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Sections 3 and 4 demonstrated that students residing in disadvantaged learning 

conditions (DLCs) during and after the COVID-19 school closures exhibited slower 

recovery in cognitive and non-cognitive skills. However, living in a DLC is unlikely to 

be the sole determinant of learning recovery. To more fully understand the heterogeneity 

in the effects of school closures, we further investigate two additional factors that vary 

across schools: class reorganization and the use of cram schools or private tutors. 

Class reorganization may influence students’ educational outcomes by altering peer 

group dynamics. Prior research has shown that peer effects can significantly shape student 

performance (Burke & Sass, 2013; Sacerdote, 2011). In Nara City, class compositions are 

typically restructured each April, yet the COVID-19 closures from March to May 

coincided with this period. Thus, students in schools with only a single class per grade 

(i.e., without class reorganization) may have experienced different impacts from the 

closures compared to those in multi-class schools. To assess this, we re-estimate 

Equations (1)–(6) using data from single-class schools only. As shown in Tables A7–A10 

and Figures A6–A12, the estimated effects for these students are largely consistent with 

the main findings for the full sample (Figures 2–8). This suggests that class reorganization 

is unlikely to be a major confounding factor. 
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In addition to classroom structure, the use of cram schools and private tutors may play 

a compensatory role in learning recovery. Nara Prefecture reports a higher rate of 

supplementary education usage among elementary students than other regions in Japan.1 

Prior studies, such as Liu (2012) in the Taiwanese context, have found that cram school 

attendance can improve student academic performance, particularly in subjects like 

mathematics. Given these findings, we explore whether higher rates of supplementary 

education use buffered the negative effects of school closures. 

To examine this, we calculate the average proportion of students using cram schools 

or tutors at each school using data from the 2021 National Survey of Academic 

Achievement. Based on this metric, schools are divided into three groups by usage rate, 

and Equations (1)–(6) are estimated separately for each subgroup. The results, presented 

in Figures A13–A16, show that schools with higher rates of cram school/tutor use 

experienced faster recovery in both cognitive and non-cognitive domains. However, the 

magnitude of the difference between the high-use group (above 67.74%) and the low-use 

group (below 51.81%) is smaller than the gap observed between students from DLC and 

non-DLC environments. Therefore, we conclude that while access to supplementary 

education may aid recovery, its influence appears weaker than that of living in a DLC. 

However, these findings should be interpreted with caution due to several limitations. 

First, the measure of cram school and tutor attendance is based on school-level aggregates, 

which may introduce measurement error and obscure individual-level heterogeneity. 

Second, the lack of longitudinal data prevents us from examining dynamic changes in 

supplementary education participation over time. Specifically, the 2021 National Survey 

 
1 According to the results of national survey of school performance and learning (MEXT, 2021), the 
percentage of students who do not use cram schools or tutors was 42.8% in Nara Prefecture, compared 
to the national average of 52.6% in Japan. The data can be downloaded from the following URL 
(https://www.nier.go.jp/21chousakekkahoukoku/factsheet/prefecture-City.html). 

https://www.nier.go.jp/21chousakekkahoukoku/factsheet/prefecture-City.html


3 
 

of Academic Achievement provides the only available cross-sectional information on 

sixth-grade students’ involvement in such activities. Future research would benefit from 

panel data that allow for the identification of causal effects of changes in supplementary 

education on the evolution of cognitive and non-cognitive skill formation in the aftermath 

of school disruptions. 
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Appendix Figure A8 Treatment effects on standardized math test score 
                                    (DID, Subsample of schools without class changes) 

 

Negative: 47.79 %
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A. Conditional avarage treatment effects on standardized math test score (FY2019 P4 cohort)

Negative: 44.81 %
Mean: -0.04

Negative: 8.2 %
Mean: 0.67

2 months after the SC (t=1) 7 months after the SC (t=2)
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B. Conditional avarage treatment effects on standardized math test score (FY2019 P5 cohort)

CATE Negative Positive or 0

Treatment effects on standardized test score (by cohorts and quantiles)

Note: Use only single class schools and grades for the sample. `Percentage of students` is defined as the number of students per bin divided by the total number of students 
          taking the test in the treatment cohort for each term. `Mean` and `Negative` refer to the mean of the CATE and the percentage of students with a negative CATE. 
          The number of bins in the histogram is set to 35.
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Table A1: Balance test of school-level math scores between schools tested in FY2019 term 3 and those in other terms

Comparison: FY2019 term 3 vs. Other terms
Cohorts: FY2019 P4 FY2019 P5
Tests: T-test F-test T-test F-test

Coefficient P-value Coefficient P-value Coefficient P-value Coefficient P-value
Test score 3.77 0.104 0.720 0.654 −8.77 0.0776∗ 1.55 0.352
Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Table A2: Definitions for disadvantaged living condition dummy

Living Condition Definition

Lack food = 1 if the student answered, "not applicable" or "not really applicable" to the question
"I eat breakfast and lunch every day," or 0 otherwise

Lack sleep = 1 if the student answered, "applicable" or "mostly applicable" to the question
"I sometimes have difficulty sleeping," or 0 otherwise

Lack print study (May) = 1 if the student answered, "not applicable" or "not really applicable" to the question
"I studied using handouts from school during the temporary primary school closure," or 0 otherwise

Lack study (June) = 1 If the student answered, "applicable" or "mostly applicable" to the question
"I sometimes have difficulty concentrating on studies," or 0 otherwise

Feel stressed = 1 if the student answered, "applicable" or "mostly applicable" to the question
"I get upset, frustrated, or angry," or 0 otherwise

No passion = 1 if the student answered, "applicable" or "mostly applicable" to the question
"I have no motivation to do anything," or 0 otherwise

Bad health = 1 if the student answered, "applicable" or "mostly applicable" to the question
"I sometimes have physical problems such as a headache or stomachache," or 0 otherwise

No sport = 1 if the student answered, "not applicable" or "not really applicable" to the question
"I exercise a lot," or 0 otherwise

Not fun = 1 if the student answered, "not applicable" or "not really applicable" to the question
"I enjoy every day," or 0 otherwise

Feel unsafe = 1 if the student answered, "applicable" or "mostly applicable" to the question
"I have felt anxious about something," or 0 otherwise
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Table A3: Robustness check of full-sample DID (Treatment: FY2019 P4 cohort, Control: FY2017 and FY2018 P4 cohort)

Dependent variables: Standardized math test score

Treatment: FY2019 P4 cohort Treatment: FY2019 P4 cohort
(Control: FY2018 P4 cohort) (Control: FY2017 P4 cohort)

[Main estimation] [Robustness check]

ATT (1)+DLC (1)+ALC ATT (4)+DLC (4)+ALC
[Most ALC] [Most DLC] [Most ALC] [Most DLC]

(1) (2) (3) (4) (5) (6)

COVID19 x 8 months before SC (t = −2) -0.019 -0.019 -0.019 0.210*** 0.210*** 0.210***
(0.035) (0.035) (0.035) (0.038) (0.038) (0.038)

COVID19 x SC beginning term (t = 0) 0.041 0.049 0.049 -0.157* -0.151* -0.151*
(0.065) (0.065) (0.065) (0.065) (0.065) (0.065)

COVID19 x 2 months after SC (t = 1) 0.023 0.325*** -0.906*** -0.147** 0.174 -1.14***
(0.051) (0.087) (0.143) (0.049) (0.091) (0.145)

COVID19 x 7 months after SC (t = 2) 0.287*** 0.600*** -0.554*** 0.037 0.375*** -0.884***
(0.051) (0.088) (0.158) (0.051) (0.096) (0.158)

Time dummy Yes Yes Yes Yes Yes Yes
School FE Yes Yes Yes Yes Yes Yes
Grade FE Yes Yes Yes Yes Yes Yes
Classroom FE Yes Yes Yes Yes Yes Yes

Observations 19,668 19,668 19,668 21,485 21,485 21,485

Note: For all estimations, reference period is t =−1. All test scores are standardized per treatment and control group pair. Standard
errors in parentheses are clustered at the classroom level. All coefficients for living conditions and FEs are omitted for simplicity.
‘COVID19‘ is a dummy variable taking one if the student belongs to the FY2019 P4 cohort or FY2019 P5 cohort. ‘DLC‘ and
‘ALC‘ are disadvantaged and advantaged living conditions, respectively. ‘SC‘ is the COVID-19 school closure. * p < 0.1; **
p < 0.05; *** p < 0.01
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Table A7: DID results for single-class schools: Average treatment effects on the treated and subgroup effects for students with the
most advantaged and disadvantaged living conditions

Dependent variables: Standardized math test score

Treatment: FY2019 P4 cohort Treatment: FY2019 P5 cohort
(Control: FY2018 P4 cohort) (Control: FY2018 P5 cohort)

ATT (1)+DLC (1)+ALC ATT (4)+DLC (4)+ALC
[Most ALC] [Most DLC] [Most ALC] [Most DLC]

(1) (2) (3) (4) (5) (6)

COVID19 x 8 months before SC (t = −2) -0.058 -0.060 -0.060 0.220 0.220 0.220
(0.149) (0.150) (0.150) (0.115) (0.116) (0.116)

COVID19 x SC beginning term (t = 0) 0.099 0.090 0.090 -0.009 -0.002 -0.002
(0.092) (0.099) (0.099) (0.168) (0.166) (0.166)

COVID19 x 2 months after SC (t = 1) -0.014 0.581* -1.45*** -0.042 0.562* -1.48***
(0.180) (0.279) (0.337) (0.148) (0.253) (0.399)

COVID19 x 7 months after SC (t = 2) 0.529* 0.925*** -0.433 0.689*** 1.15*** -0.581
(0.207) (0.240) (0.429) (0.154) (0.219) (0.363)

Time dummy Yes Yes Yes Yes Yes Yes
School FE Yes Yes Yes Yes Yes Yes
Grade FE Yes Yes Yes Yes Yes Yes
Classroom FE Yes Yes Yes Yes Yes Yes

Observations 1,642 1,642 1,642 1,949 1,949 1,949

Note: Sample is restricted to schools and grades with only one class for two years from t = −2 to t = 2. For all estimations, ref-
erence period is t = −1. All test scores are standardized per treatment and control group pair. Standard errors in parentheses are
clustered at the classroom level. All coefficients for living conditions and FEs are omitted for simplicity. ‘COVID19‘ is a dummy
variable taking one if the student belongs to the FY2019 P4 cohort or FY2019 P5 cohort. ‘DLC‘ and ‘ALC‘ are disadvantaged
and advantaged living conditions, respectively. ‘SC‘ is the COVID-19 school closure. * p < 0.1; ** p < 0.05; *** p < 0.01
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Table A11: Definition of outcome variables for attitude toward proactive learning of math

Outcome variables Definition

Like math = 1 if the student answered, "applicable" or "mostly applicable" to the question
(Like math) "Do you like to study math?," or 0 otherwise

Math important = 1 if the student answered, "applicable" or "mostly applicable" to the question
(Math is important) "Do you think it is important to study math?," or 0 otherwise

Understand math well = 1 if the student answered, "applicable" or "mostly applicable" to the question
(Understand math) "Do you understand the content of the math class well?," or 0 otherwise

Math will be useful = 1 if the student answered, "applicable" or "mostly applicable" to the question
(Math useful) "Do you think that what you learned in math class will be useful in the future

when you start working?," or 0 otherwise

Concentrate in math Classroom FE = 1 if the student answered, "applicable" or "mostly applicable" to the question
(Math concentration) "Do you listen carefully to the teacher in math class?," or 0 otherwise

Ask questions in math Classroom FE = 1 if the student answered, "applicable" or "mostly applicable" to the question
(Math question) "Do you ask questions to your teacher in math class if you don’t understand

something?," or 0 otherwise

Complete math homework = 1 if the student answered, "applicable" or "mostly applicable" to the question
(Math homework) "Do you complete your math homework regularly?," or 0 otherwise

Concern about test results = 1 if the student answered, "applicable" or "mostly applicable" to the question
(Math results) "Do you care about the results of the test?," or 0 otherwise

High motivation for Reco = 1 if the student answered, "applicable" or "mostly applicable" to the question
(Reco motivation) "Do you have a high motivation to study using the Reco sheets (reflection

study sheets)?," or 0 otherwise

Motivation for other Reco = 1 if the student answered, "applicable" or "mostly applicable" to the question
(Other Reco) "You receive 3 Reco-sheets each time. Do you want to try to work on the other

numbered Reco-sheets besides your own?," or 0 otherwise

Note: Words in parentheses are abbreviations for the outcome variables used in the manuscript.
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