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Abstract

This paper reports on the results from a field experiment that tests the effectiveness of
the globally popular Kumon learning method in improving the cognitive and non-cognitive
abilities of disadvantaged pupils in Bangladesh. Using a randomized control trial design,
we study the impact of this individualized self-learning approach among third and fourth
graders studying at BRAC non-formal primary schools. The results show that students of
both grades in the treatment schools record substantial and significant improvement in their
cognitive abilities as measured by two different mathematics tests (Kumon diagnostic test
score per minute and proficiency test score) after a period of 8 months, compared to students
in the control schools. In terms of non-cognitive abilities, the results give some evidence of
positive and significant impacts, particularly on the self-confidence of the pupils. Interest-
ingly, this intervention also had a positive and significant impact on the ability of teachers’
to assess their students’ performance. Overall our results suggest the wider applicability of a
properly designed non-formal education program in solving the learning crisis in developing

countries.
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1 Introduction

In many parts of the world there have been tremendous successes achieved under the millen-
nium development goals (MDGs) in terms of school enrolments. According to a
estimate, there are 84 million fewer out-of-school children and adolescents now than
there were in the year 2000. However, the crisis in the quality of learning remains a serious
concern among policy makers. It is observed that significantly fewer children meet a basic level
of proficiency in mathematics and reading in developing regions, while 38% of primary school
completers in those countries do not have an adequate level of learning outcome
2014). Given that education is the important link between all the sustainable development
goals (SDGs), which set global objectives to end poverty and hunger, improving the quality
of education is sine qua non for achieving the SDGs. Indeed, concludes that
quantitative expansion of schooling without emphasis on quality might be counterproductive
for developing countries.

To achieve universal primary education in developing countries, a variety of policy inter-
ventions have been proposed and experimented with, on both the supply and demand sideSEI
In relations to improving learning outcomes, demand side approaches appear to be less promis-
ing, compared to supply side interventions such as more teachers and schools
E| However, Berlinski and Busso| (2015) suggest that the types of pedagogical interven-

tion that require teacher’s to adopt high levels of new technology might be counterproductive

at least in the short-run. In this context, the pedagogical interventions that match teaching

to students learning and ability levels are gaining increasing attention due to their effective-

ness in improving learning outcomes. For example, Banerjee et al.| (2007) have shown that

remedial education programs that teach basic numeracy and literacy skills to children lagging
behind in government schools in India have been very effective in enhancing the test scores of

children in the treated schools relative to control groups, and that the results persisted a year

after the program was implemented. More recently, Banerjee et al| (2016) conducted several

randomized evaluations of teaching at the right level in India, and found that both 10-day
intensive summer camps as well as school-year interventions using such learning methods were
more effective in a setting where students were grouped in terms of initial learning level.
also found that tracking effectively improves learning outcomes, and suggest that
tracking could particularly benefit weaker pupils while addressing stereotyping behaviour on
the part of teachers.

In our study, we designed and implemented a randomized control trial (RCT) to address
the learning crisis in developing countries (here Bangladesh). We adopt and evaluate a glob-
ally popular non-formal individualized education program, the Kumon method of learning
(hereafter Kumon), designed to improve both the cognitive and non-cognitive abilities of pri-
mary school students in the context of Bangladesh. More precisely, Kumon is a market-tested

non-formal education program, which is designed to ensure that students always study at a

!These have ranged from the expansion and improvement of school infrastructure, to providing various incen-
tives 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)|
IDuflo} 2006; Duflo et al., 2007} |Glewwe, [2002).

See|Asim et al.| (2016) for a meta-analysis of impact evaluation studies focusing to improve learning outcomes
in South Asian countries. Other reviews discussing the impacts of interventions on learning outcomes include:
[Kremer et al. (2013)), |Ganimian and Murnane| (2016)), [Evans and Popoval (2015)), McEwan| (2015), and |Glewwe|

(2013




level that is “just right” for themﬂ This philosophy is similar to the “teaching at the right
level”, but emphasizes the self-learning aspects of the learning experiences. Students begin
at a comfortable staring point and learn new concept in small steps. Self-learning is enforced
through hints and examples. Other contributions of this paper are the assessment of the
interventions on the non-cognitive abilities of disadvantaged children in developing countries,
and the examination of whether these have a complimentary impact on learning outcomesﬁ

Bangladesh is one of the few countries on track to achieve universal primary education.
The net primary education enrolment rate (NER) of Bangladesh increased from 62.9% in 2000
t0 97.3% in 2013 (Emran, [2014), with a substantial reduction of the gender disparity in access
to education (Kono et al.l [2016). In addition to dynamic Bangladeshi government policies
and pro-active engagement in improving education (Ravallion and Wodon, 2000; |Ahmed and
Ninno), [2002; Heath and Mobarakl 2015)), schooling has been provided by NGOs, coupled with
the continued donor support for targeted programs and interventions designed to reach out to
the disadvantaged, and these policies played a catalytic role in improving school enrolmentEI
However, despite the glowing achievement of increased school enrolment and the narrowed
gender gap, the lack of adequate student learning remain a serious concern in Bangladesh,
as in other developing countries. For example, |Asadullah and Chaudhury| (2013) evaluated
the ability of school students to answer simple arithmetic problems, finding a puzzling and
imperfect correlation between years of schooling and cognitive outcomeﬁ Hence, in order to
contribute to policy making designed to remedy the learning crisis in primary education in
Bangladesh, our research strategy is to introduce and evaluate the effectiveness of Kumon
mathematics module in improving the cognitive and non-cognitive outcomes of disadvantaged
young children studying in BRAC Primary Schools (BPS), by implementing a carefully de-
signed randomized control trial study]]

In August 2015, Kumon has been introduced for the first time at selected BPS locations
in Bangladesh. Out of 179 schools, 34 are randomly selected into treatment and control
groups, and roughly 1000 students in these schools are tracked over eight months followed
by a baseline study. To preview our findings, after eight months of intervention, Kumon
substantially and significantly improved students’ cognitive ability, and therefore learning

outcomes. This is captured through a series of Kumon Diagnostic Tests (DT) and Proficiency

3 As of March 2017, there are 4.35 million subject enrolments in 50 countries and regions, according to Kumon
Institute of Education.

4While 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 started shedding new light
on the role of non-cognitive abilities such as personality traits, motivations, and preferences (Heckman, [2007,
2006)). In fact, recent studies have begun to show that, in explaining education, success in the labor market, or
other outcomes, the predictive power of non-cognitive abilities are comparable or exceed that of cognitive skills
(Heckman), 2006; |James et al., [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.

5For example, the largest NGO in Bangladesh, BRAC, operates a non-formal education program, the BRAC
Primary School (BPS), which has come to be regarded as one of the most successful interventions in the promotion
of education for poor children. BPSs introduced a seasonally adjusted school calendar, which has been a key to
their success (Watkins, [2000; |Chowdhury et al., [2014)).

5Their findings suggest that among those who completed primary schooling, only 49 percent could provide 75
percent or more correct answers in a simple arithmetic problem test, and the likelihood of providing more than
75 percent correct answers was only 9 percent higher when compared with children with no schooling at all.

"BPS is one of the largest non-formal education programs targeted at disadvantaged populations in Bangladesh,
providing a four-year program, which covers the five-year public primary school curriculum. After the final year,
Bangladesh government allows BPS students to take the Primary Education Terminal Examination, which is neces-
sary to advance further schooling (http://brac.net/education-programme/item/761-brac-primary-schools)


http://brac.net/education-programme/item/761-brac-primary-schools

Tests of Self-learning skills (PTSII). The magnitude of the impact ranges from 1.50 - 2.06
standard deviation for grade three, and 2.12 - 2.64 for grade four, both measured by DT test
score per minute. These effects are large compared to some existing interventionsﬁ While
most studies use test scores, we use score per minute in the case of diagnostic tests as our
intervention is designed to increase a student’s ability to solve math problems in a time efficient
manner. In the case of PTSII, the magnitude of the impact is found in the range of 0.78 for
grade three, and 1.02 - 1.22 for grade four students respectively. In terms of non-cognitive
abilities, the results show some evidence of positive and significant impacts, particularly on the
self-confidence of the pupils. Lastly, this intervention also had some positive and significant
impacts on a teachers’ ability to assess their students’ performance. This latter result may
suggest that short term intervention becames effective in mitigating teachers’ stereotypes by
facilitating a better match between teaching and student level, and thereby improving student
abilities.

The rest of paper is organized as follows. In Section 2, we outline our experimental
design, followed by a description of our data and our baseline test results. Section 3 gives

the econometric evaluation framework, followed by empirical results. Section 4 concludes the

paper.

2 Experiment Design, Data, and Balancing Test

2.1 Intervention: the Kumon Method of Learning

Kumon has been attracting a wide attention globally as an effective program to strengthen
both cognitive and non-cognitive learning outcomes. In Bangladesh, Kumon has been adopted
in selected BPS as a pilot program to improve their third and fourth grade students learning
outcomes in mathematics. Kumon aims to enable students to develop advanced academic
and self-learning ability by ensuring that children are always studying at a level that is just
right for them. Students begin from a comfortable starting point suitable to their ability
level, regardless of their age or grade level in formal school. The comfortable starting point is
usually set slightly below students’ concurrent maximum potential capacity to: i) ensure full
understanding of the basic concepts as a firm building block of cognitive ability development,
and ii) boost students’ motivation to continue to study, which also works for the develop-
ment of their non-cognitive ability. Kumon’s 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
Worksheetsﬂ All of these worksheets are carefully designed, starting from simple counting to
advanced mathematics, with the level of difficulty increasing in small Stepsm Some work-
sheets contain example questions with hints, which help students to acquire step by step
problem solving skills by themselves. As a result, students can absorb material beyond their

school grade level through self-learning, and advance to studying high school level material at

8For example, Lakshminarayana 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 et al.| (2011)
found a 0.9 standard deviation impact from the peer effects of tracking for the top quartile students in the primary
schools of Kenya.

9Kumon also has reading related subjects, such as English, but we concentrate on the explanation of the
mathematics program, as it is the subject that BPS has focused on at this time.

10 Appendix 3 explains 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.



an early age. Importantly, slower learners can spend more time on the basics without being

rushed to move on to advanced level of materials beyond their understanding.

2.2 Experimental Design

To identify the causal effects of Kumon on young students’ cognitive and non-cognitive abil-
ities, we design and conduct an RCT study. We need a design that will allow us to have
adequate statistical power to detect a minimum effect of at least 0.4 standard deviationB
Considering that randomization is done at cluster (school/class room) level, we assume intr-
acluster correlation of 0.10, and a statistical significance of less than 0.05 for a two-tail test,
which means a sample of about 774 (26 clusters) with a statistical power of 0.80. So that we
do not lose statistical power due to attrition or other factors, we choose a cluster size of 34,
with average 30 students per cluster, that give us a sample of about 1000 students.

We randomly selected 34 BPS having third and fourth graders from the 179 BPS in Dhaka
and surrounding areas, 17 schools received Kumon materials and 17 schools did not receive
these materials so that they could serve as treatment and control schools, respectivelyE The
resulting sample breakdown by grades is as follows: 19 (out of 48 schools) for the third grade
and 15 (out of 131 schools) for the fourth grade are tracked in our studyE In total, our
study started tracking roughly 1,000 students in these 34 schools. In the schools, we choose
only one of the two class shifts (either morning or afternoon), with an average class size of 30
students. The intervention for the treated school students consists of a 30 minute session on
Kumon-study prior to the beginning of their regular lesson. Thus, students in the treatment
schools come to school earlier than usual during the experiment periodsE

Schools normally runs six days a week except on public holidays and teacher training days.
Out intervention lasts for 8 months, from August 2015 to April 2016. For the treatment
schools, the Kumon Institute of Education Co., Ltd provides an intervention package that
consists of a mathematics materials set, an instructor manual comprising sheets for the BRAC
teacher to navigate the Kumon-Method of learning as well as employment of two marking
assistantsE The materials set consists of i) mathematics worksheets with questions at various
difficulty levels; and ii) a grading note book to record every-day progress, including the level of
worksheet that a student will work on, the number of repetitions needed before achieving the

full score on a worksheet, and the number of worksheets that students will finally completem

" 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 et al.| (2011, we hypothesize this minimum detectible
effect on cognitive ability for high policy impact.

12 A stratified randomization at the school-branch level might be more suitable in this situation; however, follow-
ing a concern related to implementation challenges, we employ the method of randomization without stratification.
To address concerns about potential spurious correlations between intervention and the 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.

3The treatment schools were not overlapping in terms of grade. In other words, treatment schools include
either third or fouth grades with Kumon intervention.

MFor practical purposes, our intervention departs from the standard Kumon center in two ways. First, students
stay in the same classroom where they take the regular lessons of BPS classes, while Kumon centers are normally
held outside school premises. Second, students are not given homework, unlike the standard practice.

I5BRAC field staff are assigned to assist and follow-up on BPS teachers. Three days of preparatory training for
BPS teachers and field staff are held prior to launching the program to familiarize teachers about the concept and
procedure of the learning method. In addition, three follow-up training sessions are held during the implementation
period.

16 A1l the materials, including numbers are provided in Bangla language, which is the medium of instruction for
BPS teachers and students.



During the Kumon session, neither the BRAC teacher nor the two markers play an active role
in teaching. The teacher only monitors students and rarely intervenes except when a student
appear to be stuck in problem solving. In such cases, the level of the worksheet would be
re-adjusted to suit the student’s level. Otherwise, the marking assistants simply grade the
worksheets and return the results to students.

Until the session ends, students either move on to a new worksheet once achieving the
full score in the previous one, or continue trying to correct wrong answers until achieving the
full score within a designed timeframe. The uniqueness of this method is characterized by
three features. First, students are assigned to an initial level of Kumon mathematics based on
individual performance in a diagnostic test (DT), not on the basis of the grade they are in at
school. This allows both students and BPS teachers to understand students’ cognitive abilities
better, as measured through mathematics skills. In fact, Kumon is deliberately designed to
set the initial level lower than the maximum capacity of the student, so that each student can
continue self-learning from the beginning.

Secondly, the tracking of students’ progress and achievements is used to personalize the
adjustments of worksheet difficulty levels. It is new in the regular in-class teaching methods in
BPS for teachers to conduct daily quizzes to monitor the understanding and progress of each
student. For the BPS teachers (of the treatment schools), these detailed progress reports on
the worksheets allows them to obtain more objective information about their students’ abil-
ities, and their understanding of the mathematics involved. This information may indirectly
improve BPS teachers’ instructions in the regular BPS classrooms. Moreover, teachers who
are not familiar with Kumon instructions could support students learning properly, as Kumon
worksheets are laid out in small steps to enable students to self-learn and there is a deter-
mined standard time per worksheet to judge whether students can advance to the next level
or should repeat a level. This may be appealing to those schools and regions that suffer from
a shortage of experienced and/or high-quality teachers, which is a matter of concern not only
in developing countries, but also in remote and/or limited-budget district schools in developed
countries. While Kumon cannot completely substitute a regular class-room based education
with active instructing teachers, these distinctive features are nonetheless promising in pro-
viding complimentary learning experiences to the students through intellectual stimulation.
Lastly, non-digital instruction and the materials used in this method could also be versatile
in a setting that is digitally constrained, or has limited equipment and/or instructors, in less

resourced countries and regions.

2.3 Data Description

For our purposes, we gather not only pre- and post-intervention observations about the cog-
nitive and non-cognitive abilities of students in treatment and control schools, but we also
collect scores obtained by these students from in-between quizzes taken to monitor progress.
In addition, we conduct a teacher survey, as well as a parents /guardian survey construct a
comprehensive evaluation of the learning method. According to our design, only the every-day
worksheet progress records, the grading book and progress report, are available exclusively for
the treatment school students. The diagnostic test measuring cognitive ability is called the
Diagnostic Test (DT), and the proficiency test measuring cognitive and non-cognitive is called

the Proficiency Test of Self Learning Test (PTSII). DT measures cognitive math abilities, and



keeps records of both the score and the time spent for completing the test. The DT test used
for this study require students to answer 70 questions within ten minutes. Hence, for the DT
test, we calculate test score per minute (DT per min) to determine the cognitive ability of
students.

Treatment school students took two levels of DT tests for precision in measuring the
starting level, while control school students took onem The PTSII consists of two sections:
the first part involves of 6 groups containing a total of 348 math questions aimed at measuring
the different dimensions of Math problem solving skills (PTSII score)H The second section
consists of 27 survey questions, which aim to capture the non-cognitive abilities of students.
The survey questions in the PTSII, which aim to measure non-cognitive abilities, are shown
in Appendix 1. Among the 27 survey questions that Kumon has prepared, 10 are consistent
with the Children’s Perceived Competence Scale (CPCS) (Sakurai, [1992; Harter| [1979), and 8
with the Rosenberg Self-Esteem Scale (RSES) (Rosenberg, [1965), and the Grit Scale (GRIT).
The rest are more specific to the Kumon-Method of learning original, with the addition of 3
Bangladesh specific questions.

Tables [I] and [2] present the descriptive statistics of the third grade and the fourth grade
students respectivelyE As the first cut for understanding the basic data features of students’
learning outcomes, we present unconditional means of DT score per minutes and PTSII score
as well as non-cognitive test scores (RSES, CPCS, GRIT consistent non-cognitive scores) of
control and treatment groups with the difference between the two groups, for the baseline and
endline. We observe substantial improvements not only among the treated school students’
learning outcomes, but also those among the control school students. This is mainly because
that the same-level tests have been used from baseline to endline. We would also like to
highlight the fact that this intervention period is worth one-grade period of schooling for BPS
students regardless of the intervention, and BPS itself has been a successful education program
to begin with, but is still seeking further improvements in its pedagogy. This imbalance in the
unconditional means of one of the cognitive tests (i.e., DT for the third grade) at the baseline
is further investigated and discussed in the next section (Table [3).

As reported in the bottom part of Tables |1 and [2} our control (treatment) group sample
consist of around 60 percent males in both grade three and four. We also report on the
household mean wealth index of the control and treatment group students of both third and

fourth grades@ Both gender composition and wealth index are not significantly different

17Observations with suspicion of cheating in tests are re-adjusted to define the starting level based on Kumon’s
judgment, and we use dummy variables for controlling any systematic tendency of cheat. Also, some schools
assigned partially wrong level of DT tests, so we use dummy for this type of instruction error as well. One school
fully failed to comply with instructions, hence those 30 students had to be dropped from the analysis.

18Some schools failed to follow the time instruction at the baseline. We address such instruction error during
the empirical analysis.

19Gee Appendix 2 for how the tests and survey results are merged, as well as information on the unbalanced
sample.

20The wealth index is constructed by extracting principal components based on the following variables: last
income drawn (How much was the last income drawn?); last income per member (the ratio of last income and
total member in the family); average household monthly income In what range does the household’s monthly
average income fall?); the housing condition of household (high quality =1 if type of dwelling are at, single house,
tin shed single house, tin shed semi-detached house; =0 if Katcha single house, Katcha semi-detached house);
land holding (how much land, in decimal, do you own other than your homestead); house ownership (=1 if they
own the house, live in it without paying rent, pay rent to live in it =0 and if pay subsidized amount to live in it);
water source (=1 if tube well and piped tap water, =0 if deep tube well); toilet facility (=2 if latrine in house
are ring slab, pit latrine; =1 if septic latrine, 0 if open latrine); access to gas connection (=1 if yes); access to
electricity connection (=1 if yes); nutrition status (weekly frequency of meat consumption, egg consumption milk



between the treatment and control groups for both grades. The attrition rates between the
baseline and end line are on average 11.3 percent in treatment schools and 15.6 percent in
control schools 1]

2.4 Balancing Test Results

To indicate the success of randomization, baseline sample characteristics between treatment
and control group need to be balanced, so that final impact estimates are valid estimates of
the effect of the intervention. Therefore before proceeding to analyze the impact of the inter-
vention, we present the baseline balance test results. Specifically, we compare the treatment
and control group students with regard to the main outcome variables of interest: DT score
per minutes, PTSII scores, and the variables measuring Non-cognitive abilities. The balance
test results are reported in Table[3] Columns (1)-(3) and (7)-(9) of Table [3|show the results of
testing the balance without conditioning on any further observable characteristics of students,
while the columns (4)-(6) and (10)-(12) of Table [3| gives the results conditioned on branch
fixed effects and dummies for measurement errors (suspicion of cheating, misguidance of test
time, misguidance of test level). The unconditional balance test shows a significant difference
between treatment and control group students particularly within third grade with regards to
the DT test score per minute, similar to the descriptive statistics reported in Tables |1| and
However, the sample is balanced once branch fixed effects and other household characteris-
tics are controlled for. Therefore the subsequent empirical analysis use similar controls when

estimating the impact of intervention on major outcome variables.

3 Empirical Specification and Results

3.1 Students Learning Outcomes
3.1.1 Econometric specification

We employ an ANCOVA model to estimate the impact of the Kumon method on students
cognitive (measured by DT test score per minute and PTSII score) as well as non-cognitive
abilities (measured by aggregate index consistent with RSES, CPCS, GRIT, based on the 27
survey questions). ANCOVA 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 baseline and hence minimize

potential sampling error in the impact estimates.

Yy = a1 + BYy—1 + dod; + €54 (1)

The dependent variable, Y, captures the level of cognitive and non-cognitive outcomes

consumption by children in household). This relatively higher wealth index may suggest that BPS seems to have
attracted students from relatively well-off families because of its success, notwithstanding the claim that BPS
targets only disadvantageous families’ children. For a review of admission eligibility criteria in BPS see |Afroze
(2011).

“ITo calculate attrition rates, we consider a student as Dropout if he/she didn’t take either the DT test or
PTSII in end line. In treatment schools, 57 out of 478 students and in control schools, 82 out of 526 students did
not take either DT test or PTSII at the end line for various reasons (e.g., dropouts, absence on the exam days,
switch of schools and so on). Table in Appendix 2 shows the characteristics of dropouts and the sample used
in the analysis.



and the Kumon intervention is specified by an indicator variable, d, taking 1 for treatment
group and 0 for control group to estimate the treatment effect. E Unlike the case in a
canonical difference-in-difference analysis, which estimates program impact on the within-
sample difference between end line and baseline outcomes, ANCOVA analyses are less sensitive
to natural within-person variation in the baseline and end line variables. This maximizes
statistical power, particularly when outcomes are not strongly auto-correlated (McKenzie,
2012), as is assumed in this study. The ANCOVA model used cluster robust standard errors
at the school level. However, given the relatively smaller number of clusters, we used a
wild cluster bootstrap procedure for concluding the statistical significance of parameters,
following |Cameron et al.| (2008). 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 are balanced and the regression
error vector to be i.i.d..

We estimate the heterogeneous treatment effect by students initial cognitive ability and
initial non-cognitive ability, following the specification of, one by one student characteris-

tics.

Yie = aq + BYi—1 + dod; + Z5jdi - Xij + €it, (2)
J
where the dependent variable captures level of cognitive or non-cognitive outcome, the Xj;
variable denotes student characteristics of interest, the indicator, d, represents the Kumon
intervention and the parameter § shows the impact of Kumon.

We conduct robustness check of treatment estimates by specifying different regression
models. These include firstly, cross sectional regression using only the end line outcome vari-
ables, whereby the endline difference in outcome variables are regressed on treatment status
(Equation . This is done because of the concern that missing values in baseline responses
in case of non-cognitive survey questions (primarily due to administrative problem) could
poetically result in selection bias in case of ANCOVA specification. A major concern specific
to the non-cognitive analysis is that there was an administrative problem (i.e., instructions on
survey test taking time) in the baseline test that caused many students to fail to complete the
survey questions. Figure 1 shows the pattern of missing answers to the non-cognitive ability
survey questions for the baseline. Compared to Figure 2, which is the same pattern for the
end line survey, there are more missing observations in the baseline (i.e., the “white” areas
indicate the missing values). Due to the selection bias arising from the number and types of
survey questions that students have answered, we employ a cross-sectional analysis using only

the endline observations.

Yit = o + 6od; + €. (3)

Secondly, we use canonical difference-in difference specification, whereby a single variable,

interaction between treatment group and treatment period dummy, indicates treatment.

Yit = ag + Ty + vdi + 013 - di 4+ s + €4, (4)

where T is a time dummy; u and ¢ are student fixed effects and the error term, respectively.

22We assign a dummy variable for missing end line observations.



The average treatment effects on the treated can be captured by estimating delta. For the
estimation, we take the first difference of the equation @, whereby the dependent variable,

Y, captures the improvements of cognitive or non-cognitive outcomes:

AY;‘t =) + 6dl + Agit- (5)

For the difference-in -difference specification with heterogeneous treatments and additional
controls, we take equation and further add the interaction terms between the treatment

dummy (d), and student characteristics (X) as follows:

AY;‘t = o1 + 50di + Z(dei . X,’j + A&‘it. (6)
J

3.1.2 Results on Cognitive and Non-Cognitive abilities

Tables [4] and [5] report several important findings emerging from the results obtained by using
cognitive and non-cognitive ability measures (in terms of test scores) for third and fourth
graders. It should be noted that the measures are standardized, so the magnitudes of the
impacts are reported in terms of their standard deviations. First, we find significant improve-
ments in cognitive outcomes measured by DT score per minute and PTSII scores in the case of
both grade three and grade four students following our main ANCOVA specification (columns
(1), (2), (5), (6) and (9) of Table|4). The magnitude of the impact is 2.06 and 2.12 standard
deviations respectively for grade three and grade four in terms of DT score per minute. The
effect of PTSII is 0.78, and 1.22 standard deviations respectively for grade three and grade
four. These findings on cognitive outcomes are robust given the inclusion of initial student
characteristics (the heterogeneous treatment effects specification) as reported in columns (3),
(4), (7), (8) and (10) of Table |4} In that case, the effect of DT score per minutes is 1.50
and 2.12 standard deviations for grade three and four respectively. The effect size of PTSII
is 0.78 and 1.02 standard deviations for grade three and four. We do not find clear patterns
in complementarity between non-cognitive and cognitive ability growth in the heterogeneous
treatment results. These findings are robust against alternative empirical specifications such
as cross-sectional specification using end line outcomes or the difference in differences, as
shown in Table [6] as well as in Table

As for the non-cognitive outcomes that are consistent with the canonical socio-psychological
measurements at some degree (i.e., Children’s Perceived Competence Scale (CPCS), Rosen-
berg Self-Esteem Scale (RSES), and the Grit Scale (GRIT), we do not find significant impacts
in the homogenous treatment specification or the heterogenous specification in either grades
(Table . While the same patterns are found in the cross-sectional specification using end
line outcomes for aggregate non-cognitive ability indexes of CPCS, RSES, and GRIT (Table
@, we find positive and significant impacts in selected individual survey questions related
to self-confidence and their level of agreement to the statements: “I can confidently express
my opinion”, and “I did well in this test” (Table E Among these results, self-confidence
variable (“I can confidently express my opinion”) shows the catch-up effect measured as the
cross-term between the treatment and initial non-cognitive measurement is negative (i.e.,

higher impact on low initial non-cognitive ability students than for the rest). The findings on

2 Given that same questions were asked to all students, we analyse the full sample controlling for grade dummies.
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the non-cognitive outcomes show a slightly more nuanced picture in the heterogeneous spec-
ifications of the difference in differences specification. The aggregate non-cognitive ability
indexes of CPCS, RSES, and GRIT show Kumon’s positive and significant impacts especially
among the fourth graders, once the heterogeneity in treatment effects are considered (Table
. Moreover, for both the third and fourth graders, we find catch-up effects in the non-
cognitive abilities, where the non-cognitive skills have improved more among those with a
low-initial non-cognitive ability (i.e., negative coefficients on Treatment x Initial Noncognitive
Score in Columns (4)-(6), (10)-(12), (16)-(18) of Table [12). These findings, however, are not
robust in respect of the empirical specifications as previously reported.

The interpretation of the cognitive ability (measured by DT score per minute and PTSII
score) treatment effects is straightforward. The Kumon method improved the mathematical
problem solving skills of BPS students in both grades. While part of the improvement could
result from the fact that the treated group students become comfortable taking paper-based
math quizzes, the sizable impacts suggest that the self-learning approach most likely con-
tributed to the improvement of their actual mathematics skills (particularly their arithmetic
skills). Unlike previous studies that use test scores to determine cognitive ability, we use score
per minute for diagnostic testing, as our intervention are designed to increase student ability
to solve math problems in a time efficient manner. When we looked at the DT score and
the DT time separately, it turns out that the large impacts on DT score per minute largely
resutl from the improved math-problem solving speed measured by DT time. Moreover, the
magnitude of the effect on PTSII scores are comparable to those found by the past studies
that focus on teaching at the right level.

As for the interpretation of the non-cognitive survey question results, the findings are not
as robust as the cognitive outcomes. However, some positive impacts found in specific non-
cognitive survey questions suggest the positive treatment effects of the Kumon method on
non-cognitive abilities. In that self-learning raises self-confidence of young learners. In fact,
what separates Kumon from stereotypical shadow education systems, is that their materials
are aimed not only at improving the cognitive but also the non-cognitive abilities of students,
thus the design can be iteratively modified based on the responses of actual students learning
the materials.

Additional robustness checks are done to assess i) the impact of longer Kumon sessions
(Table[d); and ii) actual scores (continuous variables) on the initial cognitive and non-cognitive
abilities for the heterogeneous impact specification (Table. The first check utilizes the fact
that some treatment schools are reported to conduct 5 minute longer Kumon session. Using
this seemingly exogenous time variation, we try to investigate the separate impact of longer
class, independent from the impact of the Kumon method itself. We do not find any significant
impact in these schools, and could not conclude that the longer study time do have any impact
or the data variation is not enough to detect such impact@ Based on this test, we conclude
that the treatment effects reported previously are all inclusive of extra study time as a part
of the Kumon method. The second test shows that the findings are consistent across the
qualitative indicator of initial ability as well as the actual scores in the initial cognitive or

non-cognitive ability measures under the specification of heterogeneity.

Z4There is also evidence that extra hours of tutoring does not have significant impact on test scores of NGO
primary school students in Bangladesh, although reduced dropout rates (Ruthbah et al., 2016).
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3.2 Teacher Assessment Ability
3.2.1 Econometric specification

In addition to the student outcomes, we also attempt to examine the impact of intervention
on the ability of teacher to assess of their students’ performance. Although this has not been
an intended impact of the intervention, we hypothesize that teachers might try to improve
their objective assessment ability of individual student skill levels and understanding, as this
will allow them to gain more information about student abilities through the daily progress
records, than in the current BPS setting.

One of the measurements we construct to capture the accuracy of teacher assessments
is the association between teacher evaluation of student performance and student cognitive
ability, as indicated by DT score per minute and PTSII’s math test score. We quantify the
association between these two values for both the treatment and the control group in different

time periods separately by using the following specification:

Yie = (a11 + B Xie)di Ty + (ao1r + Bo1 Xie)(1 — di) Ty
+ (a10 + Br0Xir)di(1 = Ty) + (aoo + BooXit)(1 — di)(1 = T) 4 wi + €4, (7)

where Y, T, d, u, and € are defined as in the previous section, and X stands for teacher
evaluation of student performance. To check for improvement in teacher assessment ability,
we first conduct an F-test under the null hypothesis of no difference at the baseline: Hy :
810 — Boo = 0. Then, we test the end line differences with the following null hypothesis:
Hy: Bi1— Por =0.

Another measurement we considered is the variance in the difference between the stan-
dardized value of teacher evaluations and student’s actual math test scores. A reduction in
this variance implies that the teacher is able to track student math ability, as measured by the
DT test score per minute and PTSII test score, more accurately, thus signifying an improve-
ment in their’ assessment ability over time. For this measurement, we first standardize both
the teacher evaluations and the actual math test scores, and calculate the school-level vari-
ance of the difference between these two values. Then, we employ the difference-in-difference
framework shown in equation to test the null hypothesis: Hp: § = 0.

3.2.2 Results on Teacher Assessment Ability

Our findings on the improvement in a teacher’s ability to assess their students’ performance
are reported in Tables [L3] and Table [L3] reports the impact on teacher assessment ability
measured by the covariance between the teacher’s evaluation of student and student cognitive-
test scores before/after and with/without treatments, as specified in equation . The signs of
covariance are negative and larger as the association is higher because the teacher’s evaluation
is 1 for the highest and 5 for the lowest. We find a significant improvement in teacher ability
with the PTSII Scores (No difference in the baseline between the control and treatment groups,
while F-test scores are 5.04 and 5.68 for grade three and four respectively in the end line).
Table [14] reports the changes in teacher assessment as measured by the precision measure
taking the variance between the difference in standardized teacher’s evaluation and standard-

ized student and student cognitive-test scores. In the treatment for coefficient of interest, the
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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 both DT score per minute and
PTSII score, while no grades show significant results. Overall, the findings suggest that
teacher assessment ability of student Math skills appears to show some improvement, but the

significance level of this varies by grade and the type of test.

4 Conclusions

In this paper we investigated the effectiveness of a noble individualized self-learning method
also known as Kumon in overcoming the issue of low quality of teaching and learning in the
context of developing countries. Specifically, we implemented a carefully-designed field ex-
periment 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
the just-right level of study, so that students are provided with a suitable amount of mental
stimulus to enhance their academic and self-learning ability. As an overall impact after eight
months of intervention, we found significant and fairly robust improvements in student cog-
nitive abilities. The magnitude of this impact ranges from 1.50 - 2.06 standard deviations for
grade three, and 2.12 - 2.64 for grade four, both measured by test score per minute. These
impacts on cognitive ability as measured by diagnostic tests are large compared to some exist-
ing interventions: such as the 0.75 standard deviation impact of the supplementary remedial
teaching provided by Indian NGOs to pupils in public primary schools (Lakshminarayana
et all 2013). However, the magnitude of the impact on proficiency test score is found to
be in the range of 0.78 for grade three and 1.02 - 1.22 for grade four respectively, which is
comparable to previously mentioned effective education intervantion programs.

As for non-cognitive abilities, measured by the aggregated non-cognitive ability indexes
consistent with Rosenberg’s self-esteem scale, the Children’s Perceived Competence Scale, and
the Grit Scale, we do not find on robust impacts as cognitive outcomes. Nevertheless, there
was some evidence of positive and significant impacts particularly on the self-confidence of
the pupils. Lastly, we found some positive impacts on BPS teachers’ capacity to assess their
students’ performance. These findings imply that the BPS teachers might have benefited from
the Kumon intervention by gaining more accurate and objective information of student skill
levels, which in turn worked towards mitigating the teachers’ stereotypes.

The contributions of this paper is summarized as follows. From the policy perspective,
this study show that Kumon could be an effective complementary intervention to the existing
lecture style primary education for disadvantaged students (e.g., the dropouts from formal
education, and those with low-socioeconomic status). Though the BPS itself is a unique and
effective non-formal primary education program, the success of the collaboration between the
BPS and Kumon may be applicable to the future collaboration between the formal educa-
tion and private supplementary study programs. Moreover, the non-digital instructions and
materials of the method could also be versatile in a setting that is digitally constrained, or
has limited equipment and/or instructors in less resourced countries and regions. In fact,
the World Bank is going to feature the learning crisis as one of the major issues in the 2018
World Development Report, and is seeking interventions that may be effective in improving

student learning outcomes. They do acknowledge the impressive progress towards the MDG
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goal of universal primary completion; however, they also point to the fact that schooling by
itself has not led to learning in many cases, and that this is a wide-spread issue across not
only the low-income, but even the middle-income countries (WB, 2017)@ Hence, this study’s
rigorous analysis could contribute not only to solving Bangladesh’s learning crisis, but will
also be useful in other developing countries facing similar issues, while keeping the contextual
differences in mind.

Our study makes a significant contribution to the literature that uses an experimental
approach to improve the quality of primary education in developing countries; especially the
literature that examines the effectiveness of pedagogical interventions on student learning
outcomes (Duflo et all |2011; Banerjee et al., [2016} |2007). As one of the effective pedagogical
interventions, the Kumon Method of Learning in the BPS setting appears to provide BPS
teachers with more accurate information of student abilities and understanding. Another
dimension of academic contribution is its impact on the non-cognitive ability literature in
the field of education, which is especially scarce on evidence in the experience of developing
countries with disadvantaged children. In this dimension, we do not see as robust findings.
The impacts on non-cognitive outcomes require further investigation to comprehensively un-
derstand all the findings. Also, the usual caveats of RCT-based evaluation of development
programs also apply to our study. While the Kumon method has been extended globally,
the external validity of our findings might be limited to the extent that the sample we study
is not representative even in the context of Bangladesh. Nonetheless, these results may be
generalizable to similar socioeconomic and policy environments. Future studies should focus
on testing the wider applicability of this method, and on estimating the cost effectiveness of

intervention in the context of developing countries.
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Table 13: Teachers’ Assessment Ability (1)

Correlation Values between Teachers’ assessment and students’ performance

Grade 3  Grade 4
Dependent Variables All Sample  gtydents  Students
DT Score
Teacher evaluation x (1-Treatment) x (1-End line) 0.397***  (.358%**  (.391%**
(0.0579)  (0.0659)  (0.0950)
Teacher evaluation x Treatment x (1-End line) 0.193** 0.0721 0.454**
(0.0830)  (0.0538)  (0.173)
Teacher evaluation x (1-Treatment) x End line 0.472%F%  (.553%F*F  (.312%H*
(0.0678)  (0.0802)  (0.0730)
Teacher evaluation x Treatment x End line 0.610%** 0.546 1.382%*
(0.263)  (0.316)  (0.559)
Control Baseline = Treatment Baseline 0.42 1.19 0.79
Control End line = Treatment End line 1.36 2.42 0.86
Number of Observations 1,202 732 470
R-squared 0.520 0.577 0.515
PTSII Score
TTeacher evaluation x (1-Treatment) x (1-End line) 0.124 -0.0358  0.369***
(0.206)  (0.266)  (0.113)
Teacher evaluation x Treatment x (1-End line) 0.159 0.167  0.295%**
(0.118)  (0.130)  (0.0930)
Teacher evaluation x (1-Treatment) x End line 0.325%#*%  (.332%HFF  (.292%4*
(0.0469)  (0.0665)  (0.0368)
Teacher evaluation x Treatment x End line 0.547%**  (0.543***  (.580***
(0.0754)  (0.110)  (0.0734)
Control Baseline = Treatment Baseline 0.03 0.17 0.11
Control End line = Treatment End line 7.68%%* 5.04** 5.68%*
Number of Observations 1,284 762 522
R-squared 0.531 0.568 0.521
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Table 14: Teachers’ Assessment Ability (2)

Variance of Difference in Standardized Values

Grade 3 Grade 4
Dependent Variables All Sample  Gtydents Students
DT Score
Treatment 0.0301 0.162* -0.122
(0.0728) (0.0898) (0.0823)
End line -0.0872 -0.168** 0.0896
(0.0717) (0.0745) (0.121)
TreatmentxEnd line 0.0186 -0.0118 -0.0391
(0.107) (0.122) (0.160)
Constant 1.132%** 1.120%** 1.146%**
(0.0494) (0.0585) (0.0844)
Number of Observations 1,202 732 470
R-squared 0.040 0.333 0.100
PTSII Score
Treatment 0.0472 0.0895 -0.00807
(0.0684) (0.104) (0.0838)
End line -0.0489 -0.0217 -0.0873
(0.0726) (0.0788) (0.144)
TreatmentxEnd line -0.114 -0.137 -0.0914
(0.0893) (0.111) (0.162)
Constant 1.095%** 1.078*** 1.118%**
(0.0545) (0.0707) (0.0876)
Number of Observations 1,284 762 522
R-squared 0.086 0.109 0.092

Note: 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;

ok kx*F denote at 1 percent, 5 percent, and 10 percent level respectively.
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6 Figures
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Appendix 1: Non-Cognitive Ability Survey Questions

Table Al: PTS II second half of survey questions for measuring non-cognitive abilities

Number Question in English CPCS | RSES | GRIT

1 | I did well in this test.

2 | I can do most things better than other people. X X

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

4 | T feel that I cannot do anything well no matter what I do. X X

5 | I believe I can be someone great. X

6 | I dont think I am a helpful person. X X

7 | 1 can confidently express my opinion. X

8 | I dont think I have that many good qualities. X X

9 | I am always worried that I might fail. X X
10 | T am confident about myself. X X
11 | T am satisfied with myself. X X

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

12 4f1 keep trying
13 | I like to do calculations. X
14 | T can calculate in my head when I go shopping. X
15 | I think speed is important when solving problems. X

When studying, I believe everything will go well if I
16 correctly follow instruction

17 | T am more motivated when people praise me.

18 | T always volunteer in class.

19 | T enjoy studying.

20 | School is fun.

21 | I do things better when I have a goal.

22 | There are many things I want to learn more about.

a. I have a role model around me.
23 | b. There is someone around me who I want to be like.

I always have someone who I can go to for advice

24 | when I am having trouble with my studies.

a. There is someone around me who I dont want to lose against.
25 | b. There is someone around me who I am always competing with.

26 | I always try to do something when things dont go as expected.

It doesnt matter whether I fail in the beginning because
27 | 1 believe that things will eventually work out.

Note: Among the 27 survey questions that Kumon prepared, 10 are consistent with he
Children’s Perceived Competence Scale; CPCS (Sakurai| (1992)\Harter| (1979)), 8 with the
Rosenberg Self-Esteem Scale; RSES (Rosenberg) (1965)), and 3 with the Grit Scale; GRIT
(Duckworth). The rest are more specific to the Kumon-Method of learning original with 4
Bangladesh specific questions (question 24-27). The Japanese version of the original Kumon

survey questions is based on [Sakurail (1992]).
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Appendix 2: Data Cleaning and Merging

Sample Attrition: Table A2 shows that the baseline test scores are not correlated with the

probability of being out of sample in the end line.

Table A2: Characteristics of dropouts and the sample used in the analysis

Dropout Dropout  Dropout Dropout
Grade 3 Grade 3 Grade 4  Grade 4

Dep. Var OLS Probit OLS Probit
(1) 2) 3) (4)
Baseline DT Score 0.00122 0.00896 -0.00578 -0.0220
(0.00498) (0.0356) (0.0117)  (0.0494)
Baseline PTSII Score -0.00140 -0.0122 -0.00164  -0.00877
(0.000974)  (0.00926)  (0.00222)  (0.0126)
Number of Observations 481 481 357 357
R-squared 0.008 0.017

Cluster standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1

Data Merging: We used student number and school number which are uniquely assigned
to each student and each school in our experiment to merge different datasets. Table A3

shows each data set and variables.
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Appendix 3: Kumon Method Worksheet Examples

In the Kumon method, self-learning process is enforced by the examples and hints (first few
questions with gray lines). Also, students only need to learn new math concepts and calcula-
tion steps in very small increments at each worksheet, which help them learn by themselves.
For example, the first worksheet (3Ala) is letting students learn the order of numbers (up
to 100 for example). Then after students have mastered these worksheets without an error
within a targeted timeframe, they start to learn the concept of addition (note: a completion
within a targeted time is a proxy for letting students advance to the next worksheet.). The
second worksheet (3A71a) introduces students to a concept of “adding 1”7, using just an arrow.
This concept follows from the number order list that students have already mastered before
reaching this level. Then finally, in the third worksheet (3A74a), students learn the concept

of adding one using the summation sign (i.e., “4+ 17).

3Ala KUMON Harse ET
Numbers up to 100 Part 1 7 7

Diatn
Bl L] v -
(N

S8 =
8

1|23 (&|5|6]7

Wirite the numbers.

3 4 5
3A7la KUMON ETET 3AT4a KUMON 287
Adding 1 Part 1 (Up o 12.4.1) Adding 1 Part1 (Up 0 12.+1)
Yarrm Marra
Tre i L : —:

Tine : =

4 Write the number that comas next.

2 —
2 2+ | =

Two plus one equsls three.

| b —
b+ | =

Four plus one equals

- 5 —
S+ | =

+ Write the numbar that comas next.

3
3

AN A

o B~ W N
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D8la KUMON pai
Division by 2-Digit Numbers 1

P
o uE Ayl —
Trrm =

+ Divide.

(n DH3 (5) |:|HD
21)45 21)65
E-—na @

3-8 D

(2) =[] (&)
21747 21767
A

U

(3) |:|n|:| (1)
21748 21768
[N

U

(&) (8)
21749 21769

=:D83(3)

The last worksheet (D81a) shows the division by 2-digit numbers. Even with more com-
plicated arithmetic, the example and hits as well as the preceding worksheets make it possible
for students to self-learn calculation skills and some of the math concepts behind it. Please
note that these worksheets are the English versions. In the case of the BRAC primary school
trail, all the materials are translated into Bengali, the local language that BRAC Primary

School students regularly use in class.
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