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This paper investigates the effectiveness of a globally popular
method of self-learning at the right level in improving the cognitive
and non-cognitive abilities of disadvantaged pupils in a develop-
ing country, Bangladesh. Using a randomized control trial design,
we find substantial improvement in cognitive ability measured by
mathematics test scores and catch-up effects on non-cognitive abil-
ity measured by a pupil self-esteem measure. These findings are
consistent with a longer-term impact found in take-up rates and
scores on a national-level primary school completion exam. More-
over, the teachers’ ability to assess student performance substan-
tially improves. Based on our estimates, program benefit exceeds
cost in a plausible way. Above findings suggest that self-learning at
right level can effectively address the learning crisis by improving
the quality of primary education in developing countries.
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I. Introduction

Global successes have been recorded in terms of school enrollment as envisaged
in the millennium development goals (MDGs). According to [UNESCO| (2015,
there are 83 million fewer out-of-school children and adolescents as of 2012 than
there were in 1999E| However, more than 60 percent of primary school children in
low- and middle-income countries fail to achieve a minimum proficiency in math-
ematics and reading (World Bank, 2018; UNESCO, 2013)). This crisis in learning
is a serious concern among policy makers. Given that education is an important
link to all the sustainable development goals (SDGs), improving the quality of
education is a sine qua non for achieving them (United Nations| 2018). In this
context, programs that match teaching to students’ ability level and learning are
gaining increased attention due to their high effectiveness in improving learning
outcomes (Banerjee et al., 2007, [2016} Duflo, Dupas and Kremer} 2011; Muralid-|
haran, Singh and Ganimian| 2019) | Nevertheless, the quality of teachers could
prove a binding constraint for scaling up such interventions in a sustainable man-
ner. Individualized self-learning programs can effectively address this constraint
and thereby improve learning quality.

In Bangladesh, we test the effectiveness of a globally popular individualized
program of self-learning to address the learning crisis. To improve the quantity
of education, Bangladesh has been successful in increasing school enrollment and
narrowing the gender gap. In this process, not only publicly provided education
but also non-formal education has played a critical role. On the non-formal side,
BRAC, the largest NGO in Bangladesh, has played a leading role in a collabo-
ration with the government. In particular, BRAC primary schools (BPSs) have
provided disadvantaged students with a four-year accelerated program that cov-
ers the five-year public primary school curriculumEl Given the success of BPS
in terms of enrollment and reducing primary school dropouts, the government
of Bangladesh has scaled up a modified version of BPS under the Reaching Out
of School (ROSC) project, providing a low-cost platform to target children from
difficult-to-reach communities and who are out of school (Asadullah) 2016]). De-
spite these efforts, the lack of quality education and resulting inadequate student

ITo achieve universal primary education in developing countries, a variety of policy interventions
have been proposed and experimented with on both the supply and demand sides. These range from the
expansion and improvement of school infrastructure to providing various incentives such as de-worming
students, information sharing, free school lunches, free school uniforms, and conditional cash transfers
(Kremer} 2003} Miguel and Kremer, [2004; |Jensen, [2010}; |[Duflo and Kremer} 2005} Banerjee and Duflo|
[2006; [Duflo, Glennerster and Kremer, 2007} |Glewwe, [2002]).

“In improving learning outcomes, demand-side approaches appear to be less promising than supply-
side interventions such as increasing the numbers of teachers and schools. See (2017) for
a meta-analysis of impact evaluation studies focusing on improving learning outcomes in South Asian
countries. Other reviews focusing on the impacts of interventions on learning outcomes include: |[Kremer,
[Brannen and Glennerster| (2013); |Ganimian and Murnane| (2016); [Evans and Popova| (2015)); McEwan
(2015); |Glewwe, (2014)

SBPS has been known as one of the largest and most successful non-formal education programs
targeted to disadvantaged populations in Bangladesh. BPSs have introduced a seasonally adjusted school
calendar, which has been a key to their success (Watkins}, |2000; |Chowdhury, Jenkins and Nandital, 2014]).
More details about BPS are discussed in section 2.
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learning remain a serious concern in Bangladesh, as in other developing coun-
triesﬁ In this context, we adopt and evaluate the impact of the Kumon method
of learning (hereafter Kumon) in improving both the cognitive and non-cognitive
abilities of BPS students in Bangladesh, given its unique setting in providing
non-formal education and internal efficiency compared to formal schools (Ahmad
and Haque, 2011)E| Kumon is a non-formal education program designed to en-
sure that each student always studies at a level that is “just right” for him/ herﬁ
This philosophy is similar to the “teaching at the right level (TaRL)” approach of
Banerjee et al.|(2016), although it also emphasizes the self-learning aspects of ed-
ucation. In Kumon, each student begins at an individually suitable starting point
and learns new concepts in small steps where learning is enforced through easily
understandable hints and examples. BPSs have 30 students per class with quite
diverse backgrounds and a large variance in ability in the subjects taught, par-
ticularly mathematics (Nath, |2012). This creates a potential mismatch between
teaching level and individual student ability. However, BPSs cannot effectively
offer TaRL as they follow the same instructional approach as government schools
such as lecture style education and “teaching to the test,” potentially affecting
learning outcomes. The Kumon program at least partially solves such a mismatch
and improves learning outcomes by providing self-learning materials for each stu-
dent in mathematics. Moreover, since the Kumon method of learning is based on
a paper-and-pencil method, unlike the successful e-learning or computer-assisted
instructions elsewhere (Banerjee et al., [2007; |Barrow, Markman and Rouse} |2009;
Muralidharan, Singh and Ganimian, 2019)), the method is not constrained by
limited or unstable electricity supplies we often experience in low-income commu-
nities of developing countries (United Nations) 2018)[|

To preview our findings, Kumon has been found to substantially improve stu-
dents’ cognitive ability. Given that our intervention was designed to increase
students’ math problem-solving skills in a time-efficient manner, we use both test
scores per minute and time-unadjusted test scores from two different mathematics

4For example, |Asadullah and Chaudhury| (2013) find an imperfect correlation between years of school-
ing and cognitive outcome: among those who had completed primary schooling, only 49 percent could
provide 75 percent or more correct answers on a simple arithmetic test, and the likelihood of providing
more than 75 percent correct answers was only 9 percent higher when compared to children with no
schooling at all.

5While a number of existing studies have established the link between measured cognitive ability
(e.g., IQ) and educational outcomes such as schooling attainment and wages, recent studies have begun
to shed new light on the role of non-cognitive abilities such as personality traits, motivations, and
preferences (Heckmanl [2006], 2007). In fact, recent studies have begun to demonstrate that in explaining
education, success in the labor market, or other outcomes, the predictive power of non-cognitive abilities
is comparable to or exceeds that of cognitive skills (Heckman) [2006; Heckman, Humphries and Kautz,
2014)). Notwithstanding this, Kumon has been regarded as a successful non-formal education program
in strengthening both cognitive and non-cognitive outcomes, so it is worth evaluating its impacts in a
disadvantaged environment where BPS has been operating.

6As of March 2017, there are 4.35 million subject enrollments in 50 countries and regions, according
to the Kumon Institute of Education Co., Ltd.

7 According to[United Nations| (2018)), 13% of the global population still do not have access to modern
electricity and three billion people still rely on traditional power sources for daily lives, such as wood,
coal, charcoal, or animal waste for cooking and heating.
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tests as measures of cognitive ability. The magnitude of the impact measured by
test score per minute is a 2.177 standard deviation, whereby the impact comes
through both test score gains and reductions in problem-solving speedﬁ In the
case of the time-unadjusted test scores, the magnitude of the impact ranges from
a 0.505 to a 1.198 standard deviation. In terms of non-cognitive abilities, we find
catch-up effects among the pupils with initially low non-cognitive and cognitive
abilities compared to the median. These findings are consistent with a longer-term
impact, measured in the Primary School Certificate (PSC) examination, where
exam take-up rates have risen among initially less-able studentsﬂ Moreover, the
PSC math grades are higher among treated school graduates than among similar
students from control schools in terms of initial characteristics and/or likelihood
of taking the exam. As an unintended impact, we also find that the intervention
significantly improves teachers’ ability to assess student performance, which sug-
gests that accessing students’ daily progress records has the potential to improve
teachers’ quality.

The remainder of this paper is organized as follows. In Section 2, we outline
our experimental design, including the setting and intervention, followed by a
description of the data and baseline test results. Section 3 gives the economet-
ric evaluation framework, followed by empirical results. Section 4 addresses the
comparison of benefits and costs of this intervention, and Section 5 concludes the

paper.
II. Experiment Design, Data, and Balancing Test
A. Setting: BRAC Primary School

Primarily, BPS targets children from disadvantaged social backgrounds who
could not get into formal schooling at the right age or have dropped out of the
system. The economic eligibility criteria states that “children of poor households
having less than 50 decimals of land and at least one member of the household has
worked for wage for at least 100 days” and living within a two-kilometer radius
of the school are admitted in BPS (Afroze, 2012). BPS basically covers the
same standard curriculum as public schools. Up to grade three, BRAC develops
textbooks and other materials, but government textbooks are used in grades four
and five.

Although the BPS and government primary schools teach the same competency-
based curriculum, there are some basic differences between them. Unlike the

8These effects are largely compared to some existing interventions. For example, |[Lakshminarayanal
et al.|(2013)) found a 0.75 standard deviation impact from the supplementary remedial teaching provided
by Indian NGOs on pupils’ test scores in public primary schools. [Duflo, Dupas and Kremer| (2011 found
a 0.9 standard deviation impact from the peer effects of tracking for the top quartile of students in
Kenyan primary schools.

9Every December, the Ministry of Primary and Mass Education conducts the PSC, and those who
wish to advance to junior high school need to pass the exam. BPS is an accelerated program, so students
thereof can take the PSC after completing the fourth grade if they are willing.
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standard primary school system of five years, BPS offers an accelerated (four-year)
program to bring these children back to the formal education track (Asadullahl
2016). In particular, BPS teachers cope with students who are falling behind
in the following manner: The entry age for students in BPS is higher than that
in standard primary schools (the official age is six years for entry into primary
education); the schools operate under a rather flexible time schedule for three
hours a day, six days a week, with fewer holidays than government schools have,
which results in higher contact hours per primary cycle than government primary
schools have on average; the average class size in BPS (25-30 students) is about
half that of government primary schools.

BPSs are essentially one classroom/one teacher schools, whereby a teacher
teaches all subjects to the same cohort. The pedagogical approach is, however,
influenced by traditional methods such as group lecture followed by assignments.
Students are required to pass the grade five terminal examination set by the
government, which also suggests that BPS teaches learners the same skills that
are taught government schools, whereby teaching to the test potentially affects
students’ learning.

Thus, in this context, the Kumon intervention is aimed to promote self-learning
by facilitating each student in studying at the right level and learning to set
goals and take challenges to the next level. Given the unique setting of this
non-formal education, such as the low-cost platform and smaller class size, BPS
has the potential to scale up this intervention to improve primary education in
Bangladesh through developing students’ cognitive and non-cognitive abilities.

B. Intervention: The Kumon Method of Learning

The Kumon method of learning has been introduced in selected BPSs among
third- and fourth-grade students as a supplementary module in mathematics.
Kumon aims to enable students to develop advanced academic and self-learning
abilities by ensuring that they always study at a level that is just right for each
student. Students are assigned to an initial level based on their individual perfor-
mance on a diagnostic test (DT) provided by the Kumon Institute of Education
Co., Ltd., not on the basis of their school grade or age. The Kumon method is
uniquely designed to set the initial level slightly lower than the student’s concur-
rent maximum capacity in order to: i) ensure full understanding of the basic con-
cepts as a firm building block for cognitive ability development; and ii) stimulate
students’ motivation to continue studying, which also works for the development
of their non-cognitive abilities such as self-esteem and sense of competence. The
Kumon mathematics program is divided into 20 levels (from Level 6A to Level
O), and five elective levels, comprising a total of 4,420 double-sided worksheets.
All of these worksheets are carefully designed, starting from simple counting to
advanced mathematics, with the level of difficulty increasing in small stepsH

10Appendixexplains the details of the worksheets designed by Kumon, using a couple of worksheet
examples. The final level of the material covers the high school graduation level.



Worksheets contain example questions with hints that help students to acquire
step-by-step problem-solving skills by themselves. Kumon instructors do not pro-
vide lectures; they simply observe students’ progress. They adjust the level of
worksheets if students are stuck on the same worksheet or cannot find the right
answer after many attempts. As a result, students can absorb material beyond
their school grade level through self-learning and advance to high school-level
material at an early age. Importantly, slower learners can spend more time on
the basics without being rushed to move on to advanced-level materials beyond
their level of understanding.

Another feature of Kumon is a tracking system for each student’s progress and
achievements using personalized record books. Kumon instructors do not teach
in the class and, hence, do not need extensive prior experience to conduct daily
quizzes to monitor each student’s understanding and progress. This is because
Kumon worksheets are laid out in small steps to enable students to self-learn,
and there is a set standard time to solve each worksheet, which allows teachers to
determine which level students can advance to the next level or should repeat a
level. Having detailed progress reports on the worksheets allows instructors to ob-
tain more objective information about their students’ abilities and understanding
of the mathematics involved.

C. Ezperimental Design

To identify the causal effects of Kumon on young students’ cognitive and non-
cognitive abilities, we design and conduct an RCT study. For our purpose, we
need a design that allows us to have adequate statistical power to detect a mini-
mum effect of at least a 0.4 standard deviation, consistent with the effect size of
education intervention elsewhere[l]] Considering that randomization is conducted
at the cluster (school/classroom) level, we assume an intracluster correlation of
0.10 and a statistical significance of less than 0.05 for a two-tail test. These result
in a sample of approximately 26 clusters with a statistical power of 0.80. To
ensure that we do not lose statistical power due to attrition or other factors, we
choose a cluster size of 34, with an average of 30 students per cluster (the average
class size of BPS), giving us a sample of approximately 1,000 students.

We randomly select 34 BPSs comprising third- and fourth-graders from the
179 BPSs in Dhaka and its surrounding areas, with 17 schools receiving Kumon
materials and 17 schools not receiving these materials so that they can serve as
treatment and control schools, respectivelyE The resulting sample breakdown

1 Considering the results from some studies of high-impact education interventions that are teaching
at the right level, such as [Lakshminarayana et al.| (2013) and |Duflo, Dupas and Kremer| (2011}, we
hypothesize a minimum detectible effect of 0.40 on cognitive ability for high policy impact.

12 A stratified randomization at the school-branch level might have been more suitable in this sit-
uation; however, following a concern related to implementation challenges, we employ the method of
randomization without stratification. To address concerns about potential spurious correlations between
intervention and student outcomes arising from the unobserved heterogeneity across school-branches, we
specify alternative models to conduct robustness checks. These are discussed in detail in Section 3.
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by grade is as follows: 19 (out of 48 schools) for the third grade and 15 (out
of 131 schools) for the fourth grade@ In these schools, we select only one of
the two class shifts (either morning or afternoon), with an average class size of
30 students. The intervention consists of a 30-minute session on Kumon study
prior to the beginning of their regular lessons. Thus, during the study periods,
students in the treatment schools come to school earlier than the usual school
hoursE BPS usually follows flexible hours and runs for six days a week except
on public holidays and teacher training days. Our intervention lasted for eight
months, from August 2015 to April 2016.

For the treatment schools, the Kumon Institute of Education Co., Ltd has pro-
vided an intervention package consisting of a mathematics materials set and an
instructor manual with sheets for the BRAC teacher[l®] The full materials set con-
sists of i) mathematics worksheets with questions at various difficulty levels; and
ii) a grading notebook to record everyday progress, including the level of work-
sheet that a student works on, the number of repetitions required before achieving
a full score on the worksheet, and the number of worksheets that students finally
completem

During the administration of Kumon program, the BPS teachers do not provide
lectures; they simply observe students’ progress. They only intervene when stu-
dents are stuck on the same worksheet or cannot find the right answer after many
attempts. They adjust the level of worksheets in such cases. The BPS teachers
also provide guidance when advanced students proceed to entirely new materials
beyond the regular curriculum. The marking assistants help the teachers with
grading and recording the worksheets. Until the session ends, students either
move on to a new worksheet once they have achieved a full score on the previous
one or continue to try and correct wrong answers until they have achieved a full
score within the designated timeframe.

D. Data Description

We construct cognitive ability measures both at the baseline and endline based
on two different mathematics test scores for both the treatment and control school
students. These mathematics tests are developed by the Kumon Institute of

13The treatment schools do not overlap in terms of grade. In other words, in the treatment schools,
Kumon intervention is applied to either the third or fourth grades.

M For practical purposes, our intervention departs from a standard Kumon center in two ways. First,
students remain in the same classroom in which their regular BPS classes are held, while Kumon centers
are normally outside school premises. Second, students are not given homework, unlike the standard
practice in Kumon.

I5BRAC field staff has been assigned to assist and follow up on BPS teachers. Three days of prepara-
tory training for BPS teachers and field staff have been held prior to launching the program to familiarize
teachers with the concepts and procedures of the learning method. In addition, three follow-up training
sessions have been held during the implementation period. Two marking assistants have been provided
for each class to support the grading and recording of worksheets during the Kumon session. BPS
teachers monitor students and determine which level of worksheets that students work on.

16 All the materials, including numbers, have been provided in the Bengali language, which is the
medium of instruction for BPS teachers and students.



Education Co., Ltd. and are known as the Diagnostic Test (DT) and Proficiency
Test of Self Learning (PTSII)B

The DT measures cognitive math abilities, whereby we retain records of both
the score and the time taken to complete the test. The DT used for this study
requires students to answer 70 questions within a maximum of 10 minutes. Hence,
for the DT, we calculate test scores per minute (DT Score per min) to determine
students’ cognitive ability.

The PTSII has two sections: the first part consists of a total of 348 math
questions within six categories measuring different dimensions of math problem-
solving skills, whereby the aggregate score defines students’ cognitive ability
(PTSII-C). The second section consists of 27 questions, whereby the aggregate
score captures students’ non-cognitive ability (PTSII-NC) (See Appendix |Al).
Among the 27 questions, 10 are consistent with the Children’s Perceived Compe-
tence Scale (CPCS) (Sakurai and Matsui, [1992; |[Harter, [1979), and 8 are consis-
tent with the Rosenberg Self-Esteem Scale (RSES) (Rosenberg, 1965). As non-
cognitive ability measures, we employ the aggregated PTSII-NC index as well as
the CPCS and RSES indices.

To assess the long-term impact of the intervention, we also collect students’
results from the PSC examination, which is a nationally administered primary
education completion test by the Ministry of Primary and Mass Education. Those
who wish to continue to further education need to pass the exam, and based on
the exam results, letter grades from A+ to A, A-, B, C, D, and F are assigned@
The subjects include math and English in addition to other subjects, but we focus
on the math PSC results, given that our intervention is related to math problem-
solving skills. Grade-four students had a chance to take the PSC exam about
8 months after the end of the intervention (December, 2016), while grade-three
students took it about 20 months after (December, 2017)@

We also conduct a teacher survey, as well as a parent/guardian survey. The
former data are employed for the analysis of teachers’ assessment ability of student
performance while the latter are used for the baseline balancing test to address
the comparability of treatment and control school students in terms of household
characteristics.

The sample attrition rates in our study between the baseline and endline are,

17Tablein Appendixshows the list of data sets. Tablein Appendixpresents the descriptive
statistics of major learning outcomes such as unconditional means of DT score per minute and PTSII-C
score as well as non-cognitive test scores (RSES and CPCS consistent non-cognitive scores) of the control
and treatment groups with the difference between the two groups at the baseline and endline. See also
Appendix [B] regarding how the tests and survey results have been merged, as well as information on the
unbalanced sample.

18The letter grades are assigned based on the exam scores: if the score is in the range of 80 to 100,
the letter grade is an A+; if 70 to 79, it is an A; if 60 to 69, it is an A-; if 50 to 59, it is a B; if 40 to
49, it is a C; if 33 to 39, it is a D; and if below 33, it is an F. ( http://www.educationboard.gov.bd/
computer/grading_system.php|)

W(enerally, this exam is administered at the end of the fifth grade as a primary school terminal
examination. However, BPS adopts an accelerated curriculum that finishes at fourth grade, and the
students are allowed to take the PSC at the end of the fourth grade.
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on average, 11.3 percent in the treatment schools and 15.6 percent in the control
schools. However, there is no systematic correlation between the attrition and
observed characteristics 2

E. Balancing Test Results

We perform the baseline balance tests by comparing the main outcome vari-
ables of interest between the treatment and control group students: DT scores per
minute, PTSII-C scores, and variables measuring non-cognitive abilities (PTSII-
NC, RSES, CPCS) are all standardized to have a mean of zero and a standard
deviation of one. Table [l| shows the baseline results of regressing each pre-
intervention outcome on the treatment dummy, conditional on child and house-
hold characteristics, branch dummies, and test quality-adjustment variables. The
test quality-adjustment variables include three dummy variables for time misman-
agement (schools failing to restrict the test time or failing to assign a separate
time limit for PTSII-C and PTSII-NC tests), mismatching of test level, and sus-
picion of cheating (27 students were reported)@ The baseline outcome variables
are balanced.

The unconditional balancing test results are reported in Table of Appendix
Bl which shows some significant differences in the outcome variables. Firstly,
we observe a faster DT completion time among the treatment group than in the
control group students at the baseline, which results in a higher DT score per
min. We can reasonably attribute the faster DT completion time among the
treatment group to the higher proportion of cheating identified on the DT in the
treatment group than in the control group. Secondly, we observe that PTSII-C
scores are higher for control group students. This result can be attributed to
the mismanagement of the PTSII test time: this has occurred more among the
control group than in the treatment group in both directions, whereby students
were given either a shorter time than the set time (6% treatment vs 12% control
schools) or unlimited time (6% treatment vs 13% control schools). The shorter
time might have affected the PTSII-NC (the latter half of PTSII) and most likely
resulted in missing answers at the baseline as we observe. The unlimited time, on
the other hand, could lead students to score higher in PTSII-C at the baseline.
For these reasons, we could observe a higher average PTSII-C score among the

20Gee Appendix which shows the characteristics of dropouts and the sample used in the analysis.
To calculate attrition rates, we consider a student to be a dropout if he/she did not take either the DT
or the PTSII at the endline. In treatment schools, 57 out of 478 students, and in control schools, 82 out
of 526 students did not take either the DT or the PTSII at the endline for various reasons (e.g., dropout,
absence on exam days, switch of schools, etc.).

21The details of the test quality-adjustment variables are given as follows. Time mismanagement
dummies: school nos. 8, 26, and 31 did not comply with the time restriction, and school nos. 9, 24,
and 25 failed to allocate a separate time for the PTSII-C and PTSII-NC; and mismatching of test level
dummy: Out of two levels of the DT, school nos. 14, 18, 19, and 20 in grade three took the wrong DT
(Level P3 instead of P1). The DT (Level P2) used for the analysis is not directly affected, but we include
a dummy variable to control for any possible indirect effect. Suspicion of cheating dummy: Based on
teachers’ reports and Kumon’s assessment of an observed gap between DT results and the starting level
of worksheets, 27 cases are reported.
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control group. We believe these baseline imbalances do not weaken our main
conclusion in the paper because both the included cheating dummies and time-
mismanagement dummies can absorb for potential bias in all our estimations.

III. Empirical Specification and Results
A. Students’ Learning Outcomes
ECONOMETRIC SPECIFICATION

We employ the canonical difference-in-differences model to estimate the impact
of the Kumon intervention on our measures of cognitive as well as non-cognitive
abilities of student ¢ at time ¢, Yj;: Yy = g+ a1 Ty +~vd; + 013 - d; + u; + €54, where
the Kumon intervention is specified by an indicator variable, d, taking 1 for the
treatment group and 0 for the control group; 7 is a time dummy; and v and ¢
are student fixed effects and the error term, respectively. The average treatment
effects on the treated can be captured by estimated §. For the estimation, we take
the first difference of the original level equation, whereby the dependent variable
captures improvements in cognitive or non-cognitive outcomes:

(1) AY;t = 1 + 5(11 + AEit,

where A is a first-difference operator. We use cluster robust standard errors at
the school level. However, given the relatively smaller number of clusters, we
use a wild cluster bootstrap procedure, following |(Cameron, Gelbach and Miller
(2008) 7]

To investigate heterogeneous treatment effects, we estimate the equation
for four different sub-samples: i) high-initial cognitive ability and non-cognitive
ability students (high-high type); ii) high-initial cognitive ability and low-initial
non-cognitive ability students (high-low type); iii) low-initial cognitive ability and
high-initial non-cognitive ability students (low-high type); iv) low-initial cognitive
ability and low-initial non-cognitive ability students (low-low type). The cut-off
points for high and low are the median value of respective outcome measures at
the baseline. The parameters of interests are ¢ for different initial ability types.

22 Unlike the standard cluster-robust standard errors, which are downward biased, this approach
reduces over-rejection of the null hypothesis through asymptotic refinement without requiring that all
cluster data be balanced and the regression error vector be independent and identically distributed (i.i.d.).
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Table 1— Students’ Cognitive and Non-cognitive Abilities: Baseline Balancing
Test Results

Dependent Variables DT Score per min* DT Score DT Time PTSII-C Score® RSES® CPCS®
(1) (2) (3) (4) (5) (6)
Treatment 0.018 0.014 -0.015 -0.195 0.027 0.153
(0.141) (0.157) (0.075) (0.132) (0.119)  (0.116)
Constant -0.026 -0.010 0.034 -0.023 -0.001 -0.082*
(0.121) (0.129) (0.046) (0.117) (0.096)  (0.085)
Number of Observations 968 968 968 1,004 1,004 1,004
R-squared 0.023 0.010 0.150 0.327 0.008 0.010

Notes: Asymptotic standard errors are shown in parentheses and are clustered at the school level (34 clusters). The
asterisks reflect the significance levels obtained by a clustered wild bootstrap-t procedure; *** ** and * denote
the 1 percent, 5 percent, and 10 percent levels, respectively. All regressions are controlled for branch-fixed effects.
‘We also include dummy variables for cases of suspected cheating, misguidance of test time, and mismatching of
test level. Control variables: number of members in the household, number of adults in the household, number of
members in the household who have completed primary education, number of males in the household, availability
of electricity, availability of gas connection, source of water, house ownership, dummy for missing variables, and
interaction terms between dummy for missing variables and other covariates.

2: DT Score per Minute stands for Diagnostic (Math) Test score per minute: 70 questions must be solved correctly
in 10 minutes.

b. PTSII-C Score stands for the Proficiency Test of Self Learning first half score, which consists of 348 math
questions.

¢: Among the second half of the Proficiency Test of Self Learning, consisting of 27 survey questions prepared by
Kumon, 10 are consistent with the Children’s Perceived Competence Scale (CPCS Non-cognitive Score) and 8 with
the Rosenberg Self-Esteem Scale (RSES Non-cognitive Score). For survey questions related to each Non-cognitive
Score, see Appendix@ The responses are recorded on a four-point scale: 1=Strongly Agree, 2=Somewhat Agree,
3=Somewhat Disagree, 4=Strongly Disagree. Both cognitive and non-cognitive test scores are standardized and
used in the regression analysis.

RESULTS OF COGNITIVE AND NON-COGNITIVE ABILITIES

The first four columns of Table [2| report the results of the estimating equation
using cognitive outcomes that are standardized, so that the magnitudes of
the impacts are reported in terms of their standard deviations. As shown, we
find significant improvements in the cognitive outcomes measured by DT score
per minute and PTSII-C scores. The magnitude of the impact is enormous: a
2.177 standard deviation in terms of DT scores per minute. While this effect size
may seem surprisingly high compared to the effect size of education interventions
elsewhere, it should be noted here that effect size on DT score per minute is
coming through substantial reduction in test completion time measured as DT
time (-2.274 s.d.). However, the effect size of the DT score (0.505 s.d.), i.e.,
improvement in raw test score, is consistent with previous findings in literature.
Unlike previous studies that have used test scores to determine cognitive ability,
we use test score per minute (DT score per minute), as our intervention is designed
to increase students’ ability to solve math problems in a time-efficient manner,
which is important in pursuing higher education with more complex materials.
We also employ an alternative measure of cognitive ability, PTSII-C, to estimate
equation . As we can see, the estimated effect size using PTSII-C is a 1.198
standard deviation@ While part of the improvement could result from the fact

23These findings are robust in ANCOVA specifications, which are supposed to be less sensitive to
natural within-person variation, unlike DID, in the baseline and endline variables (McKenzie| 2012)). See

Appendix B
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Table 2— Impact of Kumon on Students’ Cognitive Abilities: DID Estimates

Dependent Variables DT Score per min® DT Score DT Time PTSII-C Score RSES CPCS
(1) (2) 3) (4) (5) (6)

Treatment 2.17TH** 0.505%* -2.274%F* 1.198%*** -0.043 -0.113
(0.531) (0.208) (0.512) (0.209) (0.177)  (0.180)
Constant 1.109 0.583* -0.955 0.565 0.017 0.102
(0.320) (0.167) (0.339) (0.140) (0.091)  (0.101)
Num of Obs. 799 799 799 787 696 696
R-squared 0.208 0.064 0.217 0.423 0.026 0.020

Notes: Asymptotic standard errors are shown in parentheses and are clustered at the school level (34 clusters).
The asterisks reflect the significance levels obtained by a clustered wild bootstrap-t procedure; *** ** and *
denote the 1 percent, 5 percent, and 10 percent levels, respectively.

2: DT Score per Minute stands for Diagnostic (Math) Test Score per minute: 70 questions must be solved
correctly in 10 minutes. Both cognitive and non-cognitive test scores are standardized and used in the regression
analysis.

b: PTSII-C Score stands for the Proficiency Test of Self Learning first half score, which consists of 348 math
questions.

that the treated group has become comfortable with taking paper-based math
quizzes, the sizable impact on cognitive ability measurements suggest that the self-
learning approach had substantially enhanced their numeracy skills (particularly
their arithmetic skills). When we examine DT score and DT time separately,
it emerges that the large impacts on DT score per minute largely result from
the improved math-problem-solving speed measured by DT time. Moreover, the
magnitude of the effect on PTSII-C scores is in line with that found by past
studies that have focused on teaching at the right level (Lakshminarayana et al.,
2013; [Duflo, Dupas and Kremer, 2011)). In contrast, regarding the non-cognitive
outcomes reported in the last two columns of Table [2| the homogeneous treatment
effects estimates are insignificant. Several hypotheses are being tested at the
same time: six in Table 2] We have adjusted p-values for multiple testing by
the Romano-Wolf procedure (Romano and Wolf] 2005)), finding qualitatively the
same results of statistical inferences. Also, we confirm these qualitative results
reported in Table [2[ using endline data only (Table |3). Furthermore, an analysis
of covariance (ANCOVA) specification with baseline outcomes as covariates gives
the same results qualitatively (Appendix @[)

The heterogeneous treatment effects are reported in Table [d] We find posi-
tive and significant coefficients on cognitive outcomes for all four initial ability
types. The magnitudes on DT score per minute are largest for the students with
high-initial cognitive and non-cognitive abilities (high-high type), while they are
smallest for the students with low-initial abilities in both measures (low-low type).
Regarding the non-cognitive outcomes, however, we find a catching-up effect: stu-
dents with initially low cognitive and non-cognitive abilities (low-low type) show
a positive and significant treatment effect on the change in non-cognitive scores
(RSES) while others do not show significant effects in non-cognitive scores. These
results suggest a building block hypothesis of non-cognitive ability: the Kumon
intervention first improves non-cognitive ability of those who are initially lag-
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ging in both cognitive and non-cognitive abilities; then, in turn, it improves the
cognitive ability of those with sufficiently improved non-cognitive ability.

Since students in the treatment schools have studied Kumon materials for an
additional 30 minutes per day, one might argue that the impact estimates we
present here can also be due to longer session times in schools and not merely due
to the Kumon intervention. To test such a possibility, we exploit the fact that
some treatment schools have conducted Kumon sessions for at least five minutes
longer. Using these time variations in the Kumon sessions, we examine the im-
pact of longer study time of Kumon (Table @ Insignificant coefficients on the
cross-term between the treatment and longer-session dummy suggest that overall
outcomes are not systematically affected by a longer school session. Therefore,
we believe that the impact observed in this study can be attributed to the Kumon
method of learning.

LONG-TERM IMPACT

To assess the long-term impact of the intervention, we collect additional in-
formation regarding national examination achievements after 8 months and 20
months of intervention, respectively, for the grade-four and grade-three students
in our sample. Specifically, we gather the PSC examination results as well as
the reasons for dropouts, if any. From our sample, 43 (37) and 54 (53) percent
of grade-three and grade-four students, respectively, from the treatment (con-
trol) schools took the exam in November-December 2016 and 2017, respectivelyﬁ
Since the proportion of students who took the exam is higher in the treatment
schools than in the control schools, we need to address the potential selection bias
when comparing the PSC outcomes of the two groups. Indeed, among those who
took the PSC exam, the average initial DT score of the treatment school students
is significantly lower than that of the control school students |

To address potential selection bias, we employ alternative specifications in es-
timating the impact of Kumon on PSC exam participation and results in PSC

24There is also evidence that extra hours of tutoring do not have a significant impact on test scores
of NGO primary school students in Bangladesh, although they do reduce dropout rates (Ruthbah et al.|
2016)).

“>We collected students’ PSC registration IDs from the BPS branch offices and teachers of the schools.
Then we obtained their PSC results from the government websites based on the IDs. We also collected
information from the schools about dropouts from the PSC (non-takers). As described, the PSC take-
up rate is relatively higher among treatment school students. The primary reason for not taking the
primary terminal examination was family relocation (79 percent), while other reasons included dropouts
due to labor market participation (8.5 percent), school change (7.3 percent), early marriage (1.5 percent),
sickness (0.75 percent), death (0.24 percent), and no longer studying due to other reasons (2.7 percent).
The registration process for this national examination (usually held at the end of November each year)
begins much earlier in the year and closes in September (Nathl |2015). This means when a child’s family
relocates from the area during this period, it is highly likely that they will fail to register a child for
the examination at another BPS. However, we could not track the students’ families to gather more
information on this or about dropouts.

26The mean DT score of PSC takers from the treatment schools is -0.021, while that of control school
is 0.266, which is significantly different by 0.287 (0.092) at 1 percent significance level. Similarly, the
mean of PTS-C scores among PSC takes at the treatment schools is -0.100, while that of the control
schools is 0.328, which is significantly different by 0.428 (0.087) at 1 percent significance level.
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Table 5— Impact of Kumon on Students’ Cognitive and Non-cognitive Abilities:
Estimates Controlling for Longer Sessions

Dependent Variables DT Score per min® DT Score DT Time PTSII-C Score® RSES ¢ CPCS ©
(1) (2) (3) (4) (5) (6)
Treatment 2.368%** 0.353 -2.646%** 1.188%** -0.118 -0.176
(0.680) (0.225) (0.564) (0.248) (0.184) (0.191)
Treatment x Longer session -0.578 0.459% 1.124% 0.027 0.286 0.241
(0.541) (0.229) (0.586) (0.234) (0.271) (0.268)
Constant 1.103*** 0.587***  -0.944%** 0.566%** 0.014 0.099
(0.314) (0.162) (0.322) (0.140) (0.088) (0.098)
Num of Obs. 799 799 799 787 696 696
R-squared 0.214 0.082 0.242 0.423 0.031 0.024

Notes: Asymptotic standard errors are shown in parentheses and are clustered at the school level (34 clusters). The
asterisks reflect the significance levels obtained by a clustered wild bootstrap-t procedure; *** ** and * denote the 1
percent, 5 percent, and 10 percent levels, respectively.

a: DT Score per Minute stands for the Diagnostic (Math) Test Score per minute: 70 questions must be solved correctly
in 10 minutes.

b: PTSII-C Score stands for the Proficiency Test of Self Learning first half score, which consists of 348 math questions.
©: Among the second half of the Proficiency Test of Self Learning, consisting of 27 survey questions prepared by Kumon,
10 are consistent with the Children’s Perceived Competence Scale (CPCS Non-cognitive Score) and 8 with the Rosenberg
Self-Esteem Scale (RSES Non-cognitive Score). For survey questions related to each Non-cognitive Score, see Appendix
E The responses are recorded on a four-point scale: 1=Strongly Agree, 2=Somewhat Agree, 3=Somewhat Disagree,
4=Strongly Disagree. Both cognitive and non-cognitive test scores are standardized and used in the regression analysis.|

Table 6— Impact of Kumon on Primary School Certificate (PSC) Examination
Math Results: DID, DID with Heckman’s Two-step Estimates, Propensity Score
Matching, and Inverse Probability Weighting

Method DID DID-Heckman PSM DID-IPW
(1) (2) (3) (4)
Treatment 0.185 0.270* 0.222* 0.252*
(0.358) (0.145) (0.119)  (0.153)
Constant -0.234 -1.481**
(0.336) (0.605)
Num of Obs. 461 459 456 454

R-squared 0.006

Notes: The dependent variable is a first-difference of Math PSC
score. Asymptotic standard errors are shown in parentheses
and are clustered at the school level (34 clusters). The aster-
isks reflect the significance levels obtained by a clustered wild
bootstrap-t procedure; ***, ** and * denote the 1 percent, 5
percent, and 10 percent levels, respectively.

Mathematics. As shown in Table [6 we employ simple difference-in-differences
(DID), DID with Heckman’s sample-selection correction approach (DID-Heckman),
Propensity Score Matching (PSM), and DID with Inverse Probability Weighting
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(DID-IPW). The latter three are for taking into account a self-selection bias in
taking the PSC examination@ For the DID with Heckman’s two-step, the first-
stage equation is to regress the choice of taking the exam on student age, gender,
grade dummy, and the treatment dummy. The impact of the intervention is then
examined, eliminating selection bias. For PSM and IPW, we match the sam-
ple based on pre-treatment student characteristics (i.e., student age, gender, and
grade dummy). The results suggest that a significantly higher percentage of stu-
dents from the treatment schools received slightly better grades (above B and C
grades) than those from control schools (Table @@ There is no difference in the
exam passing rate or likelihood of scoring more than A or A+. Overall, we find a
modest long-term impact of the intervention measured by the national-level ex-
amination given outside the purview of our experiment while after the completion
of the intervention.

B. Teacher Assessment Ability

In addition to student outcomes, we also examine the impact of intervention on
teachers’ ability to assess student performance. We hypothesize that teachers can
potentially improve their own understanding and assessment of students’ abilities,
as the intervention will allow them to gain more information about students’ skills
from the daily progress records.

We collect each teacher’s evaluation of individual students’ performances. We
then take the absolute distance between teachers’ evaluations and observed cog-
nitive outcomes (DT Score per min or PTSII-C score)@ Using this outcome
measure, we conduct the same DID specification as equation

Our findings on the improvement in teachers’ ability to assess student perfor-
mance are reported in Table [7]] As shown in this table, we find a significant
improvement in teachers’ ability to assess student performance in both types of
tests (i.e., a negative sign indicates that the assessment scale is closer to the actual
test score scale).

These positive impacts on the BPS teachers are unintended but not a surprise,
given the nature of the intervention. The BPS teachers interact with the program
to the extent that they ensure that students comply with the intervention, i.e.,
study at the right level. By observing the study behavior and daily progress, the
teachers can gain a precise idea of each students ability. While it may suggest

27We use DID to control for time-invariant unobserved differences between the treatment and control
school students that affect both the decision to take the PSC and the results themselves. DID with
Heckman’s sample-selection correction model is introduced to further utilize the non-linearity of the
inverse-mills ratio, which is calculated based on the estimated probability of taking the PSC, to identify
the Kumon effect on PSC results, controlling for the individual fixed effect and selection on taking the
PSC. PSM compares students with similar observable characteristics before the intervention; thus, the
selection on measured cognitive and non-cognitive abilities is controlled. Lastly, DID with Propensity
Score Weighting is a combination of DID and PSM in essence.

28The PSC grading scale is shown at the following link: ( |http://www.educationboard.gov.bd/
computer/grading_system.php|)

29The students’ test scores are categorized into a 1-5 scale to match the teacher’s evaluation score.


http://www.educationboard.gov.bd/computer/grading_system.php
http://www.educationboard.gov.bd/computer/grading_system.php
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Table 7— Association between Teachers’ Assessment and Student Performance

Difference between Teachers’ Objective Evaluation DT Score per min® PTSII-C Score”

and Students’ Objective Performance (1) (2)
Treatment -0.348*** -0.350%*
(0.126) (0.132)
Constant 1.535%** 1.535%***
(0.110) (0.110)
Num of Obs. 1,416 1,416
R-squared 0.050 0.047

Notes: Asymptotic standard errors are shown in parentheses and are clustered at the school
level (34 clusters). The asterisks reflect the significance levels obtained by a clustered wild
bootstrap-t procedure; ***, ** and * denote the 1 percent, 5 percent, and 10 percent levels,
respectively.

a: DT Score per Minute stands for the Diagnostic (Math) Test Score per minute: 70 questions
must be solved correctly in 10 minutes.

b. PTSII-C Score stands for the Proficiency Test of Self Learning first half score, which
consists of 348 math questions.

that teachers could have modified their teaching in program schools, we find no
significant difference in teaching hours or home work load between treatment and
control schools. We agree that better information about students’ progress makes
teachers in treatment schools more accurate in their assessment of students abili-
ties. However, our intervention promoting individualized self-learning is different
from the diagnostic feedback interventions of Muralidharan and Sundararaman
(2010) and de Hoyos, Ganimian and Holland| (2017)), whereby baseline test results
are provided to teachers/schools in order to test its impact on teaching as well
as student learning. The Kumon learning approach has good potential for reduc-
ing teacher stereotyping of students by providing them with better information
about their students and encouraging teaching to learning instead “teaching to
the test.”

IV. Comparing Costs and Benefits

Following [Duflo| (2001) and Heckman et al. (2010)), we calculate the benefit-
cost ratio (B-C ratio) and internal rate of return (IRR). Regarding benefits, we
use our long-term impact estimate on math PSC scores (Table @ and estimated
wage returns to numeracy skills from [Nordman, Sarr and Sharma, (2015) that
use the matched employer-employee data. The benefit per student is calculated
as a product of the impact of Kumon on math ability (s.d.), wage returns on
numeracy skills (s.d.), and average annual earnings. The first estimate is taken
from our results on the PSC exam, and we use the most conservative number
(DID-Heckman estimates), 0.212, in Table @ The wage returns to numeracy
skills, 0.037, are taken from Table 3, column 8 of [Nordman, Sarr and Sharmal
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(2015)). The average annual earnings are calculated based on the average hourly
wage in Table [2 (50.91), multiplied by 40 hours per week and 52 weeks. The
life cycle profile of earnings is calculated based on the estimates of the returns
to tenure and tenure squared terms in the same regression we use for returns to
numeracy skills (0.037 and -0.00067).

As the minimum cost, we consider worksheet printing costs based on the number
of worksheets actually used, transportation costs, cost of purchasing clocks, salary
for personnel, and training costs. For the maximum cost calculation, we added 50
percent higher worksheet printing costs if some students had completed a higher
level, regardless of use. According to the project budget record, the minimum
(maximum) cost per student is 8,786 (9,619) Bangladesh Taka or 113 (124) USD
for eight months.

To construct the B-C ratio chart, we assume that the benefit will last from
1 year to 44 years, considering working for a lifetime from age 16 to 59 and an
annual discount rate of 5 percent following Duflo| (2001). The dead-weight loss
factor is unused because this program did not involve tax spending or revenue.
Under the minimum (maximum) cost assumption, the benefit to cost ratio exceeds
one when the benefits last for more than fifteen (more than eighteen) years, as
shown in Figure [1| (Figure . It should be noted, however, that the wage returns
to numeracy skills are estimated based on full-time formal sector jobs, which
is a growing sector but not necessarily a representative type of employment in
Bangladesh.

IRR is calculated so that the present values of benefit and cost equalize over
a specified time-horizon, varying from 1 year to 44 years. The IRR becomes
positive when workers continue working with benefits for more than ten (twelve)
years with the minimum (maximum) cost (Figures [I] and [2)).

V. Conclusions

In this paper, we have investigated the effectiveness of a novel individualized
self-learning method in overcoming the issue of low-quality teaching and learning
in a developing country. Specifically, we have designed and implemented a field
experiment to test the effectiveness of the Kumon mathematics learning program
on improving primary school students’ cognitive and non-cognitive abilities in
Bangladesh. As an effective program to strengthen cognitive and non-cognitive
learning outcomes, Kumon is based on a just-right level of study so that students
are provided with a suitable amount of mental stimulus to enhance their academic
and self-learning abilities. As an overall impact, after eight months of interven-
tion, we find significant and robust improvements in students’ cognitive abilities
measured by diagnostic test scores per minute and proficiency test scores. The
magnitude of this impact ranges from a 0.505 to a 2.177 standard deviation where
the upper and lower bounds are measured by diagnostic test scores per minute
and time-unadjusted test scores, respectively. These impacts on cognitive ability
are consistent with some existing interventions such as the 0.75 standard devia-
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Benefit-Cost (B-C) Ratio and Internal Rate of Return (IRR) with Minimum Cost
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20%
Internal Rate of Return exceeds 1% if the benefit lasts more than about 10 years
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Figure 1. Benefit-Cost (B-C) Ratio and Internal Rate of Return (IRR) with
Minimum Cost

Benefit-Cost (B-C) Ratio and Internal Rate of Return (IRR) with Maximum Cost
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Figure 2. Benefit-Cost (B-C) Ratio and Internal Rate of Return (IRR) with
Maximum Cost
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tion impact of the supplementary remedial teaching provided by Indian NGOs to
pupils in public primary schools (Lakshminarayana et al., [2013). Regarding non-
cognitive abilities, we find catch-up effects among the initially low non-cognitive
and low cognitive ability pupils. Furthermore, we have demonstrated the long-
term impact of the intervention as measured by students’ achievements on the
national-level examination taken 8 and 20 months after the intervention. Lastly,
we have found some positive impacts on BPS teachers’ capacity to assess student
performance. This latter finding implies that BPS teachers might have bene-
fited from the Kumon intervention by gaining more objective information about
students’ skill levels.

The contributions of this paper are summarized as follows: By demonstrat-
ing the effectiveness of an innovative “self-learning at the right level” method on
students’ cognitive and non-cognitive abilities as well as long-term outcomes, we
believe our study contributes substantially to the existing literature focusing on
improving the quality of primary education in developing countries, in particular,
the literature that examines the effectiveness of pedagogical interventions on stu-
dent learning outcomes (Duflo, Dupas and Kremer, 2011; Banerjee et al.| |2016|
2007; Muralidharan, Singh and Ganimian, [2019)). Since the Kumon method of
learning has already been extended globally, our results are potentially general-
izable to similar socioeconomic and policy contexts. We have also provided a
benefit-cost comparison of the intervention, showing that the benefits will out-
weigh the costs in future years if the effect (in terms of labor market outcome)
lasts for ten to twelve years or more.

From the policy perspective, this study demonstrates that Kumon could be an
effective complementary intervention for the existing lecture-style primary edu-
cation for disadvantaged students such as dropouts from formal education and
those with a low socioeconomic status. Moreover, unlike the existing success-
ful computer-assisted learning programs, the Kumon method of learning is not
constrained by inadequate electricity supplies we often encountered in developing
countries.
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For Online Publication
APPENDIX A: KUMON METHOD WORKSHEET EXAMPLES

In the Kumon method, the self-learning process is enforced by examples and
hints (the first few questions with gray lines). Furthermore, students only need
to learn new math concepts and calculation steps in very small increments on
each worksheet, which helps them to learn autonomously. For example, the first
worksheet (3Ala) allows students to learn the order of numbers (up to 100, for
example). Once students have mastered these worksheets without error within a
targeted timeframe, they begin to learn the concept of addition (note: comple-
tion within a targeted time is a proxy for letting students advance to the next
worksheet). The second worksheet (3A71a) introduces students to the concept
of “adding 1,” using just an arrow. This concept follows from the number order
list that students have already mastered before reaching this level. Finally, in
the third worksheet (3A74a), students learn the concept of adding one using the
summation sign (i.e., “4 17).

3Ala KUMON
Numbers up to 100 Part 1

Write the numbers.

WO

1[2(3[&[5|6[7[8]910

The final worksheet (D81a) shows division by two-digit numbers. Even with
more complicated arithmetic, the examples and hints as well as the preceding
worksheets make it possible for students to self-learn calculation skills and some
of the math concepts behind them. Please note that these worksheets comprise
the English versions thereof. In the case of the BRAC primary school trail, all
materials were translated into Bengali, the local language that BRAC Primary
School students regularly use in class.
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Adding 1 Part1(Upto 124.1)

+ Write the number that comas next.
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APPENDIX B: DATA CLEANING AND MERGING

Sample Attrition: Tableshows that the baseline test scores are not correlated
with the probability of being out of sample in the endline.

Table B1— Characteristics of dropouts and the sample used in the analysis

Dropout Dropout Dropout Dropout
Grade 3 Grade3d Graded4 Grade4

Dep. Var OLS  Probit  OLS  Probit
(1) (2) (3) (4)
Baseline DT Score 0.001 0.009 -0.006 -0.022

(0.005)  (0.036)  (0.012)  (0.049)

Baseline PTSII-C Score -0.001 -0.012 -0.002 -0.009
(0.001) (0.009) (0.002) (0.013)

Number of Observations 481 481 357 357
R-squared 0.008 0.017

Notes: Asymptotic standard errors are shown in parentheses and are
clustered at the school level (34 clusters). The asterisks reflect the
significance levels obtained by a clustered wild bootstrap-t procedure;
*Hk **k and * denote the 1 percent, 5 percent, and 10 percent levels,

respectively.

Data Merging: We use student number and school number, which are uniquely
assigned to each student and each school in our experiment, to merge the different
datasets.
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Table B2— Summary Statistics

Bascline Endline

Variables -
Control - TXeatment  pigrerence  Observations Control  Treatment  pugonce  Observations

can Mean Mean Mean

DT Score 15.96 16.00 005 968 56.24 63.97 173 811
736)  (17.13) (0.55) (1433)  (10.43) (0.87)

DT Time 9.97 9.53 0.43%%* 968 9.05 6.49 2.56%%* 811
(027  (137) (0.07) (155)  (229) (0.14)

DT Score per Minute® 4.62 5.05 -0.43%%* 968 11.56 -5.03%F* 811
Ty (245) (0.14) @73)  (5.75) (0.32)

PTSILC Score® 38.77 34.57 14,2044 1,004 47.44 5815 -10.71%%* 837
(1525)  (10.31) (0.86) (1266)  (13.95) (0.92)

RSES © 0.00 0.00 0.00 1,004 0,03 0.01 ~0.04 832
(045)  (0.39) (0.03) (045 (0.43) (0.03)

CcPes © ~0.04 0.03 ~0.07 1,004 ~0.04 0.03 0,075
043 (037) (0.03) (0.43)  (0.40) (0.03)

Cheating 0.00 0.05 -0.05%** 1,004
000)  (0.22) (0.01)

Mismanagement of time (Shorter) 013 0.06 0.06%%* 1,004
(033)  (0.24) (0.02)

Mismanagement of time (Unlimited)  0.13 0.06 0.07%%% 1,004
(0.33) (0.21) (0.02)

Longer Session - 0.34 E 526

(0.48)

Demographic

Female 0.62 0.58 0.04 974
(049)  (0.49) (0.03)

Notes: Standard deviations for the columns on the means of control and treatment groups and asymptotic standard errors for the column on Difference
are shown in parentheses and are clustered at the school level (34 clusters). The asterisks reflect the significance levels obtained by a clustered wild
bootstrap-t procedure; ***, **, and * denote the 1 percent, 5 percent, and 10 percent levels, respectively.

a: DT Score per Minute stands for the Diagnostic (Math) Test Score per minute: 70 questions must be solved correctly in 10 minutes.

b: PTSII-C Score stands for the Proficiency Test of Self Learning first half score, which consists of 348 math questions.

©: Among the second half of the Proficiency Test of Self Learning, consisting of 27 survey questions prepared by Kumon, 10 are consistent with the
Children’s Perceived Competence Scale (CPCS Non-cognitive Score) and 8 with the Rosenberg Self-Esteem Scale (RSES Non-cognitive Score). For
survey questions related to each Non-cognitive Score, see AppendixdThe responses are recorded on a four-point scale: 1=Strongly Agree, 2=Somewhat
Agree, 3=Somewhat Disagree, 4=Strongly Disagree. Both cognitive and non-cognitive test scores are standardized and used in the regression analysis.]
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APPENDIX C: NON-COGNITIVE ABILITY SURVEY QUESTIONS

Table C1— PTS II survey questions for measuring non-cognitive abilities

Number Question in English CPCS | RSES | GRIT

I did well on this test.

I can do most things better than other people.

There are many things about myself I can be proud of.

I feel that I cannot do anything well no matter what I do.

I believe I can be someone great.

I don’t think I am a helpful person.

I can confidently express my opinion.

I don’t think I have that many good qualities.

I am always worried that I might fail.

I am confident about myself.

I am satisfied with myself.

Even if I fail, I think I can get better and better at things

if I keep trying.

I like to do calculations.

I can calculate in my head when I go shopping.

I think speed is important when solving problems.

When studying, I believe everything will go well if I

correctly follow instructions.

I am more motivated when people praise me.

I always volunteer in class.

I enjoy studying.

School is fun.

I do things better when I have a goal.

There are many things I want to learn more about.

a. I have a role model around me.

b. There is someone around me who I want to be like.

I always have someone who I can go to for advice

when I am having trouble with my studies.

a. There is someone around me who I don’t want to lose against.

b. There is someone around me who I am always competing with.

26 | I always try to do something when things don’t go as expected. X
It doesn’t matter whether I fail in the beginning because

27 . . .

I believe that things will eventually work out.
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Note: Among the 27 survey questions prepared by Kumon, 10 are consistent
with the Children’s Perceived Competence Scale; CPCS (Sakurai and Matsui
(1992) Harter| (1979)), 8 with the Rosenberg Self-Esteem Scale; RSES (Rosenberg
(1965)), and 3 with the Grit Scale; GRIT (Duckworth et al.| (2007)). The rest are
more specific to the Kumon method of learning original with four Bangladesh-
specific questions (questions 24-27). The Japanese version of the original Kumon
survey questions is based on |Sakurai and Matsui| (1992).

Another measurement we consider is the variance in the difference between the
standardized value of teacher evaluations and students’ actual math test scores.
A reduction in this variance implies that the teacher is able to more accurately
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Table C2— Dependent Variable: Variance of Difference between Teacher Assess-
ment and Actual Test Scores

Dependent Variables All Sample Grade 3 Students Grade 4 Students

DT Score
Treatment 0.080 0.222 -0.062
(0.089) (0.137) (0.098)
Endline -0.057 -0.177* 0.144
(0.086) (0.086) (0.144)
Treatment*Endline -0.074 -0.073 -0.170
(0.128) (0.158) (0.203)
Constant 1.127%%* 1.125%%* 1.129*%*
(0.062) (0.074) (0.106)
Number of Observations 64 36 28
R-squared 0.047 0.357 0.094
PTSII-C Score
Treatment 0.069 0.145 -0.018
(0.072) (0.104) (0.100)
Endline -0.005 -0.004 0.004
(0.076) (0.072) (0.169)
Treatment*Endline -0.153 -0.178 -0.152
(0.098) (0.112) (0.193)
Constant 1.069%** 1.052%** 1.089***
(0.052) (0.061) (0.092)
Number of Observations 66 38 28
R-squared 0.064 0.146 0.064

Notes: Asymptotic standard errors are shown in parentheses and are clustered
at the school level (34 clusters). The asterisks reflect significance levels obtained
by a clustered wild bootstrap-t procedure; *** ** and * denote the 1 percent, 5
percent, and 10 percent levels, respectively.

track students’ math ability, as measured by the DT score per minute and PTSII-
C score, thus signifying an improvement in their assessment ability over time. For
this measurement, we first standardize both the teacher evaluations and actual
math test scores and calculate the school-level variance in the difference between
these two values. We then employ the difference-in-differences framework.

Table [C2] reports the changes in teacher assessment as shown by the precision
measure, taking the variance between the difference in standardized teachers’
evaluation and standardized student and student cognitive-test scores. In the
“treatment” for coefficient of interest, the interaction term between the treatment
and the time dummy in the difference-in-differences is specified, so the signs are
consistent across all grades and for both DT score per minute and PTSII-C score,
while no grades demonstrate significant results. Overall, the findings suggest that
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teacher assessment ability of students’ math skills show some improvement, but
the significance level varies by grade and type of test.
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APPENDIX D: ANCOVA RESULTS

As a robustness check, we use an ANCOVA model, which allows us to estimate
the causal effect of a program by comparing outcomes in the treatment group
with outcomes in the control group while controlling for the value of the outcome
variable (and other relevant predictors) at the baseline. Hence, we minimize any
potential sampling error in the impact estimates.

Unlike the case of a canonical difference-in-differences analysis, ANCOVA anal-
yses are less sensitive to natural within-person variation in the baseline and end-
line variables McKenzie| (2012]).

Table D1— Impact of Kumon on Students’ Cognitive Abilities: ANCOVA Esti-
mates

DT Score per min® DT Score DT Time PTSII-C Score? RSES CPCS

Dependent Variables ; .
i (1) 2 (3) (4) (5) (6)
Treatment 2.172%** 0.478*¥*  _2.312%** 1.037%%* -0.010 0.076
(0.514) (0.126) (0.506) (0.191) (0.141)  (0.135)
Constant 1.134 0.631*** -0.961 0.558* -0.022 -0.036
(0.296) (0.123) (0.337) (0.124) (0.103)  (0.098)
Num of Obs. 799 799 799 837 832 832
R-squared 0.254 0.162 0.322 0.321 0.031 0.040

Notes: Asymptotic standard errors are shown in parentheses and are clustered at the school level (34 clusters).
The asterisks reflect significance levels obtained by a clustered wild bootstrap-t procedure; *** ** and * denote
the 1 percent, 5 percent, and 10 percent levels, respectively.

a; DT Score per Minute stands for Diagnostic (Math) Test Score per minute: 70 questions must be solved
correctly in 10 minutes. Both cognitive and non-cognitive test scores are standardized and used in the regression
analysis.

b. PTSII-C Score stands for the Proficiency Test of Self Learning first half score, which consists of 348 math
questions.
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Table D3— Impact of Kumon on Students’ Cognitive and Non-cognitive Abilities:
Estimates Controlling for Longer Sessions - ANCOVA Estimates

Dependent Variables DT Score per min® DT Score DT Time PTSII-C Score® RSES ¢ CPCS °©
(1) (2) (3) (4) (5) (6)
Treatment 2.424%** 0.396%** -2.719%** 1.046%** 0.008 0.122
(0.648) (0.135) (0.548) (0.226) (0.171) (0.166)
Treatment x Longer session -0.761 0.246 1.227%* -0.029 -0.053 -0.136
(0.532) (0.129) (0.537) (0.230) (0.205) (0.200)
Constant 1.128%** 0.633%**  -0.949%** 0.558%** -0.023 -0.039
(0.287) (0.120) (0.318) (0.124) (0.102) (0.096)
Num of Obs. 799 799 799 837 832 832
R-squared 0.264 0.173 0.352 0.321 0.031 0.041

Notes: Asymptotic standard errors are shown in parentheses and are clustered at the school level (34 clusters). The
asterisks reflect the significance levels obtained by a clustered wild bootstrap-t procedure; *** ** and * denote the 1
percent, 5 percent, and 10 percent levels, respectively.

a: DT Score per Minute stands for the Diagnostic (Math) Test Score per minute: 70 questions must be solved correctly
in 10 minutes.

b: PTSII-C Score stands for the Proficiency Test of Self Learning first half score, which consists of 348 math questions.
©: Among the second half of the Proficiency Test of Self Learning, consisting of 27 survey questions prepared by Kumon,
10 are consistent with the Children’s Perceived Competence Scale (CPCS Non-cognitive Score) and 8 with the Rosenberg
Self-Esteem Scale (RSES Non-cognitive Score). For survey questions related to each Non-cognitive Score, see Appendix
E The responses are recorded on a four-point scale: 1=Strongly Agree, 2=Somewhat Agree, 3=Somewhat Disagree,
4=Strongly Disagree. Both cognitive and non-cognitive test scores are standardized and used in the regression analysis.]
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APPENDIX E: HETEROGENOUS TREATMENT WITH CONTINUOUS
COGNITIVE/NON-COGNITIVE SCORES
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APPENDIX F: ENDLINE TABLES

Table F1— Impact of Kumon on Students’ Cognitive Abilities: Endline Estimates

. DT Score per min® DT Score DT Time PTSII-C ScoreP RSES CPCS
Dependent Variables p

(1) (2) (3) (4) (5) (6)
Treatment 2.146%** 0.463*%**  _2.300%** 0.947*** 0.003 0.100
(0.511) (0.125) (0.504) (0.214) (0.150)  (0.144)
Constant 1.168%** 0.655***  -0.976*** 0.548*** -0.029 -0.052
(0.293) (0.129) (0.334) (0.140) (0.107)  (0.098)

Num of Obs. 811 811 811 837 832 832
R-squared 0.234 0.129 0.321 0.220 0.021 0.031

Notes: Asymptotic standard errors are shown in parentheses and are clustered at the school level (34 clusters).
The asterisks reflect significance levels obtained by a clustered wild bootstrap-t procedure; ***  ** and * denote

the 1 percent, 5 percent, and 10 percent levels, respectively.

a: DT Score per Minute stands for Diagnostic (Math) Test Score per minute: 70 questions must be solved
correctly in 10 minutes. Both cognitive and non-cognitive test scores are standardized and used in the regression

analysis.

b. PTSII-C Score stands for the Proficiency Test of Self Learning first half score, which consists of 348 math

questions.
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Table F3— Impact of Kumon on Students’ Cognitive and Non-cognitive Abilities:
Estimates Controlling for Longer Sessions - Endline Estimates

Dependent Variables DT Score per min® DT Score DT Time PTSII-C Score® RSES ¢ CPCS °©
(1) (2) (3) (4) (5) (6)
Treatment 2.409%** 0.392%**  _2.691%** 0.981%** 0.030 0.156
(0.634) (0.133) (0.542) (0.258) (0.182) (0.175)
Treatment x Longer session -0.800 0.214* 1.193%* -0.104 -0.083 -0.169
(0.531) (0.126) (0.526) (0.266) (0.208) (0.202)
Constant 1.161%%* 0.657***  -0.965%** 0.547%%* -0.030 -0.054
(0.284) (0.127) (0.317) (0.141) (0.106) (0.096)
Num of Obs. 811 811 811 837 832 832
R-squared 0.245 0.138 0.349 0.221 0.022 0.034

Notes: Asymptotic standard errors are shown in parentheses and are clustered at the school level (34 clusters). The
asterisks reflect the significance levels obtained by a clustered wild bootstrap-t procedure; *** ** and * denote the 1
percent, 5 percent, and 10 percent levels, respectively.

a: DT Score per Minute stands for the Diagnostic (Math) Test Score per minute: 70 questions must be solved correctly
in 10 minutes.

b: PTSII-C Score stands for the Proficiency Test of Self Learning first half score, which consists of 348 math questions.
©: Among the second half of the Proficiency Test of Self Learning, consisting of 27 survey questions prepared by Kumon,
10 are consistent with the Children’s Perceived Competence Scale (CPCS Non-cognitive Score) and 8 with the Rosenberg
Self-Esteem Scale (RSES Non-cognitive Score). For survey questions related to each Non-cognitive Score, see Appendix
E The responses are recorded on a four-point scale: 1=Strongly Agree, 2=Somewhat Agree, 3=Somewhat Disagree,
4=Strongly Disagree. Both cognitive and non-cognitive test scores are standardized and used in the regression analysis.]
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Table G1— Impact of Kumon on Students’ Cognitive Abilities: DID Estimates

Dependent Variables DT Score per min® DT Score DT Time PTSII-C ScoreP RSES CPCS
(1) ) () (4) (5) (6)
Treatment 2.174%** 0.505* -2.269%** 1.198%** -0.043 -0.113
(0.534) (0.208) (0.515) (0.210) (0.178)  (0.180)
Constant 1.109%** 0.583***  _0.955%** 0.565%** 0.017 0.102
(0.321) (0.167) (0.340) (0.140) (0.092)  (0.101)
Num of Obs. 663 663 663 659 570 570
R-squared 0.197 0.063 0.218 0.435 0.022 0.021

Notes: Asymptotic standard errors are shown in parentheses and are clustered at the school level (34 clusters).
The asterisks reflect significance levels obtained by a clustered wild bootstrap-t procedure; ***  ** and * denote
the 1 percent, 5 percent, and 10 percent levels, respectively.
a: DT Score per Minute stands for Diagnostic (Math) Test Score per minute: 70 questions must be solved
correctly in 10 minutes. Both cognitive and non-cognitive test scores are standardized and used in the regression

analysis.

b. PTSII-C Score stands for the Proficiency Test of Self Learning first half score, which consists of 348 math

questions.
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Table G3— Impact of Kumon on Students’ Cognitive and Non-cognitive Abilities:
Estimates Controlling for Longer Sessions - DID Estimates

Dependent Variables DT Score per min® DT Score DT Time PTSII-C Score® RSES ¢ CPCS ©
(1) (2) (3) (4) (5) (6)
Treatment 2.397*** 0.299 -2.790%*** 1.229%%* -0.183 -0.237
(0.769) (0.243) (0.620) (0.266) (0.190)  (0.199)
Treatment x Longer session -0.669 0.618** 1.562* -0.093 0.535 0.474
(0.799) (0.295) (0.773) (0.301) (0.320)  (0.315)
Constant, 1.103%%* 0.589%**  _(0.941%*** 0.563%** 0.011 0.096
(0.313) (0.162) (0.320) (0.141) (0.089)  (0.098)
Num of Obs. 663 663 663 659 570 570
R-squared 0.203 0.090 0.254 0.436 0.034 0.030

Notes: Asymptotic standard errors are shown in parentheses and are clustered at the school level (34 clusters). The
asterisks reflect the significance levels obtained by a clustered wild bootstrap-t procedure; *** ** and * denote the 1
percent, 5 percent, and 10 percent levels, respectively.

2: DT Score per Minute stands for the Diagnostic (Math) Test Score per minute: 70 questions must be solved correctly
in 10 minutes.

b: PTSII-C Score stands for the Proficiency Test of Self Learning first half score, which consists of 348 math questions.
©: Among the second half of the Proficiency Test of Self Learning, consisting of 27 survey questions prepared by Kumon,
10 are consistent with the Children’s Perceived Competence Scale (CPCS Non-cognitive Score) and 8 with the Rosenberg
Self-Esteem Scale (RSES Non-cognitive Score). For survey questions related to each Non-cognitive Score, see Appendix
E The responses are recorded on a four-point scale: 1=Strongly Agree, 2=Somewhat Agree, 3=Somewhat Disagree,
4=Strongly Disagree. Both cognitive and non-cognitive test scores are standardized and used in the regression analysis.|
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APPENDIX H: TEACHER ASSESSMENT ABILITY

Table H1— Association between Teachers’ Assessment and Student Performance

DT Score PTSII-C

D dent Variabl .
cpenaent varablies per minute®  ScoreP

Teacher_evaluation® (1-Treatment)*(1-Endline)  0.386%** 0.124
(0.055) (0.201)

Teacher_evaluation*Treatment*(1-Endline) 0.479%FF  0.306***
(0.064)  (0.049)
Teacher_evaluation®(1-Treatment)*Endline 0.177%* 0.155
(0.085)  (0.122)
Teacher_evaluation*Treatment*Endline 0.623*** 0.545%**
(0.222)  (0.083)
Control_Baseline = Treatment_Baseline 1.22 0.77
Control_Endline = Treatment_Endline 3.53%* 0.01**
Num of Obs. 1,268 1,292
R-squared 0.531 0.532

Notes: Asymptotic standard errors are shown in parentheses and are clus-
tered at the school level (34 clusters). The asterisks reflect the significance
levels obtained by a clustered wild bootstrap-t procedure; *** ** and *
denote the 1 percent, 5 percent, and 10 percent levels, respectively.

2. DT Score per Minute stands for the Diagnostic (Math) Test Score per
minute: 70 questions must be solved correctly in 10 minutes.

b. PTSII-C Score stands for the Proficiency Test of Self Learning first half
score, which consists of 348 math questions.
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