in grade one since 2011) in
Japan, which is legally determined by Act on Standards for Class Formation
and Fixed Number of School Personnel of Public Compulsory Education
Schools. Therefore, students in a grade with up to 40 students are assigned
into a single class, but a grade with 41 students is divided into two classes.

In practice, many schools in our data form classes smaller than the legally
mandated class size. Hence, we cannot simply compare schools with grade
enrollment near the cutoff. Our approach is to exploit the discontinuity of
the predicted class size, rather than the actual class size.

The predicted class size in a given grade is formulated as follows.

zst =
nst[

(nst −1)/40
]
+1

, (1)

where zst is the predicted class size in school s at time t, nst is grade enroll-
ment, and the square bracket is an operator that takes an integer part of
division. This rule is known as Maimonides’ rule in the literature.

We take the predicted class size as an instrument for observed class size
in the following equation,

yist = cist−1β + x′istγ + εist , (2)

where yist is student i’s outcome in school s at time t, cist−1 is the class size for
student i in the previous academic year, and xist is a set of control variables
including enrollment in a given grade, school fixed effects, and student fixed
effects. Note that school characteristics including school fixed effects are
those of the schools in which students attended in the previous year. This is
because the outcomes observed in the beginning of the year are likely to be
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affected by school characteristics in the previous year. The error term is εist

and uncorrelated with any of the observed variables. We allow for correlation
of the error term within school, and hence, standard errors are clustered at
the school level.

We find controlling for enrollment (= number of students in a given grade)
is necessary to avoid an endogeneity bias. Note that the predicted class size
zst tends to increase in enrollment nst as illustrated in Figure 1, although it
is not monotonic. In fact, the actual class size and enrollment are positively
correlated in our sample.

Figures 2 and 3 provide evidence that enrollment and the SES of students’
families are positively correlated. In Figure 2, we plot enrollment and the
fraction of students having no books at home. Remember that having no
books at home is a proxy for low SES, and hence, the negative regression slope
in Figure 2 implies a positive correlation between enrollment and students’
SES. In Figure 3, we plot enrollment and the fraction of students going to
a private tutoring school. Remember that going to a private tutoring school
can be interpreted as a proxy for higher SES. The evidence suggests that, if
enrollment is not controlled in regressions, the estimated coefficient for class
size are likely to be upward biased.

In addition to enrollment, we also control for school fixed effects to address
a possible correlation between the predicted class size and unobserved school
characteristics. Note that identifying variation for a model with school fixed
effects is the variation of the predicted class size across different cohorts (or
years, equivalently) within school and grade.

For added safety, we additionally control for student fixed effects, which
has not been controlled by previous studies as far as we are aware of. If
students self-select into a smaller class through parents’ school choice, un-
observed students’ and their family characteristics are likely to be corre-
lated with the predicted school size. This is possible if parents are aware of
Maimonides’ rule and know the expected enrollment. Controlling for stu-
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Figure 1: PREDICTED VS ACTUAL CLASS SIZE
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Note: The plot shows the relationship between enrollment count and class size(upper
figure: elementary school, lower figure: junior high school). Each marker represents the

actual class size of schools. Solid lines indicate predicted class size calculated by
Maimonides rule.
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Figure 2: CORRELATION BETWEEN ENROLLMENT AND SES (1)

0 50 100 150 200 250 300
Enrollment Count

0.0

0.2

0.4

0.6

0.8

1.0

%
 o

f s
tu

d
en

ts
 n

ot
 h

av
in

g 
b

oo
ks

 a
t 

h
om

e School
       Slope      
-0.000***(1.5e-05)

0 50 100 150 200 250 300
Enrollment Count

0.0

0.2

0.4

0.6

0.8

1.0

%
 o

f s
tu

d
en

ts
 n

ot
 h

av
in

g 
b

oo
ks

 a
t 

h
om

e School
       Slope      
-0.000***(1.7e-05)

Note: The socio-economic status at a given school district is defined as the numbers of
books at home.
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Figure 3: CORRELATION BETWEEN ENROLLMENT AND SES (2)

0 50 100 150 200 250 300
Enrollment Count

0.0

0.2

0.4

0.6

0.8

1.0

%
 o

f s
tu

d
en

ts
 g

oi
ng

 t
o 

a 
p

ri
va

te
 t

ut
or

in
g 

sc
h

oo
l

School
       Slope     
0.001***(2.6e-05)

0 50 100 150 200 250 300
Enrollment Count

0.0

0.2

0.4

0.6

0.8

1.0

%
 o

f s
tu

d
en

ts
 g

oi
ng

 t
o 

a 
p

ri
va

te
 t

ut
or

in
g 

sc
h

oo
l

School
       Slope     
0.001***(3.1e-05)

Note: The socio-economic status at a given school district is defined as the numbers of
hours spent at private cramming schools outside of formal schooling.
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dent fixed effects enables us to avoid this endogeneity bias arising from self-
selection.

Although we control for more unobserved characteristics than previous
studies, there is a remaining threat for identification, which is teacher char-
acteristics. If teachers are systematically assigned according to class size,
teacher characteristics are likely to be correlated with the predicted class
size. Unfortunately, we are unable to control for teacher fixed effects be-
cause teacher ID is not in the data. We note that, as far as we know, no
previous studies control for teacher fixed effects.

Predicting the direction of the bias from omitting teacher fixed effects
is difficult. On the one hand, highly skilled teachers may be assigned to a
larger class because they are able to teach more students effectively. On the
other hand, highly skilled teachers may be assigned to a smaller class as a
non-monetary reward because teaching a small class may need less effort.

5 Results

5.1 First-stage regression

We first show graphical evidence that Maimonides’ rule has a strong pre-
dictive power for the actual class size. Figure 1 plots the actual class size
and the predicted class size followed by Maimonides’ rule. The top panel is
for elementary school (grade six), while the bottom panel is for middle high
school (grades from seven to nine). Maimonides’ rule implies that class size
sharply drops at the cutoffs that are multiples of 40. The observed class size
closely follows this discontinuous change, although some deviate from the
predictions.

We next show more formal evidence that the predicted class size by Mai-
monides’ rule is strongly correlated with observed class size. In Table 2, we
present the estimates from the first-stage regression. The first set of results
(labeled as Model 3) is from the first-stage regression in which sex, year, and

17



enrollment are controlled. The coefficients for the predicted class size across
different grades are high between 0.66 and 0.88 and statistically significant.
The corresponding F-values are also high, ranging from 508 to 2534. We
soundly reject the hypothesis that the instrument is weak for this specifica-
tion because they are much higher than the threshold value of 10 (see (Stock,
Wright and Yogo, 2002)).

The second set of results (labeled as Model 4) is from the first-stage
regression in which school fixed effects are controlled in addition to the basic
controls in Model 3. The coefficients substantially smaller than those of the
model without school fixed effects. Consequently, the F-values are also small.
With school fixed effects, instruments are strong enough for grades seven and
eight and the pooled sample.

The third set of results (labeled as Model 5) is from the first-stage regres-
sion in which student fixed effects are controlled in addition to school fixed
effects and the basic controls. Controlling for student fixed effects further
reduces the predictive power of Maimonides’ rule. In this specification, the
instrument is strong only for grade seven and the pooled sample.

In the following analysis, we focus on specifications and samples in which
the instrument is strong to avoid biases arising from a weak instrument.
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5.2 Effects on cognitive and non-cognitive skills

Table 3 reports estimates of equation (2) across different specifications for
Japanese and math scores of students in grades six through nine separately.

Columns labeled as Model 1 show OLS estimates with controlling for sex
and year effects. The coefficients for observed class size vary across subjects
and grades. Some are positive significant, some are negative significant, and
others are insignificant. We do not find a clear pattern here.

Columns labeled as Model 2 show IV estimates in which the observed
class size is instrumented by the predicted class size. Control variables are
same as Model 1. One might expect that observed class size is positively
associated with unobserved school resources because schools in urban areas
are larger and their students are from wealthier families. This implies that
the OLS estimates are upward biased, however, the OLS and IV estimates
are very similar in our sample.

In columns labeled as Model 3, we additionally control for enrollment.
Otherwise, the specification remains the same as in Model 2. Because enroll-
ment is positively correlated with socio-economic status of students as well
as observed class size, the estimates from Model 3 are much smaller than
those from Model 2. This implies that controlling for school enrollment is
essential for avoiding omitted variable bias. The estimated coefficients for
observed class size for Model 3 are small negative for both Japanese and
math for all grades and have small standard errors. It is worth noting that
additionally controlling for the quadratic and cubic terms of enrollment does
not essentially change the results (results available on request).

To address possible correlation between the predicted class size and unob-
served school characteristics, we additionally control for school fixed effects.
With school fixed effects, our identifying variation is from within school,
instead of between schools.

The estimates are presented in columns labeled as Model 4. We focus on
grades seven and eight and the pooled sample because the instrument is weak
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for other subsamples. The coefficients are insignificant for both Japanese and
math for all grades and the pooled sample, except for math in grade eight.

We further control for student fixed effects. We focus on grade seven and
the pooled sample, because the instrument is weak for other subsamples.
Columns labeled as Model 5 indicate that the coefficients for Japanese are
close to zero and insignificant. The coefficients for math are small negative,
but statistically significant only for the pooled sample.

As estimates vary by specifications and samples, we do not find strong
evidence that class-size reduction substantially improves students’ academic
performance. While estimates are statistically significant in some specifica-
tions and samples, the point estimates are typically small.
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Table 4 reports estimates across different specifications for the effects of
class-size reduction on non-cognitive skills for each grade. We do not report
estimates for models with a weak instrument.

Columns labeled as Model 1 and Model 2 show that OLS estimates are
negative, but they are statistically significant only for conscientiousness. The
column labeled as Model 3 presents IV estimates. The coefficient for self-
control in grade nine is positive significant, while others are all insignificant.

We control for school fixed effects for conscientiousness and self-efficacy.
Once school fixed effects are controlled, the coefficients are insignificant in
the column labeled as Model 4. Additionally controlling for student fixed
effect does not change the results.

Overall, we do not find evidence that class-size reduction improves stu-
dents’ non-cognitive skills.
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5.3 Alternative specifications

5.3.1 Schools near the cutoff

Although we control for possible confounders by including enrollment and
school and student fixed effects in the regressions, observations with different
distances from the cutoffs for Maimonides’ rule may not be comparable.

We address this issue by taking a subsample near the cutoffs. A drawback
of this approach is a loss of sample size, and hence, standard errors are
typically greater than those in the main results. We do not estimate models
with a weak instrument.

Table 5 presents the estimates for the subsamples around the cutoffs. The
coefficients are small and statistically insignificant in all outcomes except for
the one for Japanese for grade seven. We find that the results from the
subsamples near the cutoff are similar to those from our main results.
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5.3.2 Aggregating to the school level

Some of the previous studies including Akabayashi and Nakamura (2014)
use variables at the school level instead of the student level. This approach
eliminates variations within school-grade-year combination. Hence, if there
is correlation between unobserved class-room and/or teacher characteristics
and the instrument, this approach avoids omitted variable bias. In practice,
however, they are uncorrelated because the predicted class size is same within
school-grade-year combination.

While we do not see any clear advantage or disadvantage of the use of
school-level variables in terms of bias, the standard errors may be larger
because there is less variation in the school-level data.

We examine how estimates change if we aggregate the student-level vari-
ables to the school-level variables. Table 6 shows the first stage regression
estimates. The F-values indicate that the instrument is strong for all grades
when school fixed effects are not controlled, but it is marginally strong for
grade seven when school fixed effects are controlled.

Table 7 reports estimates for test scores when the aggregated variables are
used. Columns labeled as Model 1 and Model 2 show OLS and IV estimates
respectively, with control variables including sex ratio, year, enrollment, and
grade dummies (only for the pooled sample). Coefficients are small negative
except for those for grade nine.

Columns labeled as Model 3 present IV estimates with school fixed ef-
fects to avoid possible endogeneity bias arising from unobserved school char-
acteristics. The identifying variation for this specification is variation within
school across different years. We show results for grade seven and for the
pooled sample because the instrument is strong for these samples only. The
point estimates are not very different from those from the model without
school fixed effects, although standard errors are larger because of omitting
between-school variations.

Table 8 presents the estimates for non-cognitive skills. The results are
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very similar to those from the student-level data. Namely, we do not find
evidence that class-size reduction improves students’ non-cognitive skills.
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5.3.3 Schools strictly following Maimonides’ rule

We take a subsample of schools that follow Maimonides’ rule strictly and
estimate the effects of class size. Because we use the predicted class size by
Maimonides’ rule as an instrumental variable, whether observed class size in
a given school follows Maimonides’ rule strictly or not does not matter to
identification. The identifying variation for an IV regression is precisely the
predicted class size by Maimonides’ rule.

Nevertheless, we report our estimates based on a subsample of schools
that follow Maimonides’ rule strictly for skeptic readers. Due to the sample
size being so small, we are unable to control for school fixed effects. Our
estimates in Table 9 indicate that the effects of class size are insignificant.
They differ from the estimates from our main sample perhaps by chance due
to large standard errors, perhaps because the schools that follow Mainonides’
rule strictly are not representative, or both.
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5.4 Heterogeneity by socio-economic status

We examine how effects of class size vary by individual students’ SES, rather
than by schools. We split the sample by whether they have no books at home
or not, which is a proxy for low SES. Tables 10 and 11 report estimates
for cognitive and non-cognitive skills. We do not find clear evidence that
the effects of class-size reduction varies by individual SES measured by the
number of books.

Finally, we estimate heterogeneity by whether a student goes to a pri-
vate tutoring school, which is a proxy for higher SES because students from
wealthier families are more likely to go to an expensive private tutoring
school. Table 12 shows estimates for cognitive skills. They are smaller for
students not going to a private tutoring school, implying that effects of class-
size reduction tend to be stronger for them. Table 13 report estimates for
non-cognitive skills. They indicate that there is no class-size effects across
subgroups.
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5.5 Discussion

5.5.1 Comparison with previous estimates

Our preferred estimates based on the IV regressions without school fixed
effects for Japanese and math test scores range from 0.01 to 0.07 standard
deviations for a 10-student reduction. They are in the same ballpark of exist-
ing estimates from Japanese data, although slightly smaller than estimates
by Ito et al. (2017) and the estimate for Japanese test scores for sixth graders
by Akabayashi and Nakamura (2014).

Ito et al. (2017) argue that previous papers report small or insignifi-
cant effects of class size because the previous papers rely on between-school
comparison, and hence, fail to control for unobserved school characteristics.
While they are right in the sense that controlling for school fixed effects is im-
portant for their data from an anonymous city in Chubu region, controlling
for school fixed effects does not seem to bias estimates substantially in our
data from an anonymous prefecture and data from Yokohama.4 We argue
that, although small, the differences in the estimates are likely to reflect the
fact that samples are taken from different locations, rather than differences
in their statistical methods.

5.5.2 Can class-size effects on grade eight students be real?

Although the effects of the class-size reduction seems small, if any, the esti-
mates for Japanese and math for grade eight students are larger than those
for other grades. While this may simply be by a chance, this might be related
to the fact that students are promoted from an elementary school to a junior
high school.

Because students in our sample take the achievement test in April, which
is the beginning of school year, we estimate the effects of class size in the

4In their robustness check, Akabayashi and Nakamura (2014) control for school fixed
effects and find that estimates do not differ from their preferred estimates without school
fixed effects.
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previous school year on the outcomes in April. Therefore, effects on outcomes
of eighth graders reflect the effects of class size in grade seven. Note that
grade seven is the first year in junior high school, which is usually completely
separated from elementary schools.

In informal conversations, teachers mentioned that the new junior high
school students (i.e. seventh graders) often faced challenges caused by drastic
changes in school environments. Perhaps, smaller class size may help the
students adjust themselves to the new environment.

6 Conclusion
We estimated the effects of class size on students’ academic test scores and
non-cognitive skills, using data that cover all public school students in grades
from four to nine in an anonymous prefecture. Our identification approach
is based on Maimonides’ rule for class size.

We find that the effects of class-size reduction on Japanese and math test
scores are rather small. The estimates from our preferred specification range
from 0.01 to 0.07 standard deviations for a 10-student reduction. We also
find no effects of class-size reduction on non-cognitive skills. Our estimates
are robust to the choice of statistical methods. Most importantly, controlling
for school fixed effects does not change the estimates substantially.

The results from subsample analysis indicate that the effects of class-size
reduction are stronger for students not going to a private tutoring school,
although the effect size is still small even for these students.

Given that our estimates are robust to the choice of statistical methods
and that class-size effects vary among students, the different estimates across
existing studies on Japan are likely due to the fact that they are based on
different population groups, rather than different statistical methods. Com-
prehensive research on identifying subpopulation groups for which class-size
reduction is effective is an interesting future research topic.
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An important limitation of our paper as well as other existing studies on
Japan is a lack of teacher information. If skilled teachers are assigned to
smaller classes as a non-pecuniary reward or if hiring more teachers lowers
the average teacher quality, teacher quality is correlated with class size. An-
other interesting question is whether class-size reduction is effective under a
particular circumstance or not. For example, teachers could take advantage
of smaller class size, if they are allowed to choose what to teach depending
on students’ skills. To address these issues, data on teacher characteristics
and their teaching environment are necessary.
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A Additional tables and figures

Table 14: ITEMS CONSISTING OF NON-COGNITIVE SKILLS
Class Group Question Items
Non Cognitive Ability Self-control I forgot something needed for school

I interrupted other people.
I said something rude.
I could not find something because of mess.
I lost temper.
I did not remember what someone said to do.
I mind wandered.
I talked back when upset.

Self-efficacy I believe I will receive an excellent grade in this clas.s
I’m certain I can understand the most difficult material presented in the readings for this course.
I’m confident I can understand the basic concepts taught in this course.
I’m confident I can understand the most complex material presented by the instructor in this course.
I’m confident I can do an excellent job on the assignments and tests in this course.
I expect to do well in this class.
I’m certain I can master the skills being taught in this class.
Considering the difficulty of this course, the teacher, and my skills, I think I will do well in this class.

Conscientiousness I do my job without carelessness and inattention.
I work hard and with pleasure.
I engage myself in the things I do.
During class-time I am concentrated on the things I do.
When I finish my homework, I check it many times to see if I did it correctly.
I respect the rules and the order.
If I take an engagement I keep it.
My room is in order.
When I start to do something I have to finish it at all costs.
I like to keep all my school things in a great order.
I play only when I finished my homework.
It is unlikely that I divert my attention.
I do my own duty.
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