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Abstract

This study examines the effects of the COVID-19 pandemic on academic achievements in mathematics and
Japanese language among public elementary and junior high school students from grades 1 to 8. Using data from
the Amagasaki City Survey of Academic Achievement and Life Conditions from 2018 to 2021, this study
compares the growth in the academic achievement of COVID-19 and non-COVID-19 cohorts 7 and 19 months
after the school closure using the difference-in-differences method. The findings indicate that the negative impact
of the pandemic on academic achievement was more pronounced in math compared to Japanese language, both
at 7 months and 19 months after the closure. Math scores showed a considerable decline of 0.129 standard
deviations (SD) and 0.251 SD at 7 and 19 months after the closure, respectively, while Japanese language scores
only worsened slightly by 0.006 SD and 0.062 SD during the same periods. Further, the negative effects on
Japanese language scores were more significant in younger grades, whereas math scores were consistently
affected across all grades.
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1. Introduction

The spread of the coronavirus disease 2019 (COVID-19) caused temporary school
closures in many countries and regions, resulting in a decline in student academic
achievement (Australia: Gore et al. 2021; Belgium: Gambi et al. 2021; Maldonado and
De Witte 2022; Brazil: Lichand et al. 2022; Colombia: Vegas 2022; Denmark: Birkelund
and Karlson 2022; Germany: Schult et al. 2022a, 2022b; Italy: Bazoli et al. 2022; Contini
et al. 2022; Japan: Asakawa and Ohtake 2022; Mexico: Hevia et al. 2022; Netherlands:
Engzell, Frey, and Verhagen 2021; Haelermans et al. 2022; Spain: Arenas and Gortazar
2022; South Africa: Ardington, Wills, and Kotze 2021; Switzerland: Tomasik, Helbling,
and Moser 2021; UK: Blainey and Hannay 2021; US: Jack et al. 2021; Kuhfeld et al.
2020; Kuhfeld, Lewis, and Peltier 2022; Kuhfeld et al. 2022).

Some studies used the meta-analysis and systematic review methods to show that the
negative impact of the COVID-19 pandemic on academic performance varies widely by
country/region (Betthduser, Bach-Mortensen, and Engzell 2023; Donnelly and Patrinos
2022). Qualitatively, the negative impact of COVID-19 on students’ test scores was
confirmed in several countries and regions. However, quantitatively, the magnitude of the
impact varies across countries and regions. For example, Betthduser et al. (2023)
conducted a meta-analysis using estimates from 42 previous studies in 15 countries, and
found that COVID-19 reduced students’ test scores by an average of 0.14 SD. They also
confirmed that the students with a less advantaged socioeconomic status were more likely
to deteriorate their test scores due to COVID-19, and that test scores declined more in
middle-income countries than in high-income countries due to the COVID-19.

However, evidence on the impact of COVID-19 on students' academic performance
has not been fully accumulated in Japan. Therefore, this study estimates the effects of the
COVID-19 pandemic, accompanied by the declaration of a state of emergency and

temporary school closures to prevent the outbreak,' on Japanese language and math test

' On January 16, 2020, the first case of COVID-19 infection was confirmed in Japan. Subsequently, the
Japanese government requested that all elementary, junior high, high, and special-needs schools be
temporarily closed from March 2, 2020 until spring break to prevent the nationwide spread of infection
among students. After the spring break ends on April 6, 2020, schools remained closed in municipalities
with serious COVID-19 outbreaks. As of May 11, 2020 (2 months and 10 days after the closure), the school
closure rate was approximately 88%. In addition, 33% of schools remained closed for more than 2 months
and the closures were lifted for all schools on June 1, 2020. For the the state of emergency, on April 7, 2020,



scores for students in grades 1-8 in all public elementary and junior high schools in
Amagasaki City, Japan. Amagasaki City is a large municipality with a population of
approximately 460,000 in 2019, just before COVID-19, yet the average household
income in 2019 was approximately 4.62 million JPY, lower than the average of 5.58
million JPY in Hyogo Prefecture and the national average of 5.61 million JPY.

To compare test scores for the same school grade across different cohorts, we use the
Amagasaki City achievement test, which is vertically and horizontally equalized
according to item response theory (IRT, Embretson and Reise 2013). We standardize the
test scores to compare effect sizes across grades and previous studies. In Amagasaki City,
the COVID-19 school closure period (March 2-May 31, 2020) was 12 weeks, so the
period between the end of the closure and the 2020 and 2021 achievement tests used in
the analysis was 7 and 19 months, respectively.

We use the difference-in-differences (DID) method to estimate the impact of the
COVID-19 pandemic on students' Japanese and math 7 months and 19 months after the
school closure. To estimate the impact 7 months after the school closure, we compare the
growth from 2019 to 2020 for the COVID-19 experience cohort (treatment group 1) with
the growth from 2018 to 2019 for the COVID-19 non-experience cohort (control group
1). Furthermore, to analyze the impact 19 months after the school closure, we compare
the growth from 2019 to 2021 for the cohort who took the test twice after the COVID-19
school closure (treatment group 2) and the growth from 2018 to 2020 (control group 2).
However, because control group 2 includes the effect of school closure in 2020, we
remove this effect by subtracting the effects 7 months after the school closure estimated
between treatment group 1 and control group 1. To facilitate interpretation, we analyze
the data at 7 months after school closure for three grade groups: lower elementary for
grade groups 1-3, upper elementary for grade groups 4-5, and junior high school for

grade groups 6—7 in the first of the two analysis periods. In the analysis, 19 months after

the first state of emergency was issued for Saitama, Chiba, Tokyo, Kanagawa, Osaka, Hyogo, and Fukuoka
prefectures. In addition, on April 16, 2020, the government issued a state of emergency for the remaining
prefectures. Subsequently, the state of emergency declaration was continued in only eight prefectures
(Hokkaido, Saitama, Chiba, Tokyo, Kanagawa, Kyoto, Osaka, and Hyogo) on May 14, 2020, lifted in Kyoto,
Osaka, and Hyogo on May 21, 2020, and lifted in all prefectures on May 25, 2020. In 2021, states of
emergency were also declared in some prefectures for periods of up to January 8 to March 21, April 25 to
June 20, and July 12 to September 30.



school closure, only grade 6 is considered junior high school due to a lack of data.

We further perform quantile-DID and DID with interaction terms to check for
heterogeneity of effects across quantiles of test scores and pre-determinant variables,
including gender and socio-economic status of the student's household. In addition, we
conduct a triple-difference (DDD) estimation to identify heterogeneity in the effects
between students in schools that significantly reduced athletic events after school closure
and others.

There are five main findings. First, the negative effects of the COVID-19 pandemic
were greater for math than for the Japanese language at 7 months, and the deterioration
in math scores was more pronounced than in the Japanese language at 19 months after
school closure. Specifically, Japanese language scores worsened slightly by 0.006 SD and
0.062 SD on average at 7 and 19 months after school closure, respectively. On the other
hand, math scores worsened considerably by 0.129 SD and 0.251 SD at 7 and 19 months
after school closure, respectively. Second, Japanese language scores were negatively
affected only in the lower grade groups, but the negative effects on math scores did not
differ by grade group. Third, Japanese language scores declined more in the upper quartile
only in elementary school students, while math scores declined more in the lower quartile
in all grades. Fourth, the negative effects of the COVID-19 pandemic varied little
depending on the living condition before the COVID-19 pandemic and the gender of the
student. However, female students had a smaller negative impact on the Japanese
language scores than male students in junior high school. Finally, reducing athletic events
after school closure contributed little to the recovery of academic performance.

There are four significant contributions that this study makes to the literature, as
follows. First, it examines the impact of the COVID-19 pandemic on academic
achievement by using vertically and horizontally equated tests based on IRT to account
for changes in test difficulty. In Japan, the Ministry of Education, Culture, Sports, Science,
and Technology (MEXT 2021a, 2021b) showed that school closures did not affect the
mean or variance of student achievement by using the annual National Assessment of
Educational Progress and Learning for sixth-grade and ninth-grade students in Japan.
However, this is not an IRT test, so these results may not adequately identify the impact
of the COVID-19 pandemic and the changes in test difficulty. Therefore, our study
attempts to remove the effects of the changes in test difficulty using the IRT test of



Amagasaki City. This approach aims to offer a more accurate identification of the effects
of the COVID-19 pandemic on students’ academic performance.

Second, we examine the effects of the COVID-19 pandemic on academic
achievement for the grades 1-8 of public elementary and junior high schools. We then
compare the effect sizes across grades in Amagasaki to those in existing studies by
standardizing the Japanese and math grades at the time of school closure by school grade.
This comparison helps clarify whether the effect of school closure differs by grade level,
as in previous studies where the effect differed by country/region.

Third, our study examines the medium- and long-term effects of the COVID-19
pandemic on academic achievement. Some existing studies analyzed test data from 2021,
more than a year after the school closures (Asakawa and Ohtake 2022; Blainey and
Hannay 2021; Kuhfeld, Lewis, and Peltier 2022). By comparing academic performance
7 and 19 months after the closure, we can provide insights into the duration of the impact
of the COVID-19 pandemic on academic achievement.

Finally, we analyze the heterogeneity of the impact of the COVID-19 pandemic based
on the differences in achievement quartiles, pre-determinant variables, and reduced hours
of athletic events after the closure. No consensus has yet been reached as to which
academic levels were most affected by the school closures. For example, some studies
showed that the lower the academic achievement level was, the greater was the negative
impact of the COVID-19 pandemic on academic achievement (Ardington, Wills, and
Kotze 2021; Asakawa and Ohtake 2022; Kuhfeld et al. 2022; Schult et al. 2022a, 2022b).
Other studies showed that the top academic groups are negatively affected (Contini et al.
2022; Gambi et al. 2021). Moreover, while many countries/regions reduced athletic
events after the school closures, no study examined the measure for recovering lost lecture
time. Therefore, we determine whether the effects of the COVID-19 pandemic on
academic achievement differ by achievement level and the reduction of athletic events.
This heterogeneity analysis provides insights into the grades and subjects for which the
achievement gap became wider.

This paper consists of seven sections. Section 2 reviews previous studies. Section 3
describes the school closures of elementary and junior high schools in Amagasaki City.
Sections 4 and 5 explain the data and the estimation method, respectively. Section 6

presents the results of the empirical analysis. Section 7 concludes the paper.
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2. Existing research

In existing research, the countries, grades, subjects, and timing and methods of tests vary
from study to study. Here, we focus only on related studies comparable to ours.
Specifically, we review the studies in which standardized test scores and national
language or math test results are analyzed.

In Australia, where the first wave of school closures lasted as little as 8 weeks, Gore
et al. (2021) used matching estimation to analyze the impact on language and math scores
of grade 3 and 4 students in New South Wales 6—8 months after the school closure. They
found that neither national language nor math scores were significantly affected.

In Germany, where the school closure period was also 8 weeks, Schult et al. (2022a)
estimated the effects of the school closure on the national language and math scores of
grade 5 students in the state of Baden-Wiirttemberg, 5 months after the school closure.
Their pre-post analysis found a negative effect of -0.07 SD for national language and -
0.06 SD for math. In a pre-post analysis, Schult et al. (2022b) estimated the effects on the
same cohort’s national language and math scores 17 months after the school closure. They
found that the national language scores recovered slightly (-0.045 SD), while math hardly
did so (-0.063 SD).

In the Netherlands, where schools were closed for 8 weeks in the first wave and the
hybrid teaching period was 4 weeks, Haelermans et al. (2022) used DID to estimate the
impact on the national language and math scores of students in grades 1-5, 2 to 3 months
after closure. They found the effects of the COVID-19 pandemic on national language
and math scores to be negative (-0.096 to -0.190 SD for National language and -0.129 to
-0.326 SD for math). Additionally, when comparing the effect size by grade level, the
negative effect was larger in the higher grades, especially for math.

In Belgium, where the first wave of school closures lasted 9 weeks, Maldonado and
De Witte (2021) used a fixed effects model to estimate the impact of the COVID-19
pandemic on the national language and math scores of grade 4 students in the Flemish
region 1 month after the school closure. The results showed a negative effect of -0.19 SD
for the national language and -0.17 SD for math. Gambi and De Witte (2021) used a fixed
effects model to estimate the impact on the national language and math scores of grade 6
students in the same region 13 months after the school closure, and found a negative

impact of -0.14 SD for the national language and -0.05 SD for math. In addition, only the



national language scores worsened further over time after the school closure.

Considering the first wave of 10-week school closures in the UK, Blainey and
Hannay (2021) estimated the impact on the language and math scores of students in
grades 1-6, 4—7 months after the school closure by comparing the post-school closure
test scores with those of the same cohort in the previous school year. Their analysis results
indicated a negative effect of -0.02 to -0.155 SD for the national language and -0.02 to
-0.09 SD for math. Comparing the effect size by grade, the negative effects were
particularly large for grades 1-3 in the national language and grades 1, 3, and 5 in math.
UK schools were closed in a second wave from December 2020 to January 2021 for 10—
14 weeks. Therefore, Blainey and Hannay (2021) also estimated the impact on scores in
January—April and April-July 2021, and found that both language and math scores
worsened compared to 4—7 months after the first wave of the school closure.

In Japan, the longest school closure period for the first wave was 12 weeks. Asakawa
and Ohtake (2022) estimated the DID effect on math scores at the time of school closure
and at three other time points (3, 7, and 10 months after the closure) for grade 4 and 5
students in Nara City. The results showed that scores decreased by -0.14 SD at the time
of the school closure, but recovered by -0.075 SD (3 months after the school closure),
0.26 SD (7 months after the school closure), and 0.295 SD (10 months after the school
closure). Furthermore, the higher was a student’s grade at the time of the school closure,
the faster proved the recovery of academic achievement after the school closure.

In Italy, where the first wave of school closures lasted for 15 weeks, Contini et al.
(2022) estimated the impact of DID on the math scores of grade 2 students in the province
of Torino 4 months after the school closure. They found a negative impact of only
-0.19 SD. Bazoli et al. (2022) used coarsened exact matching for grades 5, 8, and 13
students randomly sampled class-by-class from the SY2020-2021 national test
(INVALSI). They found a negative effect of -0.316 to -0.057 SD for the national language
and -0.291 to -0.142 SD for math. Furthermore, comparing the effect size by grade level,
the effects of the national language and math on the youngest students, those in grade 5,
were small.

In the U.S., where school closure periods varied widely across states and hybrid
instruction was often used, Kuhfeld, Lewis, and Peltier (2022) used a national test

(NWEA Measures of Academic Progress) administered during August—-November 2020



to students in grades 3—7. Based on pre-post analysis to estimate the impact on language
arts and math scores, they found that, while the impact on language arts varied by grade
(-0.024 to 0.045 SD), the impact on math was negative for all grades (-0.181 to -0.11 SD).
Furthermore, in the following year, the effect sizes for language arts and math were -
0.095 to -0.173 SD and -0.213 to -0.262 SD, respectively, indicating that academic
achievement worsened for all grades. In both language arts and math, the younger the
student was, the greater was the deterioration in academic achievement. Kuhfeld et al.
(2022) conducted a multilevel growth model analysis of students in grades 3—7 who took
the same test during August—-November 2020, December 2020-March 2021, and March—
June 2021. They showed that language arts and math scores worsened progressively over
time after the school closure. Moreover, the younger the students were, the greater was
the deterioration of their academic performance in both subjects.

Table 1 and Figure A1 summarize the above results by school grade. Considering the
mean effect sizes by grade group, Table 1 shows that, in Japanese language, the negative
impact of the COVID-19 pandemic was larger for the lower grade groups (grades 1-3: -
0.14 SD, grades 4-5: -0.073 SD, grades 6—7: -0.058 SD). In math, Table 1 also shows that
the negative effect of school closure was slightly larger for the lower grades, but the
difference between grades was smaller than that for national languages (grades 1-3: -

0.147 SD, grades 4-5: -0.14 SD, grades 6—7: -0.129 SD).

(Table 1 around here)

There are four possible reasons for these varying effects of the COVID-19 pandemic
on academic performance. The first is that the duration of school closures varied among
countries/regions. For example, previous studies showed that some countries had no
school closures (e.g., Sweden). By contrast, others closed schools for less than 10 weeks
(Australia: 8 weeks, Belgium: 9 weeks, Denmark: 4 weeks for grades 1-5 and 8 weeks
for grades 69, Germany: 8 weeks, Netherlands: 8 weeks, Switzerland: 8 weeks), 10-20
weeks (Japan: 12 weeks, Spain: 12 weeks, South Africa: around 10 weeks, Italy: 15
weeks), more than 20 weeks or shifted to a hybrid system (UK: 20-24 weeks, Brazil: 35
weeks, Mexico: 48 weeks, Columbia: around 68 weeks). The differences in the length of

COVID-19 school closure may have directly affected the magnitude of the effect on



academic performance.

The second reason is that the period between the day after the school closure and the
test being analyzed varied among countries/regions. For example, the test was
administered within 3 months after the school closures in the Flemish region (Belgium),
the Netherlands, and Nara City (Japan). However, in New South Wales (Australia), the
test was administered for the first time 6—8 months after the school closure (Asakawa and
Ohtake, 2022; Engzell et al., 2021; Gambi and De Witte, 2021; Gore et al., 2021;
Haelermans et al., 2022; Maldonado and De Witte, 2021). Asakawa and Ohtake (2022)
and Jack et al. (2022) showed that academic performance recovered after resuming face-
to-face classes. Therefore, the estimated effect size may have been smaller the longer was
the interval between the school closure and the test administration period.

The third reason is that the starting month for classes differs among countries/regions.
Since most countries covered by previous studies start classes from July to September,
they were already in the latter half of the school year in March 2020 when the COVID-
19 school closures started. However, in other countries, the COVID-19 school closures
started just after the new school year (Australia and Colombia) or just before it (Japan).
The new school year includes increased difficulty in learning content and a change of
classmates, so students need to adjust to a new environment. If the school closure
coincides with the start of a new school year, the academic achievement decline due to
the pandemic may be greater.

The fourth reason is that the sudden COVID-19 school closure in many countries and
regions imposed considerable limitations on the grades, regions, and subjects tested that
could be used in the analysis. Further, some studies used more than five grades in their
research (Haelermans et al. 2022: grades 1-5, Blainey and Hannay 2021 2022a: grades
1-6, Kuhfeld et al. 2022a: grades 4-8, Kuhfeld et al. 2022b: grades 4-8), while other
studies used only one grade (Arenas and Gortazar 2022; Contini et al. 2022; Gambi and
De Witte, 2021; Gore et al. 2021; Schult et al. 2022a; Schult et al. 2022b; Vegas 2022).
Most studies use the national language and math as outcomes, but effect sizes vary widely

across countries and regions.? In Japan, MEXT (2021a, 2021b) showed that school

2 When we averaged the effect sizes in previous studies using standardized scores as outcomes, the effect
of school closures was around -0.085 SD for the national language and -0.151 SD for math (Arenas and
Gortazar 2022; Asakawa and Ohtake 2022; Bazoli et al. 2022; Blainey and Hannay 2021; Contini et al.
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closures did not worsen Japanese and math achievement scores using cross-sectional data
from the National Assessment of Academic Ability for grades 6 and 9. Using panel data
from April 2019 to March 2021, Asakawa and Ohtake (2022) showed that the COVID-
19 pandemic caused a temporary decline in the math scores of grade 4 and 5 public
elementary school students in Nara City, but the students recovered to the pre-closure
level after 6 months. However, few studies have comprehensively analyzed the effects of

the COVID-19 pandemic on academic achievement across grades.

3. Response to COVID-19 in elementary and junior high schools

3.1 Nationwide response to COVID-19

In Japan, measures against COVID-19 infection began earnestly in elementary and junior
high schools in late February 2020.

On February 25, 2020, the MEXT stated that the decision of school closure in the
case of COVID-19 infection was left at the discretion of each local government. However,
on February 27, 2020, Prime Minister Abe announced a nationwide simultaneous
temporary school closure policy for elementary, junior high, high, and special-needs
schools. On the same day, the MEXT requested the temporary closure of all schools from
March 2, 2020 until the start of the spring break. Due to the spread of COVID-19, a state
of emergency was subsequently declared for seven prefectures on April 7, and the
declaration became nationwide on April 16.

As a result, temporary school closures were mainly extended in areas where the
infection situation was serious until May 31, when the emergency declaration was lifted.
Specifically, the school closure rate for elementary, junior high, and high schools in Japan
was around 99% as of March 16, 2020 (14 days after the school closure), 95% as of April
22 (1 month and 20 days after the school closure), and 88% as of May 11, 2020 (2 months
and 10 days after the school closure).

After the COVID-19 school closure, many schools reduced their events to

compensate for the class time loss due to the closure. This reduction in school event

2022; Gambi and De Witte 2021; Gore et al. 2021; Haelermans et al 2022; Kuhfeld et al 2022a; Kuhfeld et
al 2022b; Maldonado and De Witte 2021; Schult et al. 2022a; Schult et al. 2022b; Vegas 2022). However,
Maldonado and De Witte (2021) and Vegas (2022) reported larger negative effects for the national language,
suggesting a heterogeneity of effects by country and region.
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implementation and preparation time was expected to improve students' academic
performance by allowing more class time. For example, the “School Questionnaire of the
National Assessment of Academic Ability 2021 showed that school events were
reconsidered in 94.4% (elementary schools) and 93.6% (junior high schools) nationwide,
and in 97.7% (elementary schools) and 96.9% (junior high schools) in Hyogo Prefecture
(excluding designated cities), where Amagasaki City is situated. However, reduction or
cancellation policies for school events vary widely among schools and grades. Moreover,
the National Assessment of Academic Ability does not provide objective data on which

events have been reduced and by how many hours.

3.2 Response to COVID-19 in Amagasaki City

Following the nationwide request for temporary school closure, Amagasaki City closed
all schools from March 3 to May 31, 2020, with "dispersed school attendance once a
week" during the last week of May, "dispersed school attendance" from June 1 to 12, and
"regular school attendance" from June 15.

During this period, Amagasaki City took the following measures based on a notice
from the MEXT. First, students were asked to refrain from going out and attending school
during the school closure period. Second, schools were to keep in close contact with
students staying at home due to the temporary school closure and their parents. Third,
during the original class period, the students were provided with paper-based learning
materials based on their textbooks for self-study. However, the content and number of
paper-based learning handouts could differ among schools. In addition, educational
materials and videos were introduced and provided through education board websites to
enable children to study by themselves using ICT terminals in their homes.

From June 2020 to 2021, after the school closure, many school events were reduced
or canceled in elementary and junior high schools in Amagasaki City. However, since
most of the school events were not recorded as objective data, the reduced time of school
events at each school and grade is largely unknown. Among them, athletic events, the
only events for which Amagasaki City has objective data, showed large variations in the
method of holding events, and their time was reduced after the school closure. For
example, some schools divided events into separate grades, drastically reduced event

content, substituted an event with a regular physical education class, or canceled the event

10



altogether. As a result, the amount of reduced time for athletic events varied among

schools and grades, as did the increased class time due to the reduction of athletic events.

4. Data

The data used in this paper are individual data from the "Amagasaki City Survey of
Academic Achievement and Life Conditions." This survey was conducted independently
by the city of Amagasaki for all students from the first grade of elementary school to the
second grade of junior high school in Amagasaki City from FY2018 to FY2021. The
survey consists of an academic achievement survey and a questionnaire survey
administered to all elementary schools in December each year and all junior high schools
on a specific day in January. The data period is from FY2018 to FY2021. The first two
fiscal years are pre-COVID-19 and the latter two are post-COVID-19.

The academic achievement tests are as follows. The achievement test is based on
content common to all schools, with a private education provider creating the paper test.
The paper test consists of two subjects (Japanese and mathematics) and takes 40 minutes
for grades 1-6. In comparison, it includes a test of 45 minutes each for five subjects
(Japanese, mathematics, science, social studies, and English) for grades 7 and 8 in junior
high school. The paper tests were collected after the tests were administered and scored
by the private educational providers who wrote the questions. The results were provided
to Amagasaki City after equating them based on IRT by a private education provider.

In addition to the achievement survey, we collected information from questionnaires
administered on the same day as the achievement survey and administrative data,
including Basic Resident Registration data. The questionnaires were administered the
same day as the paper test and were about the students and their lives. The Basic Resident
Registration data contain a code that the local government hashes to identify student's
identity and household information. Using a code that identifies the individual, we can
use other administrative information, such as data on public assistance and school
attendance assistance.

The following restrictions apply to the data. First, they are limited to students who
took the same-day achievement test. Second, the data are limited to students who reside
in Amagasaki and attend public schools in the city. Third, we cannot use the information

on school districts and addresses of students because the test data and the Basic Resident
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Registration data were provided by hashing students' names and address data by
Amagasaki City. Therefore, it is impossible to match these data with the number of new
COVID-19 cases per school district or the macro data on school districts and addresses.
As a result of these restrictions, the maximum sample size available was 21,937.

Additionally, we used data on the schedule of athletic events from FY2019 to
FY2021. Elementary and junior high schools in Amagasaki City are required to apply to
the city at least two weeks before the scheduled date and time of the event. After the
application is made, the events must be held as requested. In 2019, before the school
closure, all schools held athletic events with the participation of all students, but from
2020 onward, the time and schedule differed among schools and grades due to the
COVID-19 measures. As a proxy variable for reducing school events after the school
closure, we used the scheduled hours of physical education events for each school and
grade level from 2019 to 2021.

We now define the variables used in the analysis and present their descriptive
statistics. First, we describe the outcome variables—the IRT tests for Japanese and math.
We use standardized test scores as outcome variables to compare the estimated results of
the effects of the COVID-19 pandemic on the scores of Japanese and math with those of
existing studies. The test difficulty can be regarded as equivalent across years for the same
grade level because the test questions are designed based on the IRT. Therefore, we
independently standardized the prime test scores for Japanese and math for the pairs of
DID estimation, treatment group 1 (T1, 2019-2020) and control group 1 (C1,2018-2019),
and treatment group 2 (T2, 2019-2021) and control group 2 (C2, 2018-2020).
Additionally, we standardized the test score independently for each grade level to
compare effect sizes across grades.

Figures A2 and A3 show the histograms of standardized test scores for Japanese and
math by cohort and period. From top to bottom, the histograms for each subject are shown
for control group 1, control group 2, treatment group 1, and treatment group 2. The left
panel shows the distribution of the second period of the two periods (After: After = 1) for
each cohort, and the right panel shows the distribution of the first period (Before: After =
0). These figures show no significant difference within subjects before the school closure,
but the distribution is extended more to the left in math than in Japanese.

Next, we explain three pre-determined variables. First, among the list of households
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eligible for school attendance assistance, we create a dummy for households receiving
school attendance assistance (1 if the household receives school attendance assistance at
After = 0, and 0 otherwise).? Second, living with one parent dummy is created (1 if the
student is either in a single-parent household or one of the parents lives alone outside of
Amagasaki City at After = 0, and 0 otherwise). Third, we create a female dummy (1 if the
student is female, and 0 otherwise).

Moreover, to examine whether the reduction of athletic events by school and grade
contributed to the recovery of academic achievement after school closure, we first
confirm the distribution of reduced hours for athletic events. Figure A4 shows the
histogram of the difference between the scheduled hours of events in 2019 and 2020—
2021 and Figure A5 the changes in the scheduled hours of events in 2019-2021 by school
and grade. These figures include two groups with different event reduction times
bordering on 200 minutes both in FY2020 and FY2021. Therefore, we create two athletic
event reduction dummies that take 1 if the athletic events are reduced by over 200 minutes
from FY2019 to FY2020 and from FY2019 to FY2021. Specifically, we first calculate
the difference in the scheduled time of athletic events before and after the school closure
for each school and grade. Then, we create two dummy variables, Reduc20,,, and
Reduc21., ,that take 1 for schools and grades that reduced their athletic events by over
200 minutes from FY2019 to FY 2020 and from FY2019 to FY 2021, respectively.

Table 2 shows descriptive statistics by cohort, period, and grade group for the
outcome variables used in this study. For reference, descriptive statistics of the prime test
scores are included. Table 3 shows descriptive statistics for the pre-determinant variables
and athletic event reduction dummies in the “Before” by cohort and grade group. To
examine whether each variable differs between cohorts, the results of the balance test,

that is, the p-value of the t-test are also shown.

(Tables 2 and 3 around here)

3 These are households with the head of household defined as a person in need of public assistance, as
prescribed by Article 6, Paragraph 2 of the Public Assistance Act (around 90,000 persons in FY2021) and
those whose head of household is recognized by the municipal board of education as being in need of public
assistance as prescribed per Article 6, Paragraph 2 of the Public Assistance Act (about 1,210,000 persons
in FY2021). The number of households eligible for school attendance assistance is calculated as the total
of public assistance households and quasi-necessary public assistance households.
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Table 2 shows that treatment groups T1 and T2 had higher test scores before the
school closure than control groups C1 and C2, respectively. Specifically, compared to
“Before," which does not include the effects of COVID-19 pandemic, grade groups 1-3
had higher scores for both T1 and T2 cohorts than C1 and C2 in both subjects, grade
groups 4-5 had higher scores for both T1 and T2 cohorts than C1 and C2 in math only,
and grade groups 6—7 had higher scores for both T1 and T2 cohorts than C1 and C2 in
both subjects at the 10% level. However, in Table 3, the number of households receiving
school attendance assistance is smaller in the treatment group than in the control one. No
obvious differences in other variables are observed between the treatment and control

groups.

5. Estimation method

5.1 Main analysis

5.1.1 Impact 7 months after the school closure

Using the DID method, we compare the differences between the growth in standardized
scores in Japanese and math from 2019 to 2020 for the COVID-19 experienced group 1
(Ty) and from 2018 to 2019 for the COVID-19 non-experienced group (C;). Figure 1

shows the cohorts and timing of the tests used in the estimation.

(Figure 1 around here)

To facilitate interpretation and identify the impact of COVID-19 on academic
performance by school grade groups, we divide students in both cohorts from grades 1-

7 at After = 0 into three grade groups based on their grade at After = 0 (lower
elementary: grades 1-3, upper elementary: grades 4-5, and junior high school: grade 6—
7). The estimation equation for each grade group g € {grades 1-3, grades 4-5, grades 6—

7} can be written as follows:

Yo = a; +y COVID19; + A After; + § COVID19; * After, + vsy + & (D

Now, let Y;; be the standardized test scores of Japanese and math for student i in year
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t € {2018...2020}. COVID19; is a dummy variable that takes 1 if student i is in
treatment group T; (0 for control group C;). After; is a dummy variable that takes 1 if
the test for T; was conducted in 2020, and the test for C; was conducted in 2019 (0 if the
test was conducted 1 year earlier). a; and v, are individual fixed effects and school
grade fixed effects at After; = 0 (T; cohort is for FY2019, C; cohort is for FY2018),
respectively. €;; denotes the error term. We also assume that E[g;;|t] = 0.

Denoting G and c as the grade group and cohort, respectively, the ATT of the COVID-
19 pandemic on standardized test scores in Japanese and math for grade group g, &g arr

can be written as follows:

)

9,ATT = {E[Y;|G = g,c =Ty, t = 2020] — E[Y;|G = g,c =Ty, t = 2019]}}

—{E[Y|G = g,c = C,,t = 2019] — E[Y,;|G = g,c = C,,t = 2018]} (2)

We estimate equation (1) for each grade and then average the estimation results for

all grade groups for each subject and compare the effect size with those in existing studies.

5.1.2 Impact 19 months after the school closure

Here, we compare the growth in standardized scores in Japanese and math from 2019 to
2021 for the COVID-19 experienced group 2 (T, ) and from 2018 to 2020 for the COVID-
19 experienced group 1 (T;). Unlike the analysis in Section 5.1.1, we divide students in
both cohorts from grades 1-6 at After = 0 into two grade groups based on their grade at
After = 0 (lower elementary: grades 1-3, upper elementary: grades 4—6), since the
available grades are up to grade 8 as of After; = 1. Moreover, both cohorts experienced
the COVID-19 pandemic (T,: FY2020 and FY2021, T;: FY2020). Therefore, we remove
the impact of COVID-19 included in FY2020 for the T1 cohort using the ATT by grade
groups estimated in the equations (1). Here, the T1 and C1 cohorts are each one grade
higher than the grade groups defined in Section 5.1.1 (lower elementary: grades 24,
upper elementary: grades 5—6, junior high school: grade 7) because the interval between
After, = 0 and After; = 11is two years and FY2020, which includes the impact of
COVID-19, is the second year. By doing so, we can consider the T; cohort as the COVID-

19 non-experienced group (control group 2, C,). The cohorts and timing of the tests used
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in the estimation are shown in Figure 2.

(Figure 2 around here)

We also divide the students in both cohorts from grades 1-6 at After = 0 into three
grade groups based on their grade at After = 0 (lower elementary: grades 1-3, upper
elementary: grades 4-5, and junior high school: grade 6). Here, grade 7 was excluded
from the analysis due to a lack of test scores 19 months after school closure. Adding
superscript "L" to indicate a long-term effect of the COVID-19 pandemic, the estimation
equation for the effect at 19 months after the school closure can be written by three grade

groups g* € {grades 1-3, grades 4-5, grade 6} as follows:
Yt = al +y! COVID19L + AL Aftert + 6 COVID19%L = Aftert + vSLgL +&h (3

Now, let Y be the standardized test scores of Japanese and math for student i in year
t € {2018...2021}. COVID19% is a dummy variable that takes 1 if student i is in the
treatment group T, (0 for the control group C,). After{ is a dummy variable that takes 1
if the test for T, was conducted in 2021 and the test for C, was conducted in 2020 (0 if
the test was conducted 2 years earlier, respectively). a’ and Vi, are individual fixed
effects and school grade fixed effects at Aftery = 0 (T, cohort is for FY2019, C, cohort
is for FY2018), respectively. 5 denotes the error term. We assume that E[e; |t] = 0.

The ATT of the COVID-19 pandemic on standardized test scores in Japanese and

math for grade group g% (6 ;L‘ 4rp) €an be written as follows:

8L rr = E[Yy|G = gt c = Ty, t = 2021] — E[Y;|G = g%, ¢ = Ty, t = 2019]
—{E[Y;;|G = g,c = C,, t = 2019] — E[Y;;|G = g,c = C,, t = 2018]}
—E[E[Y,|G = g',c = Ty, t = 2020] — E[Y;,|G = g/,c = Ty, t = 2019]

—{E[Y,|G = g',c = C,,t =2019] — E[Y,;|G = ¢',c = C,, ¢t = 2018]}]
= {E[Y,|G = g*,c = T,, t = 2021] — E[Y,;|G = g*, ¢ = T,, t = 2019]}

—{[Y;1|G = g% c = C,, t = 2020] — E[Y;;|G = g*,c = C,, t = 2018]}

——

+ 8y arr (4)
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Here, the grade group of T1 used to exclude the effects of the COVID-19 pandemic
for control group C2 is indicated by g’ € {grades 24, grades 5-6, grade 7}. Equation (3)
is also estimated for each school grade group. We also average the estimated results for

three grade groups and compare the effect size with existing studies.

5.1.3 Assumptions for identification

To interpret 6, 477 and 55' arr as causal effects of the COVID-19 pandemic on academic

performance, respectively, we need to assume common trends and common shock.

The common trend assumption cannot be directly verified due to insufficient data
before FY2018. However, most existing studies have conducted DID using two cohorts
over two time periods (Contini et al. 2022; Engzell, Frey, and Verhagen 2021; Haelermans
et al. 2022; Lichand et al. 2022). Therefore, to estimate the impact 7 and 19 months after
the school closure, we assume the common trends between the T1 and C1 cohorts and the
T2 and C2 cohorts for each grade group.

We need two additional assumptions to estimate the impact 19 months after school
closure. The first assumption is that the common trend for each grade group holds for the
C1 cohort, in addition to the T2 and C2 (= T1) cohorts. This assumption is because the
outcome variables for the C2 cohort in FY2020 are post-COVID-19 pandemic, so the
impact of COVID-19 in the C2 cohort must be removed using the T1 and C1 cohorts. The
second assumption is that the ATT in FY2020 for the C2 cohort is the same within the
same grade group. The reason for this assumption is that equations (2) and (4) estimate
the ATT 7 months after school closure for each grade group, respectively.

To establish the common shock assumption, it is necessary for no institutional
changes affecting outcomes other than COVID-19 to have occurred in both the COVID-
19-experienced and non-experienced groups. In Japan, however, the Courses of Study
were revised by the MEXT in April 2020. This revision added 26.25 and 52.5 hours of
English tuition time per year to grades 3—4 and 5-6, respectively. However, the Japanese
and math class times did not change. The common shock assumption seems reasonable,
as no other institutional changes affecting the outcomes were implemented between 2018

and 2021.
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5.2 Analysis of heterogeneity of effects

5.2.1 Heterogeneity of effects across quartiles of test scores

Existing studies have shown that the negative impact of the COVID-19 pandemic on
academic achievement was larger for the lower academic groups (Ardington, Wills, and
Kotze 2021; Asakawa and Ohtake 2022; Kuhfeld et al. 2022; Schult et al. 2022a, 2022b).
However, the negative impact was larger for the higher academic groups in several
countries and regions (Contini et al. 2022; Gambi et al. 2021).

Therefore, we test the hypothesis that "the lower was the students' academic
achievement level before the school closure, the greater was the negative impact of the
COVID-19 pandemic and the slower the recovery of academic achievement" and
compare the results with those of existing studies. Specifically, we use a DID approach
using the advantages of the quantile regression (quantile-DID) used by Athey and Imbens
(2006) for each subject to test whether the impact of COVID-19 on academic
performance differs across quartiles of test scores.

Quantile-DID is performed with quartiles (hereafter, QT) of the outcome excluding
the upper and lower 5th percentile (1st QT: 0.05-0.275, 2nd QT: 0.275-0.5, 3rd QT: 0.5-
—0.725, 4th QT: 0.725-0.95). The equation for estimating the effect of COVID-19 on test
scores 7 months after the closure in the q** quartile of standardized test scores for each

grade group g can be written as follows according to equation (1):

Yi: = a;(q) +y(q)COVID19; + A(q)After, + 6(q)COVID19; * After;
+ vsg(@) + it (q@) (5)

Denoting Q as the quartile of standardized test scores, the ATT of the COVID-19
pandemic on standardized test scores for grade group g and the q** quartile can be written

as follows according to equation (2):

5g,ATT(CI) = E[Y|G =g,c =T,Q = q,t = 2020] — E[Y;;|G = g,c =T,,Q = q,t = 2019]
—{E[Y;|G = g,c =C1,Q = q,t =2019] — E[Y;|G = g,c = (;,Q = q,t = 2018]} (6)

Using superscript "L" to indicate the long-term effect of the COVID-19 pandemic,
the equation for estimating the effect of COVID-19 on test scores 19 months after the
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closure in the q*"* quartile of standardized test scores for each grade group g can be

written as follows according to equation (3):

YE = al(q) +y* (qQ)COVID19: + AL (@) Aftert + 8§ (q)COVID19} * Aftert
+ v, (@) + & (q) (7)

Denoting Q as the quartile of standardized test scores, the ATT of the COVID-19
pandemic on standardized test scores for grade group g and the q** quartile can be written

as follows according to equation (4):

8% arr(qQ) = E[Yy|G = g4, = T,,Q = q,t = 2021] — E[Y4|G = g*,c = T, Q = q,t = 2019]
—{E[Y;|G = g,c = C,,Q = q,t = 2019] = E[Yy|G = g,c = C,,Q = g, ¢ = 2018]}
—E[E[Yith =g,c=T,Q0=q,t= 2020] — E[Y;|G = g,c=T,Q=q,t= 2019]
~{E[Y4lG = g',c = €, Q = q,t = 2019] — E[Y4|G = g,c = C;,Q = q,t = 2018]}]
={E[Y;;|G = gL,C =T,,Q =q,t =2021] — E[Y;/|G = gL,C =T,,Q =q,t=2019]}
—{[Y|G = g*,c = C,,Q = q,t = 2020] — E[Y(|G = g*,c = C,,Q = g, ¢ = 2018]}

+ 8gr.ar7 (@) (®)

The standard errors of the parameters of interest, §(g) and 6% (q), in equations (5)
and (7) are derived from a nonparametric bootstrap with 300 iterations, respectively. In
addition to the assumptions for identification imposed in Section 5.1.3, quantile-DID
estimation analysis requires imposing common trend assumptions for the same quartile g
of T1 and C1 for analysis 7 months after school closure and T2 and C2 (=T1) and C1 for
analysis 19 months after school closure. Additionally, we assume that the distribution of
unobserved variables does not change over time, allowing the distribution of unobserved

variables to differ between the treatment and control groups.

5.2.2 Heterogeneity of effects by pre-determinant covariates

Previous studies showed that the impact of COVID-19 on academic achievement is highly
heterogeneous, not only by country and region, but also by individual characteristics. For
example, some studies demonstrated that children from households with lower SES

decreased their academic achievement more due to the COVID-19 pandemic (Contini et
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al. 2022; Gore et al. 2021; Haeclermans et al. 2022; Kuhfeld, Lewis, and Peltier 2022;
Maldonado and De Witte 2022). Moreover, Haelermans et al. (2022) showed that children
from s had lower academic performance due to the COVID-19 pandemic. However, the
results of differences in the effects of COVID-19 by child gender have been mixed across
countries and regions (Ardington, Wills, and Kotze 2021; Arenas and Gortazar 2022;
Birkelund and Karlson 2022; Contini et al. 2022; Hevia et al. 2022).

In line with the previous studies, we examine whether the impact of the COVID-19
pandemic on academic performance differs depending on the pre-pandemic determinant
individual characteristics in Amagasaki City. Here, we estimate the following equation,
which adds the pre-pandemic pre-determined variables as interaction terms to the full-

sample DID defined in equations (1) and (3):

Yit — yHetero COVID19C +/1Hetero Aftert +nHetero Interactl-
+ &fietero COVID19, * After, + 681¢¢™ COVID19, * Interact;
+ 85t After, » Interact; + 8" COVID19, = After, = Interact;

Het Hetero
+ nge ero 4 &jr (9)

Interact; is the interaction term of the pre-pandemic pre-determined dummy
variables. Specifically, these dummy variables refer to whether the student receives
school attendance assistance, whether the student is living with one parent, and whether
the student is female. We exclude individual fixed effects from the estimation equation
because the dummy variable for the interaction term is constant for individuals over the
estimation period. In the analysis 19 months after the school closure, since control group
C2 is affected by the COVID-19 pandemic, we add 6{76\”” ¢ estimated for each grade
group g’ € {grades 24, grades 56, grade 7} using the T1 and C1 cohorts to the results

in equation (9).

5.2.3 Heterogeneity of effects by athletic events reduction
In Amagasaki City, many school events, including athletic events, were reduced to
compensate for the lost class time due to the pandemic, as described in Section 3.2. Since

most school events in Amagasaki were held before December, the month of the
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achievement test, the DID coefficient indicating the effect of school closure on academic
achievement would be underestimated if academic performance recovered more for the
schools and grades that reduced school events and increased class time.

To test whether the COVID-19 pandemic effects on academic performance differ
between students with athletic event reductions of more than 200 minutes and others, we
perform a DDD estimation by multiplying COVID 19, * After; by the school- and grade-
level athletic event reduction dummies, Reduc20,, and Reduc21;, These dummy
variables take 1 if the reduction time in school s and grade g in 2020 and 2021 is greater
than 200 minutes compared to 2019, respectively. Since the reduction hours for athletic
events vary across schools and grades, we allow the dummy variables to take different
values for different grades rather than grade groups, even within the same school. The

estimated equation after 7 months of school closure is as follows:

Y, = yPPP COVID19, + APPP After, + nPPP Reduc20s,
+ 6PPP COVID19,  After, + 67°P COVID19, * Reduc20y,
+ 8PPP After, x Reduc20,, + SPPP COVID19, * After, * Reduc20,,

+ VPP + gfPP (10)

We exclude individual fixed effects from equation (10) because Reduc20,, is
constant within individuals over the estimation period. We assume that E[¢5°P|¢t] = 0.
The impact on students with more than 200 minutes of reduced athletic events from 2019

to 2020 is represented by §PPP + §PPP, while the impact on students with less than 200

minutes of reduced athletic events is represented by §°°P. Thus, we present only §7°7,
the difference between students in schools with Reduc20 = 1 and Reduc20 = 0.

Next, the estimation equation after 19 months of school closure is as follows:

Yie = yPPP! COVID19, + PP After, +n?P"" Reduc20,, +n3""" Reduc21,
+ 87PPF CovID19, * After,
+ 8777 COVID19, * Reduc20,, + 65°"" COVID19, = Reduc21,,
+ 8777 COVID19, = Reduc20,, + 65°"" COVID19, = Reduc21,,
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+ 8, """ After, » Reduc2055 + 85°"" After, x Reduc20,,

+ 86 7" COVID19, = After, » Reduc205 + 677" COVID19, * After,  Reduc20s,

DDD,L

+ gy Ot 4+ gt (11)

As in equation (3), since control group C2 has been affected by the COVID-19

S

pandemic, we add §PPP estimated in equation (10) for each grade group g’ € {grades 2—
4, grades 5-6, grade 7} using the T1 and C1 cohorts to the estimated results in equation
(11). We also exclude individual fixed effects from the estimation equation because

Reduc20,, and Reduc21,, are constant within individuals over the estimation period.

o004 ] = o,

Moreover, we assume that E[e

In equation (11), two different treatment effects are estimated for FY2020 and
FY2021, depending on the timing of the reduction in athletic events. Therefore, four
estimation results are obtained according to the reduction pattern of athletic events. Since

only a few schools had less than 200 minutes of event reduction in 2020 and more than

DDD,L
56

200 minutes in 2021, we present only , the difference between students in schools

with Reduc20 = 1 and Reduc21 = 0 and those with Reduc20 = Reduc21 = 0, and 6?DT)'L +

6§)/DT’L, the difference between students in schools with Reduc20 = Reduc21 =1 and those

with Reduc20 = Reduc21 = 0.

6. Estimation results

6.1 Results of the main analysis

Figure 3 and Table 4 present the results of estimating the effect of the COVID-19
pandemic on Japanese language and math standardized test scores. The estimated
coefficients 7 months after the school closure are plotted on the left-hand side of the figure
and in columns (1)—(5) of the table, and the estimated coefficients 19 months after the

closure are plotted on the right-hand side of the figure and columns (6)—(10) of the table.

(Figure 3 and Table 4 around here)

The upper panels of Figure 3 and the first three rows of Table 4 show that, on average,

Japanese language scores worsened by 0.006 SD and 0.062 SD at 7 and 19 months after
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the school closure, respectively. The lower panels of Figure 3 and the last three rows of
Table 4 show that, on average, math scores worsened by 0.129 SD and 0.251 SD at 7 and
19 months after the school closure, respectively.

By school grade, test scores for Japanese language in grades 1-3 declined by 0.225
SD at 7 months after school closure and remained unchanged at 0.215 SD decline 19
months after school closure. Their math test scores declined by 0.134 SD 7 months after
school closure and declined to -0.205 SD 19 months after school closure. Japanese
language test scores in grade groups 45 increased by 0.134 SD 7 months after school
closure, but no longer had significant positive effects 19 months after school closure.
Their math test scores worsened by 0.167 SD 7 months after school closure and further
worsened to a 0.321 SD decrease 19 months after school closure. Grade 6 (grade group
6—7 at 7 months after school closure) showed no significant effects on test scores in the
Japanese language at both 7 and 19 months after school closure (coefficients of 0.074 SD
and 0.033 SD, respectively). Their math scores worsened by 0.086 SD 7 months after
school closure and by 0.225 SD 19 months after school closure.

In summary, by subject, the negative effects of the COVID-19 pandemic were greater
for math than for the Japanese language at 7 months and the deterioration in math scores
was more pronounced than in the Japanese language at 19 months after school closure.
By school grade groups, the Japanese language was negatively affected only in the lower

grade groups, while the negative impact of math did not differ by grade group.

6.2 Results of the heterogeneity of effects analysis

6.2.1 Heterogeneity of effects across test score quartiles

Figures 4 and 5 and Tables 5 and 6 show the quantile-DID estimates of the effects of the
COVID-19 pandemic on standardized test scores in Japanese language and math. For
each figure, the upper and lower panels show the effects of school closure 7 and 19
months after the closure, respectively. For each table, columns (1)—(5) and columns (6)—

(10) show the effects of school closure 7 and 19 months after the closure, respectively.

(Figures 4 and 5 and Tables 5 and 6 around here)

Figure 4 and Table 5 show that the negative impact of the COVID-19 pandemic on
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scores in the Japanese language varied by score quartile for grades 1-5. Specifically,
grade groups 1-3 had negative and significant coefficients in all quartiles, but the upper
quartile was more negatively affected. The coefficients did not change in this group
between 7 and 19 months after the school closure. In grade groups 45, only the fourth
quartile had a negative and significant coefficient, and the negative coefficient increased
further from -0.085 SD to -0.338 SD from 7 to 19 months after school closure. However,
this group had a positive and significant effect on the 1st-3rd QTs 7 months after school
closure and only on the 1st QT 19 months after the closure. In grade 6 (grade group 6—7
for 7 months after school closure), no negative impact was observed in all quartiles of
test scores.

Figure 5 and Table 6 show that the negative impact of the COVID-19 pandemic on
math test scores varied by score quartile for all grade groups. Specifically, grade groups
1-3 had negative and significant coefficients on the 1st—3rd QTs. Their scores were more
negative in the lower quartiles and worsened more from 7 to 19 months after the school
closure. However, in this grade group, only the 4th QT had a positive and significant
effect. Grade groups 45 had negative and significant coefficients in all quartiles, and the
negative coefficients increased further from 7 to 19 months after school closure. Grade
groups 6—7 had negative and significant coefficients only on the 1st QT 7 months after
the closure. Moreover, 19 months after the closure, grade group 6 had negative and
significant coefficients on the 1st and 2nd QTs. The negative coefficients on the 1st and

2nd QTs further increased from 7 to 19 months after the closure.

6.2.2 Heterogeneity of effects by pre-determinant covariates
Figures 6—8 and Tables 7-9 show the DID coefficients with interaction terms that include
the pre-determinant variables of the SAA receipt dummy, living with one parent dummy,

and female dummy, respectively.

(Figures 68 and Tables 7-9 around here)

Figures 6 and 7 and Tables 7 and 8 show that no statistically significant differences
can be observed in the impact of the COVID-19 pandemic on Japanese language and

math scores by living conditions at After = 0, that is, whether the student was receiving
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SAA and whether or not the student was living with one parent. However, Figure 8 and
Table 9 show that, only in grade 6, female students had a significantly lower negative
impact on the Japanese language due to the COVID-19 pandemic than male students. As
Figure 3 shows a non-significant, positive effect of 0.074 SD and 0.033 SD for the
Japanese language in grade group 6—7 at 7 months after school closure and grade 6 at 19
months after school closure, respectively, this result suggests that females in the upper
grades scored significantly higher than males in the Japanese language after the COVID-

19 pandemic.

6.2.3 Results of effects of athletic events reduction

Before the analysis, we present the descriptive statistics for students in the schools and
grades that reduced athletic events by 200 minutes or more in 2020 and 2021 and others
in Table Al. The table shows that students in schools and grade groups that reduced
athletic events by more than 200 minutes had a lower academic achievement for treatment
group 1 (T1, 2019-2020) and treatment group 2 (T2, 2019-2021). Moreover, for
treatment group 1, higher percentages of students in schools and grades of athletic events
reduced by over 200 minutes were also in receipt of school attendance assistance and in
students living with one parent. Thus, the schools and grades that significantly reduced
their athletic events were those with relatively low academic performance and living
standards of students before the pandemic. If the negative impact of the COVID-19
pandemic is greater in these schools and grades, the reduction of athletic events may be
self-selective.

Therefore, we now use the results of the DDD to determine if the recovery from the
negative effects of the pandemic varies between students in the schools and classes with
reduced athletic events over 200 minutes and those in other schools and classes. Figure 9
and Tables 10 and 11 show the difference in effects for students in schools with Reduc20
=1 and Reduc20 = 0 estimated by DDD in equations (10) and (11). The coefticients on
the effects 7 months after school closure, estimated using equation (10), are plotted on
the left side of Figure 9 and Table 10, and those at 19 months after the closure, estimated
using equation (11), are plotted on the right-hand side of Figure 9 and Table 11. To
confirm the magnitude of the estimated results, in Figure A6, we also show the treatment

effects for students in schools with Reduc20 = 0 estimated by COVID-19xAfter, that is,
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(@ in equation (10) and SFEL in equation (11).

(Figure 9 and Tables 10 and 11 around here)

Figure 9 and Tables 10 and 11 show that, for all subjects, periods after the school
closure, and grade groups, we find no statistically significant differences in the impact of
the COVID-19 pandemic on test scores between students in the schools that reduced
athletic events over 200 minutes and others. At 19 months after school closure, several
grades and subjects showed differences greater than 0.1 SD, but none were statistically
significant at the 5% level. Moreover, Figure A6 shows that the magnitude of these
coefficients is smaller than the baseline coefficient of the ATT for students in the school
with Reduc20 = 0 for 7 months after the closure and those with Reduc20 = Reduc21 =0
for 19 months after the closure. Thus, we conclude that schools that drastically reduced
the hours of athletic events improved their students' test scores slightly 19 months after
school closure, but not enough to counteract the negative effects of the COVID-19

pandemic.

7. Conclusions

We examined whether the COVID-19 pandemic affected the standardized Japanese and
math test scores of students in grades 1-7 in all public elementary and junior high schools
in Amagasaki using DID estimation.

The analysis compared the 2019-2020 growth of the COVID-19 experienced cohort
(treatment group 1) with the 2018-2019 growth of the COVID-19 non-experienced
cohort (control group 1). In addition, to analyze the impact 19 months after the school
closure, we compared the growth from 2019 to 2021 for the cohort that took the test twice
after the school closure (treatment group 2) with the growth from 2018 to 2020 for the
cohort that took the test once after the closure (control group 2). Since control group 2
was affected by the school closure in 2020, the effect was removed by subtracting the
difference between treatment group 1 and control group 1. To facilitate interpretation, we
created three grade groups (lower elementary, upper elementary, and junior high school)
and estimated by grade groups. We also performed quantile-DID and DID with interaction

terms to check for heterogeneity of effects across test scores and pre-determinant
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quantiles. Finally, we conducted DDD estimation to identify heterogeneity in effects
between students in schools that significantly reduced athletic events after school closure
and others.

The results of the main DID estimation showed that, on average, the negative effects
of the COVID-19 pandemic were greater for math than for the Japanese language at 7
months and the deterioration in math scores was more pronounced than in the Japanese
language at 19 months after school closure. Specifically, Japanese language scores
worsened slightly by 0.006 SD and 0.062 SD on average 7 and 19 months after school
closure, respectively. Math scores worsened considerably by 0.129 SD and 0.251 SD 7
and 19 months after school closure, respectively. Considering three grade groups,
Japanese language scores were negatively affected only in the lower grade groups, but
the negative effects on math scores did not differ by grade group. The analysis by the test
score quartile revealed that Japanese language scores declined more in the upper quartile,
only in elementary school students. By contrast, math scores declined more in the lower
quartile in all grades. The results of DID with interaction terms showed that the negative
effects of the COVID-19 pandemic varied little depending on the living conditions before
school closure and the gender of the students. Finally, the DDD estimation showed that
reducing athletic events after school closure contributed little to recovering the scores that
declined due to the pandemic.

Compared to the effect sizes of previous studies presented in Table 1, the negative
effects 19 months after the school closure in Amagasaki City, shown in Figure 3 and Table
4, are slightly smaller in Japanese (previous study: -0.088 SD, Amagasaki: -0.062 SD)
and almost twice as large in math (previous study: -0.139 SD, Amagasaki: -0.251 SD).
However, our finding of a larger negative effect in math compared to Japanese language
is consistent with previous studies.

By grade group, our finding that the negative effect of Japanese was larger in the
lower grade groups and the magnitude of the negative effect on math was similar across
grade groups 7 months after the school closure in Amagasaki City is consistent with the
evidence presented in Table 1. However, in Amagasaki City, the negative effect of
Japanese was larger in grades 1-3 than the extant studies, while no negative effect was
observed in grade groups 4-5 and 6—7, unlike in extant studies. In math, the coefficients

for the prior study and our findings were almost identical. Specifically, in previous studies,
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the mean treatment effects for national language scores were -0.14 SD (grades 1-3),
-0.073 SD (grades 4-5), and -0.058 SD (grades 6—7). By contrast, in Amagasaki City, 7
months after school closure, the mean treatment effects were -0.225 SD (grades 1-3),
0.135 SD (grades 4-5), and 0.074 SD (grade 6) for national language scores. As for math
scores, the mean treatment effects in the previous studies were -0.147 SD (grades 1-3), -
0.14 SD (grades 4-5), and -0.129 SD (grades 6—7), while in Amagasaki City, at 7 months
after school closure, the mean effects were -0.134 SD (grades 1-3), -0.167 SD (grades 4—
5), and -0.086 SD (grade 6).

The negative impact of math in Amagasaki City was significant compared to other
municipalities in Japan. For example, Asakawa and Ohtake (2022) show that, in Nara
City, Japan, math scores in grades 4 and 5 at the time of school closure had already
recovered (0.05 SD for grade 4 and 0.46 SD for grade 5) 7 months after the school closure.
However, in Amagasaki, the negative impact remained -0.167 SD for grade group 4-5
during the same period, delaying the recovery by 0.217-0.393 SD compared to Nara City.

Why did the speed of recovery of academic performance differ between the two
cities? Since the level of socio-economic activities differs between the two cities, it is not
easy to identify the factors contributing to the differences. Therefore, as a discussion, we
consider the possibility that the difference in the rate of students attending cram schools,
which is directly related to students' educational environment, may have caused the
difference in academic achievement recovery between the two cities.

For example, Abe, Ohtake, and Sano (2023) show that the effect of tutoring on
standardized math scores in Amagasaki City is 0.37 SD for grade 6. This finding indicates
that attending a cram school positively impacts academic achievement. Therefore, in
Figure 10, we confirm the difference in the distribution of the tutoring ratio (including

the use of private tutors) among grade 6 students in Amagasaki City and Nara City.*

(Figure 10 around here)

4 In both cities, the average rate of attending cram schools is calculated on a school-by-school basis and the number of
students is shown as frequency on the vertical axis. Since public data were not available for both cities, we used the
data for grade 6 students in all public elementary schools that took the National Assessment of Educational Progress in
May 2021 for Nara City and randomly selected grade 6 classes of each school for Amagasaki City in May 2020.
Additionally, when calculating the average school attendance rate in Amagasaki City, we assumed that other classes
that did not take the survey have the same average school attendance rate and the number of students in each school is
estimated by the ratio of the number of students in the class that took the survey to the number of grade 6 students in
that school.
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This figure shows that, on average, the average rate of students using cram schools
is 37.4 percentage points higher in Nara City. Therefore, the difference in out-of-school
educational opportunities, such as tutoring, may have mitigated the learning loss due to
the COVID-19 pandemic. However, without sufficient data to identify causality, we
cannot conduct further analysis and leave this issue for future work.

One possible caveat is the effect of the Courses of Study revision in 2020. As
discussed in Section 5.1.3, Japanese and math class time did not change, while the
increase in English classes may have affected students' academic performance.
Additionally, the Courses of Study revision included curriculum changes and study
contents also changed. If test difficulty changes due to the revision of the curriculum, we
cannot completely distinguish the effects of the COVID-19 pandemic on academic
achievement from the effects of the differences in the curriculum, regardless of the use of
the IRT test. Moreover, if the degree of change in the difficulty level differs across grades,
it is difficult to accurately estimate the impact of the COVID-19 pandemic on academic
achievement for each grade. However, although the revision of the Courses of Study went
into full effect in April 2020, at the same time as the COVID-19 pandemic, revisions were
likely made in stages since the announcement in 2018. If parents had changed their
behavior in advance, the impact of the curriculum revision is expected to be small.

Possible future developments of this study may include analyzing the impact of the
pandemic on learning attitudes, such as the learning time and environment. In Japan, there
are several studies on the impact of COVID-19 school closures on learning time (Ikeda
and Yamaguchi 2021; Nishihata and Kobayashi 2022). Using logs of online learning
service use, Ikeda and Yamaguchi (2021) find that students decreased their learning time
using these services only during the COVID-19 school closure. They also found that the
decline in learning time was heterogeneous across students, with students who had
accessed online learning services at home and students in higher-quality schools spending
more time learning than others. Nishihata and Kobayashi (2022) show that students in
schools with longer COVID-19 closures had less learning time and more screen time, and
these effects were more pronounced for students from low-income families, students with
lower academic achievement, and elementary school students in single parent households.
Due to the differences in the use of extracurricular education, the impact of the COVID-

19 pandemic on learning time and environment may differ between Amagasaki City and
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other municipalities. However, this issue is outside the scope of this study and will be the

subject of future research.
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Figures and Tables

Treatment 1 2018 2019 School closure 2020 2021
—— December December —
] December —| December
(2019-2020) (Before) (March 2-May 31 2020) (After)
e.g., Grade e.g., Grade
group 1-3 group 2-4

Growth in academic performance without school closure

+
Effects of school closure

Control 1 2018 2019 School closure 2020 2021
(2018-2019) S’ e (March 2-May 31 2020) December December [~

I I
e.g., Grade e.g., Grade
group 1-3 group 2-4

Growth in academic performance without school closure

* Before (treatment group 1: FY2019, control group 1: FY2018) uses grade groups 1-3, 4-5, 6-7; and After (treatment group 1:
FY2020, control group 1: FY2019) uses grade groups 2—4, 5-6, 7-8.

Figure 1 Cohort and test timing for the DID analysis 7 months after school closure

Treatment 2 2018 Dei(e):ngber School closure 2020 5 2021b
- December March 2-May 31 2020 December ecember !
(2019-2021) (Before) ( y ) (After)
e.g., Grade e.g., Grade
group 1-3 group 3-5

Growth in academic performance without school closure
+

Effects of school closure (school closure + 19 months of in-person classes)

Control 2 2018 2019 School closure 2020 2021
— December December —
_ December | December
(2018-2020) (Before) (March 2-May 31 2020) (After)
e.g., Grade e.g., Grade
group 1-3 group 3-5

Growth in academic performance without school closure
+

Effects of school closure (school closure + 7 months of in-person classes)

* Before (treatment group 2: FY2019, control group 2: FY2018) uses grade groups 1-3, 4-5, 6; and After (treatment group 2: FY2021,
control group 2: FY2020) uses grade groups 3-5, 67, 8. Subtracting the treatment effect 7 months after school closure expressed
in equation (2) from control group 2, we calculate the growth in test scores over the two-year period without school closure.

Figure 2 Cohort and test timing for the DID analysis 19 months after school closure
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19 months after the school closure
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19 months after the school closure
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Note: The left and right sides of the figure show ATTs for the three grade groups 7 and 19 months after the school closure, respectively.
Therefore, by adding back the differences between the FY2019 to FY2020 growth of treatment group T1 (Grade groups 2-4, 5-6, and 7 in
FY2019) and the FY2018 to FY2019 growth of control group C1 (Grade groups 2-4, 5-6, and 7 in FY2018), the impact of COVID-19 on the
control group C2 is removed. "Average of estimated coefficients" represents the averages of ATTs for three school grade groups.

Figure 3 Main results: Full-sample DID
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Effects 7 months after the school closure
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Effects 19 months after the school closure
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Note: Quartiles were calculated based on 5-95 percentile samples of Japanese language for each grade group and cohort. The upper and lower panels of the figure show ATT by
quartile for the three grade groups 7 and 19 months after school closure, respectively. In estimating the impacts at 19 months after the school closure, the effects
of COVID-19 pandemic are included between FY2019 and FY2020 for control group C2 (Grade groups 1-3, 4-5, and 6 in FY2018). Therefore, by adding back the differences
between the FY2019 to FY2020 growth of treatment group T1 (Grade groups 2-4, 5-6, and 7 in FY2019) and the FY2018 to FY2019 growth of control group C1 (Grade groups
2-4,5-6, and 7 in FY2018) for each quartile, the impacts of COVID-19 pandemic on the control group C2 are removed. The standard errors in the estimates are based on
nonparametric bootstrap with 300 replications.

Figure 4 Quantile-DID results: Japanese language
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pandemic are included between FY2019 and FY2020 for control group C2 (Grade groups 1-3, 4-5, and 6 in FY2018). Therefore, by adding back the differences between
the FY2019 to FY2020 growth of treatment group T1 (Grade groups 2-4, 5-6, and 7 in FY2019) and the FY2018 to FY2019 growth of control group C1 (Grade groups 2-4,
5-6, and 7 in FY2018) for each quartile, the impacts of COVID-19 pandemic on the control group C2 are removed. The standard errors in the estimates are based on
nonparametric bootstrap with 300 replications.
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Figure 5 Quantile-DID results: Math
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Difference of treatment effects (SAA - non-SAA): Japanese language

7 months after the school closure
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Difference of treatment effects (SAA — non-SAA): Math

7 months after the school closure
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Note: "SAA" means students receiving the school attendance assistance. All figures show the coefficients of "COVID19 x After x SAA", which tests

the difference in slope of the treatment effect between SAA = 1 and SAA =

0. If the Cls are significantly away from zero, it means that

the treatment effect differs between students with SAA and non-SAA in that grade group. In estimating the impacts at 19 months after the

school closure, the effects of COVID-19 pandemic are included between FY2019 and FY2020 for control group C2 (Grade groups 1-3, 4-5, and 6
in FY2018). Therefore, by adding back the differences between the FY2019 to FY2020 growth of treatment group T1 (Grade groups 2-4, 5-6, and
7 in FY2019) and the FY2018 to FY2019 growth of control group C1 (Grade groups 2-4, 5-6, and 7 in FY2018), the impact of COVID-19 on the

control group C2 is removed.

Figure 6 Heterogeneity of treatment effects across groups (students receiving school attendance
assistance and others)
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Difference of treatment effects (living with one parent - others): Japanese language

7 months after the school closure 19 months after the school closure
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Difference of treatment effects (living with one parent - others): Math
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Note: "living with one parent" means that the students are either in a single-parent household or one of the parents lives alone outside of Amagasaki
City. All figures show the coefficients of "COVID19 x After x living with one parent", which tests the difference in slope of the treatment
effect between living with one parent = 1 and living with one parent = O. If the Cls are significantly away from zero, it means that the
treatment effect differs between students living with one parent and others in that grade group. In estimating the impacts at 19 months
after the school closure, the effects of COVID-19 pandemic are included between FY2019 and FY2020 for control group C2 (Grade groups 1-3,
4-5, and 6 in FY2018). Therefore, by adding back the differences between the FY2019 to FY2020 growth of treatment group T1 (Grade groups
2-4,5-6, and 7 in FY2019) and the FY2018 to FY2019 growth of control group C1 (Grade groups 2-4, 5-6, and 7 in FY2018), the impact of
COVID-19 on the control group C2 is removed.

Figure 7 Heterogeneity of effects across groups (students living with one parent and others)
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Difference of treatment effects (female — male): Japanese language

7 months after the school closure 19 months after the school closure
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Difference of treatment effects (female — male): Math
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Note: All figures show the coefficients of "COVID19 x After x female", which tests the difference in slope of the treatment effect between female =
1 and female = O. If the Cls are significantly away from zero, it means that the treatment effect differs between students with female and
male in that grade group. In estimating the impacts at 19 months after the school closure, the effects of COVID-19 pandemic are included
between FY2019 and FY2020 for control group C2 (Grade groups 1-3, 4-5, and 6 in FY2018). Therefore, by adding back the differences between
the FY2019 to FY2020 growth of treatment group T1 (Grade groups 2-4, 5-6, and 7 in FY2019) and the FY2018 to FY2019 growth of control group
C1 (Grade groups 2-4, 5-6, and 7 in FY2018), the impact of COVID-19 on the control group C2 is removed.

Figure 8 Heterogeneity of effects across groups (female and male students)
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DDD coefficients (schools reduced athletic events over 200 min. vs others): Japanese language

7 months after the school closure 19 months after the school closure
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DDD coefficients (schools reduced athletic events over 200 min. vs others): Math

7 months after the school closure 19 months after the school closure
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Note: "Reduc20" and "Reduc21" are dummy variables that take 1 if the student belongs to a school that reduced athletic events by at least 200
minutes in FY2020 and FY2021, respectively. In the panel of 7 months after school closure, the coefficient of "COVID19 x After x Reduc20"
is shown. In the panel of 19 months after school closure, the difference in the effects of COVID-19 pandemic between students in schools
with Reduc20 = 1 & Reduc21 = 0 and those with Reduc20 = 0 & Reduc21 = 0 is shown by "COVID19 x After x Reduc20", while the difference in
the effects between students in schools with Reduc20 = 1 & Reduc21 = 1 and those with Reduc20 = 0 & Reduc21 = 0 is shown by "COVID19 x
After x Reduc20 + COVID19 x After x Reduc21". If the Cls are significantly away from zero, it means that treatment effects differ between
students in schools that reduced athletic events by more than 200 minutes and students in other schools. In estimating the impacts at
19 months after the school closure, the effects of COVID-19 pandemic are included between FY2019 and FY2020 for control group C2 (Grade
groups 1-3, 4-5, and 6 in FY2018). Therefore, by adding back the differences between the FY2019 to FY2020 growth of treatment group T1
(Grade groups 2-4, 5-6, and 7 in FY2019) and the FY2018 to FY2019 growth of control group C1 (Grade groups 2-4, 5-6, and 7 in FY2018), the
impact of COVID-19 on the control group C2 is removed.

Figure 9 DDD results (students in the schools reduced athletic events by over 200 minutes and others)
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Note: Average cram school attendance rates in Nara and Amagasaki City, weighted by N of 6th graders per school, are 0.621 and 0.247, respectively.
The average cram school attendance rate is calculated for each school in both cities, and the frequency is shown on the y-axis.
For Nara City, we used data from 6th graders in all public elementary schools that took the NAAA in May 2021.
For Amagasaki City, we use data from a randomly selected class of sixth graders in each school in May 2020.
For Amagasaki City, we also assume that the other classes not surveyed have the same rate and calculated frequencies by school
using the ratio of the N of students in the class receiving the survey to the N of 6th graders in that school.

Figure 10 The average rate of students using cram schools in Amagasaki and Nara City
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Figure A1 Summary of previous studies (by grade)
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Reduced hours for athletic events by school and grade (T1, 2020-2019)
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Figure AS Change in hours of athletic events by school and grade (2018-2021)
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Difference of treatment effects (Schools with drastically reduced athletic events — others): Japanese language

7 months after the school closure
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Difference of treatment effects (Schools with drastically reduced athletic events - others): Math

7 months after the school closure
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Note: "Reduc20" and "Reduc21" are dummy variables that take 1 if the student belongs to a school that reduced athletic events by at least 200 minutes in FY2020 and FY2021, respectively.
All panels show the coefficients of "COVID19 x After". In estimating the impacts at 19 months after the school closure, the effects of COVID-19 pandemic are included between
FY2019 and FY2020 for control group C2 (Grade groups 1-3, 4-5, and 6 in FY2018). Therefore, by adding back the differences between the FY2019 to FY2020 growth of treatment
group T1 (Grade groups 2-4, 5-6, and 7 in FY2019) and the FY2018 to FY2019 growth of control group C1 (Grade groups 2-4, 5-6, and 7 in FY2018), the impact of COVID-19 on the

control group C2 is removed.

Figure A6 DID results (students in the schools reduced athletic events to less than 200 minutes)
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Table 5 Quantile-DID results: Japanese language

Effects 7 months after SC Effects 19 months after SC

Confidence interval Confidence interval

Quantile  Est. S.E. p-value Lower Upper Est. S.E. p-value Lower Upper

Grade 1-3 (Lower elementary)

1st QT -0.157 0.030 <0.001 -0.215 -0.099 -0.126 0.029 <0.001 -0.182 -0.070
2nd QT  -0.206 0.029 <0.001 -0.263 -0.149 -0.237 0.028 <0.001 -0.292 -0.182
3rd QT -0.248 0.035 <0.001 -0.317 -0.179 -0.227 0.033 <0.001 -0.292 -0.162
4th QT  -0.508 0.040 <0.001 -0.586 -0.429 -0.568 0.038 <0.001 -0.642 -0.494

Grade 4-5 (Upper elementary)

Ist QT 0.23 0.030 <0.001 0.170 0.289 0.093 0.035 0.008 0.025 0.162
2nd QT  0.196 0.028 <0.001 0.142 0.250 0.052 0.030 0.078 -0.006 0.111
3rd QT 0.11 0.036 0.002 0.039 0.181 -0.011 0.034 0.745 -0.077 0.055
4th QT  -0.085 0.040 0.034 -0.164 -0.006 -0.338 0.033 <0.001 -0.403 -0.274

Grade 6-7 / Grade 6 (Junior high)

Ist QT 0.062 0.034 0.07 -0.005 0.130 -0.003 0.042 0948 -0.086 0.080
2nd QT  0.029 0.032 0.369 -0.034 0.091 0.087 0.043 0.043 0.003 0.170
3rd QT 0.105 0.032 0.001 0.043 0.168 0.002 0.043 0.955 -0.081 0.086
4th QT  -0.034 0.032 0.296 -0.096 0.029 -0.053 0.052 0.309 -0.155 0.049

Note: Quartiles were calculated based on 5-95 percentile samples of Japanese language for each grade group and cohort. In es-
timating the impacts at 19 months after the school closure, the effects of COVID-19 pandemic are included between FY2019 and
FY2020 for control group C2 (Grade groups 1-3, 4-5, and 6 in FY2018). Therefore, by adding back the differences between the
FY2019 to FY2020 growth of treatment group T1 (Grade groups 2-4, 5-6, and 7 in FY2019) and the FY2018 to FY2020 growth of
control group C1 (Grade groups 2-4, 5-6, and 7 in FY2018) for each quartile, the impacts of COVID-19 pandemic on the control
group C2 are removed. The standard errors in the estimates are based on nonparametric bootstrap with 300 replications. ‘Est‘ means
the estimated coefficients of interaction term  COVID19 x After ” . Estimated results for other variables are omitted. All p-values
below 0.001 are indicated as p < 0.001. ’Est.” and ’p-value’ are bolded for p < 0.05.
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Table 6 Quantile-DID results: Math

Effects 7 months after SC

Effects 19 months after SC

Confidence interval

Confidence interval

Quantile  Est. S.E. p-value Lower Upper Est. S.E. p-value Lower Upper
Grade 1-3 (Lower elementary)

IstQT  -0.206 0.031 <0.001 -0.266 -0.145 -0.332 0.035 <0.001 -0.400 -0.264
2nd QT  -0.155 0.028 <0.001 -0.210 -0.101 -0.236 0.030 <0.001 -0.295 -0.177
3rd QT -0.098 0.024 <0.001 -0.145 -0.050 -0.131 0.026 <0.001 -0.182 -0.079
4th QT  0.251 0.023 <0.001 0.206 0.296 0.286 0.048 <0.001 0.192 0.380
Grade 4-5 (Upper elementary)

IstQT  -0.216 0.035 <0.001 -0.285 -0.147 -0.345 0.034 <0.001 -0.411 -0.279
2nd QT  -0.181 0.033 <0.001 -0.244 -0.117 -0.295 0.030 <0.001 -0.353 -0.236
3rd QT -0.09 0.034 0.009 -0.158 -0.023 -0.217 0.029 <0.001 -0.274 -0.159
4th QT  -0.119 0.061 0.052 -0.239 0.001 -0.268 0.039 <0.001 -0.344 -0.193
Grade 6-7 / Grade 6 (Junior high)

IstQT  -0.112 0.031 <0.001 -0.172 -0.052 -0.364 0.047 <0.001 -0.455 -0.272
2nd QT  -0.02 0.031 0.521 -0.081 0.041 -0.248 0.044 <0.001 -0.334 -0.162
3rd QT 0.029 0.032 0.358 -0.033 0.091 -0.007 0.049 0.878 -0.103 0.088
4th QT  0.045 0.048 0.348 -0.049 0.139 0.059 0.060 0.323 -0.058 0.177

Note: Quartiles were calculated based on 5-95 percentile samples of math for each grade group and cohort. In estimating the im-
pacts at 19 months after the school closure, the effects of COVID-19 pandemic are included between FY2019 and FY2020 for control
group C2 (Grade groups 1-3, 4-5, and 6 in FY2018). Therefore, by adding back the differences between the FY2019 to FY2020
growth of treatment group T1 (Grade groups 2-4, 5-6, and 7 in FY2019) and the FY2018 to FY2020 growth of control group C1
(Grade groups 2-4, 5-6, and 7 in FY2018) for each quartile, the impacts of COVID-19 pandemic on the control group C2 are re-
moved. The standard errors in the estimates are based on nonparametric bootstrap with 300 replications. ‘Est‘ means the estimated
coefficients of interaction term “ COVIDI19 x After ” . Estimated results for other variables are omitted. All p-values below 0.001
are indicated as p < 0.001. ’Est.’ and ’p-value’ are bolded for p < 0.05.
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Table 10 DDD results at 7 months after school closure (Students in the schools reduced athletic events over
200 minutes and others)

Confidence intervals

Grade groups Est. S.E. p-value Lower Upper

Japanese language

Grade 1-3 (Lower elementary): Reduc20=1 0.012 0.115 0919 -0.214 0.237
Grade 4-5 (Upper elementary): Reduc20=1 0.028 0.124 0.824 -0.215 0.270
Grade 6-7 (Junior high): Reduc20 =1 0.029 0.102 0.777 -0.171 0.229

Math

Grade 1-3 (Lower elementary): Reduc20=1 0.031 0.077 0.689 -0.120 0.181
Grade 4-5 (Upper elementary): Reduc20=1 0.044 0.115 0.703 -0.182 0.270
Grade 6-7 (Junior high): Reduc20 =1 -0.015 0.077 0.841 -0.166 0.135

Note: This table shows the heterogeneity of the effect of the COVID-19 pandemic on standardized test scores by re-
duced hours of athletic event, grade group and subject. The outcome variable is the standardized Japanese and math
test scores. Control variables include pre-treatment grade dummies. ‘Reduc20‘ is dummy variables that take 1 if the
student belongs to a school that reduced athletic events by at least 200 minutes in FY2020. ‘Est‘ means the coefficient
of ‘COVIDI19 x After x Reduc20°, which tests the difference in slope of the treatment effect between Reduc20 = 1 and
Reduc20 = 0. Estimated results for other variables are omitted. All p-values below 0.001 are indicated as p < 0.001.
’Est.” and "p-value’ are bolded for p < 0.05. ‘S.E.‘ presents cluster-robust standard error results at the classroom level.
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