After-School Tutoring and the Distribution
of Student Performance
MIN-HSIUNG HUANG

As more primary and secondary students worldwide seek after-school tutoring in academic subjects, concerns are being raised about whether after-school tutoring can raise
average test scores without widening the variability in student performance, and whether
students of certain ability levels may benefit more than others from after-school tutoring.
To address these questions, I compared the distributions of student performance across
countries with differing levels of participation in after-school tutoring, while controlling
for country-level unobserved heterogeneity using a fixed-effects model. Participating in
either mathematics or science tutoring after school is found to raise national average
performance without widening the dispersion in student performance. In science, lowperforming students benefit more from tutoring than do high-performing students. In
mathematics, high-performing students benefit more from tutoring than do low-performing students.

Background

Throughout Asia, particularly in Hong Kong, Japan, South Korea, and Taiwan, parents invest in after-school tutoring for their children in hopes of
improving their academic performance (Zeng 1999; Bray and Kwok 2003).
Some have described these out-of-school study sessions as a “shadow education” system (Stevenson and Baker 1992; Bray 1999, 2009).1 The prevalence
of after-school tutoring in these East Asian countries is often regarded as a
distinctive educational phenomenon related to a Confucian cultural heritage
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1
Some researchers define “shadow” education as a type of out-of-school instruction that charges
fees in the private sector (Stevenson and Baker 1992; Grodsky 2010). However, Claudia Buchmann,
Dennis J. Condron, and Vincent J. Roscigno (2010) argue against the public/private conceptual distinction to define shadow education. They suggest that such a sharp public/private distinction may
have been appropriate for the case of Japan in the late 1980s, but it does not exist in other countries,
such as the United States, where the private mingles with the public dimensions of the education system.
I do not include the public/private distinction as a defining characteristic of after-school tutoring,
because the governments of some countries are supportive of such tutoring (Bray 2010). Throughout
this article, I refer to “after-school tutoring” rather than “shadow” education, and I acknowledge that
after-school tutoring is not limited to fee-paying tutoring.
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or the tremendous competition for entrance into elite high schools and
universities (Zeng 1999). However, tutoring is prevalent across countries and
over time. Indeed, several studies make the point that the expansion of afterschool tutoring is now a worldwide phenomenon (Baker and LeTendre 2005;
Bray 2006, 2009, 2011; Dang and Rogers 2008). For example, the expansion
of after-school tutoring has been observed in several formerly socialist countries, including China, Vietnam, Cambodia, and some eastern European
countries, following their transitions to market-based systems (Bray 2006;
Silova et al. 2006; Dang 2007). The scale of after-school tutoring has also
expanded over time in Canada (Aurini and Davies 2004; Davies 2004), Kenya
(Onsomu et al. 2005), Mauritius (Kulpoo and Soonarane 2005), Turkey
(Tansel and Bircan 2006), South Korea (Kwak 2004), Singapore (Tan 2009),
Japan (Ono 2007), Malawi, Namibia, Zambia, Zanzibar (Paviot et al. 2008),
Germany (Mischo and Haag 2002), and most member states of the European
Union (Bray 2011). David Baker and coauthors (2001) used data from the
Trends in International Mathematics and Science Study, conducted in 1995
(TIMSS 1995), finding that, in 31 out of 41 TIMSS participating countries,
more than 20 percent of eighth-grade students received weekly after-school
tutorials.2
As after-school tutoring has spread worldwide, questions are arising over
its impact on the distribution of student performance. Three key questions
are, first, whether the use of after-school tutoring promotes student performance, second, whether students perform more unequally as after-school
tutoring becomes more widely practiced, and, finally, whether students of
certain ability levels benefit more from after-school tutoring than do others.
This article addresses these three questions.
After-School Tutoring Participation and Average Performance

To assess the effects of after-school tutoring on academic performance,
it is useful to investigate two distinct research areas. Most previous studies
have addressed the question of whether or not individual students do better
in school if they take extra lessons after school.3 A second question is whether
increasing the percentage of students receiving after-school tutoring would
lead to a better national average performance. This article aims to address
that second question.
The second question calls for a country-level analysis. It is important
because individual students may benefit from after-school tutoring, but this
benefit may come at the expense of those who do not receive such tutoring.
As a consequence, the growth of after-school tutoring might not always lead
2
This finding even led them to conclude that “as mass schooling as a world norm continues to
intensify the importance of schooling, shadow education itself becomes an institutionalized component
of mass education that grows and expands” (Baker et al. 2001, 14).
3
Tansel and Bircan (2006); Dang (2007); Ono (2007); Gurun and Millimet (2008); Kang (2009);
Kuan (2011).
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to improvements in national average performance even though there is a
positive effect on those who participate. Mark Bray (1999, 2003), for example,
reported several ways in which after-school tutoring may have a positive learning effect on those who participate at the expense of those who do not. First,
when some students in the classroom receive private tutoring after school
but others do not, the result may be a more diverse range of student performance within the classroom. School teachers, when faced with a greater
range of performance within the classroom, may gear their instruction to
those at the upper range of the curve and allow achievement gaps between
students to grow. As Bray wrote, “private tutoring can distort the curriculum
in the mainstream system, upsetting the sequence of learning planned by
mainstream teachers, and exacerbating diversity in classrooms” (1999, 18).
Another reason there may be no national effect, despite apparent individual
effects, is that those who participate in after-school tutoring may show less
interest in school lessons because their tutors already covered the topics, or
because their tutors do a better job of presenting the material. This lack of
attention may create a relatively poorer learning atmosphere in the classroom
for those who do not participate in after-school tutoring. Finally, when a
system of after-school tutoring arises, the mainstream school system may lose
talented teachers to private tutoring businesses, as is evident in Costa Rica,
Lithuania, and Senegal (Bray 1999, 54). This loss of talent from the public
sector would exacerbate the achievement gap within each country.
In estimating the effect of after-school tutoring participation on student
performance, a common problem is that students are not randomly selected
into after-school tutoring participation. Also, self-selection processes may
work in opposite directions. On the one hand, a spurious positive correlation
between student achievement and tutoring participation may be observed if
students with greater motivation or more favorable family backgrounds are
more likely to enroll in after-school tutoring, because these factors may have
led to better academic performance even if they had not received after-school
tutoring. On the other hand, a spurious negative correlation may be observed
in countries where lower-performing students are more likely to participate
in after-school tutoring. For example, parents may try to equalize academic
achievement among children of different abilities by investing more in their
lower performing children in a compensatory manner.
While the selection bias can be corrected with an instrumental variable
methodology or propensity score matching, an individual-level analysis is
likely to violate a crucial assumption—the stable unit treatment value assumption (SUTVA)—under which “a change in treatment status of any individual does not affect the potential outcomes of other individuals” (Winship
and Morgan 1999, 663). If some students in the school take part in afterschool tutoring, this may affect the atmosphere of school classrooms, thus
the necessary assumption of SUTVA. Such a violation of SUTVA may lead to
Comparative Education Review
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serious bias in research findings (Sobel 2006). By shifting the analysis to a
more aggregate level and estimating macro treatment effects at that level, as
the present study intends, SUTVA can be more reasonably maintained, according to Markus Gangl (2010, 40).
After-School Tutoring Participation and Performance Inequality

Many researchers are concerned that the rapid growth of after-school
tutoring may magnify performance inequality and strengthen the correlation
between family socioeconomic status and student achievement.4 However,
the correlation between the prevalence of after-school tutoring and the level
of inequality in student performance has not been investigated directly. As
after-school tutoring becomes more widely practiced, inequality in student
performance may increase or decrease, depending on whether the use of
tutoring is dominated by high-performing students seeking an enrichment
strategy, or by low-performing students seeking remedial help. Assuming that
tutoring is effective, inequality in student performance would increase when
an enrichment strategy prevails, and inequality would decrease when its use
is remedial. Previous studies using international data sets report that, worldwide, most students participating in after-school tutoring are those who are
performing poorly but wish to reach an acceptable standard of achievement
(Baker et al. 2001). This suggests that, as greater proportions of poorly performing students receive tutoring, their performance will become closer to
the norms in each country
However, it is also likely that, within certain countries, both remedial and
enrichment strategies coexist. For example, Claudia Buchmann and coauthors (2010) find that most American students use test preparation after
school for remedial purposes, but those with favorable socioeconomic backgrounds are more likely to use it as an enrichment strategy. Soo-Yong Byun
and Hyoonjun Park (2012) further suggest that East Asian American students,
relative to students of other ethnic groups, are more likely to participate in
after-school tutoring, such as taking a commercial SAT test preparation
course, for enrichment purposes.
Who Benefits from Participating After-School Tutoring?

While after-school tutoring provides more learning opportunities for
those who participate, it does not necessarily translate into higher level performances for everyone. According to a recent review by Mark Bray (2011,
47–51), previous research presents highly inconsistent findings with respect
to the effectiveness of tutoring. Previously, Bray (1999, 50) suggested that
whether or not after-school tutoring is effective “presumably depends on (a)
the content and mode of delivery of the tutoring, (b) the motivation of the
tutors and the tutees, (c) the intensity, duration and timing of tutoring; and
4
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(d) the types of pupils who receive tutoring.” In assessing the effect of afterschool tutoring on student performance, the present study considers whether
students of certain ability levels benefit more than others from after-school
tutoring.
In this article, I conduct a country-level analysis, using data from the
TIMSS. Countries, however, differ in many respects. Simply comparing
achievement levels in countries with higher and lower rates of tutoring participation is not an appropriate approach to evaluating the effects of tutoring
participation. This is because country differences in student achievement are
driven strongly by a number of unobserved social and educational factors
other than the rate of tutoring participation after school. Unless a model is
capable of controlling for these unobserved country factors, the effects of
tutorial participation cannot be estimated correctly.5
To test the hypothesis that greater rates of after-school tutoring contribute
to better student performance at the country level, I use data from fourthand eighth-grade students on the TIMSS mathematics and science assessments for countries that participated at both grade levels in the 2003 survey
year. To control for the effects of unmeasured country-level features, I compared the distributions of academic performance for students between grade
8 and grade 4 across countries with different levels of tutoring participation,
using a country-level fixed-effects model. By modeling changes between grade
levels within countries with a country-level fixed-effects strategy, I thus limit
the effect of biases introduced by unobserved or uncontrolled-for differences
between countries.
In addition to the application of the country-level fixed-effects method,
this research improves on previous studies in two respects. First, this study
conducts a subject-specific analysis, with separated effect estimated for each
academic subject (mathematics and science). Many past studies were not
subject specific. The effect of after-school tutoring on student performance
can be more precisely estimated when the subject of after-school tutoring
participated is the same as the subject of student performance. Even when
past investigations conducted subject-specific analysis, it was often limited to
one academic subject. A one-subject analysis, while subject specific, does not
allow for a comparison between subjects in the effects of after-school tutoring
on student performance. It is likely that the impact of after-school tutoring
on student performance may differ by subject.
Second, student performance, in my research, has been measured by a
5

For example, the analysis by Baker et al. (2001) lacked any controls for unobserved country
factors. To assess the association between national use of shadow education and national achievement
levels, Baker et al. used data from the TIMSS 1995 and conduct a country-level regression analysis.
Baker et al. found the use of shadow education to be ineffective in raising national mathematics achievement, but this finding was based on a regression model that controlled only for one variable—the
presence of high-stakes tests (see table 2 of Baker et al.). It would surprising if a more sophisticated
regression model did not lead to different findings.
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curriculum-based test, with a testing time of 72 minutes for fourth graders
and 90 minutes for eighth graders (Martin et al. 2004). Student performance,
when measured by a curriculum-based test, is sensitive to the use of afterschool tutoring. After all, after-school tutoring aims to improve performance
in school, not to raise general ability or problem-solving ability, which is
usually measured by IQ or aptitude tests.
A Survey of Research

Due to selection bias, evaluating the consequences of after-school tutoring
on student performance is not straightforward. To correct for selection bias,
several researchers have employed an instrumental variable method to estimate the causal effect of after-school tutoring. An instrumental variable is
useful only when it is highly correlated with participation in after-school
tutoring, but not correlated with student performance. In Kang’s (2009) study
of South Korea, for example, a student’s birth order was found to be highly
correlated with expenditures on after-school tutoring, but there was no correlation between birth order and student test scores. A student’s birth order,
therefore, was used as an instrumental variable to address the possible endogeneity of household spending on after-school tutoring. With correction
for selection bias, Kang found that a 10 percent increase in tutoring expenditure increases a student’s test performance by 1.1 percentile. This was
considered a modest effect, but the effect was more than five times greater
than that estimated by the ordinary least square (OLS) model, which does
not correct for selection bias. Kang suggested that the OLS estimates were
seriously biased downward because parents spend their money in a compensating manner, with lower performing siblings receiving more private tutoring
within a family. This interpretation contrasts with that of Baker et al. (2001),
who suggested that private tutoring in South Korea is predominantly used
by high-performing students as an enrichment strategy. One possible shortcoming in the Kang study is that neither the amount of tutoring expenditures
nor student test performance is subject specific. In Kang’s study, student test
performance was measured as an average over the three main subjects (Korean, mathematics, and English).
Dang (2007) also applied an instrumental variable strategy and found a
positive effect of tutoring expenditure on student performance in Vietnam.
Dang’s research has the advantage of using a nationally representative data
set, but expenditures on private tutoring are not subject specific and may
include spending on nonacademic subjects. Likewise, student performance
was measured according to three ranks (poor, average, and good) and was
not subject specific.
Gurun and Millimet (2008) used a large sample of 90,410 Turkish students
taking the 2002 university entrance exam for the first time to discover which
students received a university placement. Due to the lack of instrumental
694
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variables, Gurun and Millimet employed parametric and seminonparametric
techniques from the program evaluation literature to address the possible
endogeneity of tutoring participation. They distinguished between two treatment variables: (a) whether the students received any private tutoring prior
to the exam, and (b) if they did receive tutoring prior to the exam, whether
the student spent more than US$1,275 dollars on private tutoring. Once
nonrandom selection was taken into account, they found that tutoring actually had a negative effect on university placement. However, for those who
participated in tutoring, a high expenditure (spending more than US$1,275)
on tutoring did pay off, resulting in a higher probability of entering university.
This finding has an important implication for social inequality, because it
means that private tutoring pays off only after a heavy investment. For the
majority of parents who cannot spend so much on tutoring, a moderate
investment would not be fruitful and could even be harmful.
A shortcoming common to the studies of Kang (2009), Dang (2007), as
well as Gurun and Millimet (2008), is their insensitivity to academic subject.
A subject-specific analysis permits a more rigorous research design because
tutoring participation is usually specific to a subject, such as mathematics or
science, and its impact on student performance is also limited to that subject.
In a subject-specific analysis, the subject of tutoring participation would be
consistent with the subject of student performance. One of the best recent
examples of a subject-specific analysis is that of Ping-Yin Kuan (2011), who
estimated the effects of participation in mathematics tutoring on mathematics
performance. Using longitudinal data from the Taiwan Education Panel Study
(TEPS) and adopting a technique of propensity score matching to tackle the
problem of selection bias, Kuan found a positive average treatment effect of
2.8 in ninth-grade mathematics scores, which is equivalent to a test score gain
of 0.13 standard deviations. While this effect is statistically significant, Kuan
concludes: “The average causal effect of math cramming in Grade 9 is positive
but fairly small” (2011, 363). However, one might question whether an effect
of this size is “small,” given the very short period of time (roughly 2 months)
of exposure to after-school tutoring among those who participated. Kuan’s
“treatment” variable was a dummy variable: “one for participation in math
cramming during the first semester of Grade 9 and zero for nonparticipation”
(Kuan 2011, 353). Because student performance in mathematics was also
assessed in the first semester of grade 9, this leaves a range of 1–3 months
in exposure to after-school tutoring for those who use it. Kuan found a testscore gain of 0.13 standard deviations for tutorial participants in just 2 months.
This could be regarded as a large effect that is substantively as well as statistically significant. Moreover, when students engage in after-school tutoring
for more than 2 months, which is usually the case in Taiwan, the benefit may
accumulate over time.6
6

In a footnote, Kuan reported the cumulative effects of long-term participation in after-school
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Methodologically, the four studies reviewed above go beyond previous
studies by assessing the role of nonrandom selection into tutoring participation with an IV methodology or a propensity score matching approach.
The methodology used by these four studies, however, assumes that students
participating in after-school tutoring will not affect the educational outcomes
of nonparticipants. If this assumption, formally called the SUTVA, were not
to hold, findings of these studies could be biased.
Data

In the present study, I conduct country-level analyses and use data from
fourth- and eighth-grade students on the TIMSS mathematics and science
assessments for countries participating at both grade levels in the 2003 survey
year.7 Not all these countries provide sufficient data for an analysis of afterschool tutoring, even though they meet the criterion of participating at both
grade levels. For example, some countries are excluded from the analysis
because their eighth graders did not report whether they participated in
after-school tutoring. These include Armenia, Cyprus, Hungary, Latvia, Lithuania, Moldova, the Netherlands, Russian Federation, Slovenia, and the Flemish region of Belgium. In addition, England is excluded from the analysis
because the eighth-grade sample from England does not satisfy guidelines
for sample participation rates (Mullis et al. 2004). Morocco and Tunisia are
also excluded from the analysis because more than one-fourth of the fourth
graders in Morocco and nearly half of the fourth graders in Tunisia failed
to respond to the question on after-school tutoring participation. An additional reason to exclude Morocco and Tunisia is that they have a much lower
school enrollment ratio in secondary education relative to other TIMSS par-

tutoring on student performance, using the participation of after-school tutoring from grade 5 to grade
7 as the treatment variable and estimating its effects on the performance of grade 7 and grade 9 students
in mathematics. Kuan found a positive, cumulative effect of two to three points in ninth-grade mathematics when students participated in after-school tutoring for 2 or 4 years. This is indeed a fairly small
effect, given a very long period of exposure to after-school tutoring. However, this finding of Kuan
should be taken with caution for several reasons. First, after-school tutoring experience reported by
students is subject specific in grades 7 and 9, but not in grade 5. Therefore, Kuan’s analyses estimating
cumulative effects of tutoring starting from grade 5 are not subject specific. Second, the survey question
on after-school tutoring experience is retrospective, asking students in grades 11 or 12 to report their
after-school tutoring experience in grades 5, 7, and 9. Finally, the sample used to estimate the cumulative
effects of after-school tutoring on student performance is limited to the core sample of TEPS, which
is somewhat selective and derivative of a much smaller sample. Min-Hsiung Huang and Taissa S. Hauser
(2010) provide a detailed introduction to the TEPS.
7
In TIMSS 2003, the question on after-school tutorial participation in the student questionnaire
is identical with those for grades 4 and 8. In other survey years, such as the TIMSS 1995, the wording
of the question is different for these two grade levels. The TIMSS 1999 covers students in grade 8 only,
and it cannot be compared with the grade 4 sample from TIMSS 1995 because the wording of the
question is different. In TIMSS 2007, the student questionnaire no longer has a question on after-school
tutorial participation in either grade level.
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ticipating countries.8 This may introduce a bias to a between-grade comparison across countries because eighth-grade students, relative to fourth-grade
students, represent a more selective group in Tunisia and Morocco. After
excluding countries with insufficient data, a total of 14 countries are available
for this analysis.
TIMSS 2003 targeted those at the end of the fourth year of formal schooling and those at the end of the eighth year, who were essentially in the fourth
and eighth grades in most countries. The TIMSS adopted a two-stage clustered sample design within each country, with schools sampled in the first
stage and classrooms sampled in the second stage (Foy and Joncas 2000). In
most countries, there was only one classroom randomly selected from a sampled school. When that classroom was sampled, all students in the classroom
were surveyed.
The design of the TIMSS achievement test aimed to reflect as many
curricular goals as possible in all participating countries. To ensure that test
items reflected different curricula among countries, the construction of mathematics and science tests were based on the TIMSS curriculum frameworks,
which were set by consensus and endorsed by all participating countries.
The TIMSS test included a series of multiple-choice test items and openended response questions requiring short or more elaborate explanations.
Not all students were given the same test questions. To minimize the response
burden on individual students, matrix-sampling techniques were used to divide the test item pool so that each sampled student responded to only a
portion of the test questions, but a portion that nonetheless covered all subject
areas (Garden 2000). Therefore, students answered different test items depending upon which test booklets they received. Based on item response
theory, student responses were scaled to provide accurate estimates of achievement that could be compared across countries (Yamamoto 2000). In addition,
a “plausible values” method was used to produce proficiency scores in mathematics and in science. The achievement scores, therefore, are available as
a set of five plausible values for every individual student in each subject.
Country-specific statistics used in this study, such as mean, standard deviation,
interquartile range, and scores at various percentiles of the performance
distribution, were estimated five times, each using a different plausible value.
The final statistic used for analysis is the average of five estimates.
In the TIMSS base year, 1995, the international proficiency scores (mathematics or science) were scaled to have a mean of 500 and a standard deviation
of 100, and the metric of the 1995 scale has been preserved, so test scores
in later survey years can be compared with those in 1995. In the appendix,
8
In secondary education, Morocco has a net school enrollment rate as low as 39 percent (Sarri
2002), and it is 65 percent in Tunisia (Dridi 2002). Similarly, Mullis et al. (2004, 29) report a net
secondary school enrollment ratio of 31 percent in Morocco and 68 percent in Tunisia.
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available online, table A1 presents the numbers of students, classrooms, and
schools for grade 4 and grade 8 separately for each country.
Method
Measure of After-School Tutoring Participation

In the TIMSS 2003, the student questionnaire collects information on
participation in after-school tutoring in mathematics by means of a question:
During this school year, how often have you had extra lessons or tutoring in
mathematics that were not a part of your regular class? The student was given
four choices: (a) every, or almost every day, (b) once or twice a week, (c)
sometimes, and (d) never or almost never. The same question is used for the
subject of science. In the present study, participation in after-school tutoring
is measured as a dichotomous variable with students who “never or almost
never” receive any tutoring coded as 0. Students receiving tutoring sometimes
or regularly are coded as 1.
The Dependent Variables

The dependent variable, student performance in mathematics or science,
is measured in three aspects: (a) country mean test scores, (b) the variability
of test scores within a country, and (c) student test score at the 5th, 25th,
50th, 75th, and 95th percentiles of the national distribution. The variability
of test scores at a grade level within a country is indicated by multiple measures: the standard deviation, the interquartile range, and the test score range
between the 5th and the 95th percentile of the test score distribution. Student
test scores at the 5th, 25th, 50th, 75th, and 95th percentiles of the national
distribution are also used as dependent variables because of concerns over
whether the impact of tutoring differs in degree and direction for students
at different points on the performance distribution. To make achievement
test scores comparable between grade 4 and grade 8, test scores of each grade
level for all students from all countries are standardized at the individual
level to have a mean score of 500 and a standard deviation of 100. For each
country, tables A2 and A3 (in the online appendix) report the mean score,
the standard deviation, and the test scores at the 5th, 25th, 50th, 75th, and
95th percentiles by subject for grade 4 and grade 8, respectively.
Specification of the Fixed-Effects Regression Model

To assess the effects of tutoring participation on student performance, I
adopt a fixed-effects model in order to control for unobserved country-level
heterogeneity (Allison 1994). In the present study, data from two grade levels
for each country are used to control for unobserved country heterogeneity.9
9

While the fixed-effects model is often used with two- or multiple-period panel data, it can be
applied to other data structures as well. For example, sibling data with a pair of observations within a
family can be used to control for unobserved family and background characteristics (Hauser 1991;
Geronimus and Korenman 1992).
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This can be demonstrated from the subtraction of the following two gradespecific equations:
yi8 p (b 0 ⫹ d 0) ⫹ b1x i81 ⫹ b2 x i82 ⫹ b3 x i83 ⫹ b 4 x i84 ⫹ a i ⫹ u i8
(gr. 8) (1)
yi4 p b 0 ⫹ b1x i41 ⫹ b2 x i42 ⫹ b3 x i43 ⫹ b 4 x i44 ⫹ a i ⫹ u i4
(gr. 4)
(2)
The subscript i in equations (1) and (2)denotes a country, ai denotes an
unobserved country effect that is constant between grade 4 and grade 8, and
ai may be correlated with the four explanatory variables in each equation.
The first explanatory variable is an indicator of tutoring participation, which
is xi81 in equation (1) for grade 8 and xi41 in equation (2) for grade 4. The
second explanatory variable is net primary or secondary school enrollment
ratio, which is xi82 in equation (1) for grade 8 and xi42 in equation (2) for
grade 4. Note that xi82 indicates net secondary school enrollment ratio, while
xi42 denotes net primary school enrollment ratio. The third explanatory variable is an indicator of classroom homogeneity in student performance, which
is xi83 in equation (1) for grade 8 and xi43 in equation (2) for grade 4.10 The
fourth and final explanatory variable is subject specific, and it indicates the
direction and the degree of selectivity in the participation of after-school
tutoring, which is xi84 in equation (1) for grade 8 and xi44 in equation (2)
for grade 4. By subtracting equation (2) from equation (1), we obtain:
(yi8 ⫺ yi4) p d 0 ⫹ b1 (x i81 ⫺ x i41) ⫹ b2 (x i82 ⫺ x i42) ⫹ b3 (x i83 ⫺ x i43)
(3)
⫹b 4 (x i84 ⫺ x i44) ⫹ (u i8⫺u i4)
or
Dyi p d 0 ⫹ b1 Dx i1 ⫹ b2 Dx i2 ⫹ b3 Dx i3 ⫹ b 4 Dx i4 ⫹ Du i.
(4)
Equation (3) is equivalent to equation (4), which is the model used in
this study to estimate the effects of tutoring participation on student performance. Note that the unobserved country effect, ai, does not appear in either
equation (3) or (4) because it has been differenced away. Country-specific
factors are differenced out because equation (4) models changes between
grade 4 and grade 8 within countries.
The model presented in equation 4 controls for school enrollment ratio
in order to avoid the bias when eighth-grade students, relative to fourth-grade
students, represent a more selective group. The model also controls for classroom homogeneity in student performance because homogeneously grouped
10
Huang’s (2009) measure of classroom homogeneity is used for analysis. In that study, Huang
decomposed the total mathematics score variance into within- and between-classroom components, and
he suggested “the percentage of total mathematics score variation that occurs between classrooms reflects
the intensity of sorting students by performance level into different classrooms or schools at a given
grade within a country; the higher the percentage, the stronger the intensity of sorting. This percentage,
therefore, is used to indicate classroom homogeneity. If a policy of tracking were introduced between
Grade 4 and Grade 8 in a country, the percentage used to indicate classroom homogeneity should
increase after tracking is introduced, and it should increase more for countries where tracking is more
efficiently and extensively implemented” (2009, 784).
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classrooms may be more prevalent at the grade 8 level than in grade 4, and
between-grade changes in classroom homogeneity are likely to correlate with
between-grade changes in the prevalence of after-school tutoring. For example, in an educational system with tracking, which usually occurs at the
secondary level, students may be more actively engaged in after-school tutoring in order to attend better schools. Finally, the model controls for the
direction and degree of selectivity in the participation of students in afterschool tutoring. This control variable deals with the concern that participants
in after-school tutoring may not be selected in the same way during grades
4 and 8. For example, it is possible that after-school tutoring is practiced
more widely among low-performing students for remedial purposes in grade
4, but it is more likely to be used by high-performing students in grade 8 as
an enrichment strategy.11 The differential selectivity in the participation of
after-school tutoring between fourth and eighth graders, if not taken into
account, may bias the findings of the fixed-effects model.
Measuring the direction and the degree of selectivity into after-school
tutoring is carried out in two steps. First, I examine the nature of the relationship between the use of after-school tutoring and academic performance
at the student level for each academic subject at each grade level in each
country. This is done by regressing a dichotomous indicator of tutoring participation on student test score, controlling for a set of variables previously
shown to affect decisions to use after-school tutoring. Specifically, the logistic
regression model is subject specific, and it includes the following independent
variables: student mathematics or science test score; gender; number of books
at home; whether or not the language spoken at home is the same as the
language used in the TIMSS assessments; number of people living in the area
where the school is located; whether or not students in the school were
grouped by ability within mathematics (or science) classes; whether or not
the school offers enrichment mathematics (or science); and whether or not
the school offers remedial mathematics (or science).12
Second, the effect of test scores on tutoring participation, as indicated
by the regression coefficient of the logistic regression model, is used to determine the extent to which the use of after-school tutoring in a grade level
11

This is, in fact, the case for Taiwan.
Note that mathematics test performance is likely the outcome of after-school tutoring in mathematics, since they were measured at the same time. Therefore, the problem of endogeneity occurs
when mathematics test scores are used as a predictor of participation in mathematics tutorials. The
same problem applies to the subject of science. To avoid the problem, I use mathematics test scores as
a predictor of participation in science tutorials, and I use science test scores as a predictor of participation
in mathematics tutorials. The rationale for adopting this strategy is that participating in after-school
tutorials in mathematics is supposed to improve performance in mathematics, not science. Likewise,
participating in after-school tutoring in science is supposed to raise performance in science, not mathematics. When either mathematics or science test scores are used as a predictor, they are treated as a
proxy for the general level of student achievement. This strategy circumvents the problem of endogeneity
because mathematics test performance is unlikely the outcome of after-school tutoring in science, and
science test performance is unlikely the outcome of after-school tutoring in mathematics.
12
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within a country is dominated by a remedial or enrichment purpose. A significant positive coefficient indicates that after-school tutoring is more likely
to be used by high-performing students as an enrichment strategy. The higher
the positive coefficient, the more that after-school tutoring is dominated by
high-performing students. In contrast, a significant negative coefficient suggests that after-school tutoring is used mostly by low-performing students for
remedial purposes. The stronger the negative effect, the more that afterschool tutoring is dominated by low-performing students. An insignificant
coefficient signifies an equal prevalence between enrichment and remedial
strategies. I rescaled these coefficients to control for the direction and the
degree of selectivity in the participation of after-school tutoring.
The measure of classroom homogeneity, the net school enrollment ratio,
and the subject-specific measure of selectivity in the participation of afterschool tutoring are presented in table A4, available online. As in the study
by Eric Hanushek and Ludger Woessmann (2006, C67), I have used approximately contemporaneous measures of student performance at two different grade levels (grades 4 and 8, in 2003) in order to minimize any contamination due to variations in school policies.
Data Imputation

In most countries, no more than 4 percent of the sampled students failed
to respond to the question on the participation of after-school tutoring in
either subject. In Iran and Norway, however, the percentage of students not
responding to the question is as high as 12 percent in grade 4 for mathematics
as well as for science. For those who did not respond to the question on
tutoring participation, data were imputed using the data of those students
with nonmissing values and data on a set of explanatory variables available
for all students. Take the subject of mathematics for example: this set of
explanatory variables includes age, gender, number of books at home,
whether or not the language spoken at home is the same as the language
used in the TIMSS assessments, number of people living in the area where
the school is located, whether or not students in the school were grouped
by ability within mathematics classes, whether or not the school offers enrichment mathematics, and whether or not the school offers remedial mathematics. The small amount of missing data in these explanatory variables was
imputed by taking the average value at the lowest level available, such as class
average, school average, or country average. For each country in each grade
level, this set of explanatory variables was then used to predict whether or
not a student is likely to receive after-school tutoring in mathematics in the
sample of students who have nonmissing values on tutoring participation in
mathematics. The coefficients from these regressions were then used to impute the value of tutorial participation (either 1 or 0) for the students with
missing data. For the subject of science, I followed the same procedure of
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TABLE 1
Percentage of Students Participating in After-School Tutoring by Subject and Grade,
TIMSS 2003
Mathematics
Country
New Zealand
Scotland
Australia
Japan
United States
Norway
Canada (Ontario)
Italy
Singapore
Canada (Quebec)
Philippines
China (Hong Kong)
Taiwan
Iran

Science

Grade 4

Grade 8

Difference

Grade 4

Grade 8

Difference

63.6
52.7
49.3
66.6
53.9
29.2
45.7
34.2
81.6
35.8
78.4
56.3
60.3
61.7

24.8
16.0
21.9
46.3
34.4
11.7
29.7
20.6
69.5
30.9
75.7
55.3
59.5
66.8

⫺38.8
⫺36.7
⫺27.4
⫺20.3
⫺19.5
⫺17.5
⫺16.0
⫺13.6
⫺12.1
⫺4.9
⫺2.7
⫺1.0
⫺.8
5.1

50.3
41.0
35.5
52.4
42.9
22.3
37.1
29.5
64.4
26.9
79.6
46.3
40.4
45.2

15.9
12.3
11.7
33.0
20.4
5.5
16.3
10.1
51.1
14.2
75.4
37.7
40.5
49.9

⫺34.4
⫺28.7
⫺23.7
⫺19.4
⫺22.5
⫺16.8
⫺20.8
⫺19.4
⫺13.3
⫺12.7
⫺4.1
⫺8.6
.1
4.6

Note.—Subtracting the percentage in grade 4 from the percentage in grade 8 gives the values displayed in the
“Difference” column. Countries are displayed in increasing order of the fourth column. Missing values are imputed.

data imputation. The differences in research findings introduced by the imputation of missing data, however, are found to be trivial. Results of the fixedeffects regression analysis are presented with the imputation of missing data.
Results
Prevalence of After-School Tutoring

Table 1 reports the percentage of students participating in after-school
tutoring by subject and grade for each country.13 After-school tutoring in
mathematics is quite common among students in grade 4. The percentage
of fourth graders participating in mathematics tutoring ranges from 29 percent in Norway to 82 percent in Singapore. The majority of fourth graders
received some tutoring in mathematics after school in all countries except
for students in Norway, Italy, and the two Canadian provinces (Quebec and
Ontario). East and Southeast Asian countries generally show a higher percentage of students receiving mathematics tutoring after school in grade 4,
but there are notable exceptions. For example, mathematics tutoring in grade
4 in New Zealand or Iran is more prevalent than in Taiwan or Hong Kong.
To give another example, mathematics tutoring in grade 4 is almost equally
prevalent in the United States and Hong Kong. Scotland and Australia have
a level of prevalence close to 50 percent, which is not much lower than that
in some East or Southeast Asian countries.
After-school tutoring in mathematics in grade 8 is not as widespread as
13

Those who participate in after-school tutoring differ in the number of days per week that they
are exposed to tutoring. Even those who have the same number of days of tutoring per week differ in
the number of hours per day that they have tutorial classes. The present study does not distinguish
between differing levels of participation within the set of those who participate in after-school tutoring.
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in grade 4. Only in the Philippines, Singapore, Iran, Taiwan, and Hong Kong
do the majority of eighth graders receive tutoring in mathematics. For most
countries, there is less participation in mathematics tutoring in grade 8 than
in grade 4. The difference is most dramatic in New Zealand, Scotland, and
Australia, but it is also quite significant in Japan, the United States, Norway,
Italy, Singapore, and Ontario, Canada. The difference is insignificant in Taiwan, Hong Kong, and the Philippines. In grade 8, the use of after-school
tutoring in mathematics is dominated by East and Southeast Asian countries.
Only Iran has a level of prevalence comparable with that in these Asian
countries.
In science, as table 1 demonstrates, after-school tutoring is not as common
as it is in mathematics. The Philippines, however, is exceptional, with an
equally large share of students receiving tutoring in either subject. Compared
with other countries, the Philippines stands out by having more than threequarters of the students participating in tutoring after school, and this high
rate of participation persists across different subjects and grades. As in the
case of mathematics tutoring, there is a decrease in participation in science
tutoring from grade 4 to grade 8 for most countries. Countries showing a
decrease in participation in mathematics tutoring also demonstrate a comparable decrease in participation in science tutoring. In science, the dominance of East and Southeast Asian countries in using after-school tutoring is
more apparent in grade 8 than in grade 4, as is the case in mathematics.
After-School Tutoring, Inequality, and Efficiency

As table 2 reveals, participation in mathematics tutoring after school does
not widen the achievement gap in mathematics. The same applies to science
tutoring. In science, as a matter of fact, the use of tutoring after school
significantly reduces achievement inequality when inequality is indicated by
interquartile range that is less sensitive to extreme values. At the same time,
the use of after-school tutoring significantly raises national mean performance
in both subjects. Consider mathematics tutoring effects in table 2. Table 2
shows a coefficient of about .8 for the effects of tutoring participation on
national mean performance—that is, a 1 percent increase in tutoring participation is associated with a raise of .8 point in national mean scores. Suppose that after-school tutoring in mathematics were to become more prevalent worldwide with a 5 percent increase in tutoring participation. This
increase would be expected to lead to an increase of four points in mathematics test scores globally. This is not a small effect, considering that over
time, changes in average national mathematics test scores in most countries
are not large—usually they fall into a range between an increase of 15 points
and a decline of 15 points over 4 or 8 years (Mullis et al. 2004, 42–44).
In science, the positive effect of tutoring participation on test performance is quite substantial, nearly twice as large as that in mathematics, with
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TABLE 2
First-Differenced Estimates of the Effects of After-School Tutoring Participation
on the Level and Distribution of Student Performance
Mathematics

Dependent variable: Standard deviation:
Tutoring participation
School enrollment ratio
Classroom homogeneity
Differential selectivity
Constant
R2
Dependent variable: Interquartile range:
Tutoring participation
School enrollment ratio
Classroom homogeneity
Differential selectivity
Constant
R2
Dependent variable: Score range between
5th and 95th percentiles:
Tutoring participation
School enrollment ratio
Classroom homogeneity
Differential selectivity
Constant
R2
Dependent variable: Mean scores:
Tutoring participation
School enrollment ratio
Classroom homogeneity
Differential selectivity
Constant
R2

Science

B

SE

B

SE

.17
.42⫹
.17
.21*
3.05

.20
.24
.14
.08
6.18

⫺.27
.15
.34⫹
.21**
⫺9.17

.23
.28
.16
.06
5.31

.73
.21
.63⫹
.18
.32*
7.03

.69
.28
.30
.20
.12
9.57

⫹

⫺.66
.44
.46
.37**
⫺13.58

.74
.48
1.33
.62
.69*
7.42

.71
.65
.78
.47
.25
20.08

⫺.92
.33
1.15*
.65**
⫺32.34⫹

.73
.82*
.35
.31
⫺.15⫹
17.17*

.76
.88
.52
.20
17.87
.68

.28
.33
.27
.07
5.92
.48

.33
.49
.29
.10
7.72

1.40**
.23
.39
⫺.13
25.79**

.35
.31
.31
.08
6.70
.56

Note.—Missing values are imputed for students who failed to respond to the question on participation in
after-school tutoring in either subject. Huber-White robust standard errors are in parentheses.
⫹ Significant at 10%.
* Significant at 5%.
** Significant at 1%.

a 1 percent increase in tutoring participation associating with a 1.4-point
difference in national mean scores. Supposing that after-school tutoring in
science becomes more prevalent over time, with a 5 percent increase in
tutoring participation, we might expect an increase of seven points in science
test scores globally. This is a significant effect, considering the fact that the
average national performance in science, like that in mathematics, does not
change radically over time (Martin et al. 2004, 44–46).
The present study finds that after-school tutoring significantly raises national mean performance in mathematics and science. This finding is not
consistent with others (Baker et al. 2001), who found after-school tutoring
to be ineffective. What might explain the inconsistency between the findings
of these two studies? Country differences in average performance are driven
by many unobserved social and educational factors other than the rate of
participation in after-school tutoring. To assess the effects of tutorial partic704
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ipation appropriately, these unobserved factors must be taken into account.
The present study adopts a fixed-effects methodology to control for these
unobserved country factors; the study by Baker et al. (2001) did not control
for these unobserved factors.
To determine whether controlling for unobserved country-level heterogeneity would make a difference in the findings, I replicate the regression
model conducted by Baker et al. (2001), except that I use data from the
TIMSS 2003. Because the present study also uses data from the TIMSS 2003,
this makes possible a comparison of the findings of the model with a control
for unobserved country-level heterogeneity, and the model without such a
control. Table A5 in the online appendix shows the findings when I replicate
the model of Baker et al. (2001), which, as stated previously, does not control
for unobserved country-level heterogeneity. As table A5 indicates, the use of
after-school tutoring is ineffective in both subject and grade level (whether
or not controlling for the presence of high-stakes tests)—a finding consistent
with that of Baker et al. This suggests that Baker et al. did not find shadow
education effective for student performance mainly because they did not
control for unobserved country-level heterogeneity in their country-level regression analysis.
Does After-School Tutoring Benefit All?

Table 3 reports the effects of tutoring participation on test performance
for students at the 5th, 25th, 50th, 75th, and 95th percentiles. Participating
in mathematics tutoring after school has a significant and positive effect on
mathematics performance for students performing at the 25th percentile,
for average students, and for students at the upper tail of the performance
distribution. For those performing at the 5th percentile, however, the effect
is insignificant. High-performing students benefit more from mathematics
tutoring than do low-performing students.
In the case of science, students from all ability levels benefit significantly
from participating in after-school tutoring. However, the benefit to low-performing students is nearly twice as large as that for high-performing students.
As a result, the use of science tutoring after school significantly reduces
achievement inequality in science when inequality is measured by interquartile range. The positive effect of participating in science tutoring is stronger than that associated with participating in mathematics tutoring, especially
for the students at lower performance levels. For students at the lowest performance level, participating in science tutoring after school seems much
more effective and rewarding than participating in mathematics tutoring after
school.
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TABLE 3
First-Differenced Estimates of the Effects of After-School Tutoring Participation on Student Performance at the 5th, 25th, 50th, 75th, and 95th Percentiles of the Distribution
Mathematics

Dependent variable: Test scores
5th percentile:
Tutoring participation
School enrollment ratio
Classroom homogeneity
Differential selectivity
Constant
2
R
Dependent variable: Test scores
25th percentile:
Tutoring participation
School enrollment ratio
Classroom homogeneity
Differential selectivity
Constant
2
R
Dependent variable: Test scores
50th percentile:
Tutoring participation
School enrollment ratio
Classroom homogeneity
Differential selectivity
Constant
R2
Dependent variable: Test scores
75th percentile:
Tutoring participation
School enrollment ratio
Classroom homogeneity
Differential selectivity
Constant
R2
Dependent variable: Test scores
95th percentile:
Tutoring participation
School enrollment ratio
Classroom homogeneity
Differential selectivity
Constant
R2

Science

B

SE

B

SE

.49
⫺.10
⫺.06
⫺.54**
15.63

.57
.65
.45
.16
13.39

1.93*
.33
⫺.28
⫺.51**
48.22**

.77
.71
.59
.17
14.47

at the

.66

.55

at the
.73*
⫺.05
.23
⫺.30**
12.53⫹

.32
.36
.30
.07
6.43

1.70**
⫺.03
.19
⫺.30*
30.81**

.65

.44
.49
.42
.10
8.78
.59

at the
.90**
.24
.33
⫺.11
16.49*

.26
.32
.27
.08
6.80

1.38**
.00
.41
⫺.11
22.45*

.47

.36
.35
.29
.08
8.37
.59

at the
.94**
.58
.41
.02
19.56*

.29
.35
.28
.11
8.87

1.05**
.41
.65*
.06
17.22⫹

.46

.32
.28
.22
.08
8.49
.63

at the
.97*
1.24**
.56⫹
.15
23.05*

.35
.33
.28
.12
9.78
.64

1.01**
.66*
.87**
.14
15.88⫹

.34
.30
.22
.09
7.60
.74

⫹

Significant at 10%.
* Significant at 5%.
** Significant at 1%.

Conclusion

Does the use of after-school tutoring promote student performance? The
research literature addressing this question is dominated by individual-level
analyses, which may or may not take account of selection bias. A handful of
individual-level analyses correct for selection bias with a propensity score
matching approach or an IV (instrumental variable) methodology, but they
run into a potential problem of violating the SUTVA assumption. The vio706
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lation of the SUTVA assumption may bias their research findings. Therefore,
this study presents results a country-level analysis that controls for countrylevel unobserved heterogeneity using a fixed-effects model. This research
also improves on previous studies by conducting a subject-specific analysis,
with separated effect estimated for each academic subject in which student
performance is measured by a well-developed curriculum-based test.
The use of after-school tutoring is sometimes an enrichment strategy for
high-performing students and sometimes a remedial plan for those who perform poorly. My findings suggest that the use of after-school tutoring in
mathematics for remedial purposes may not be as effective as when it is used
as an enrichment strategy. In contrast, the use of after-school tutoring in
science for remedial purposes is more effective than when it is used as an
enrichment strategy. The use of after-school tutoring in either subject raises
national average performance without widening the dispersion of student
performance. In fact, it may reduce achievement inequality in the subject of
science.
The sequential and cumulative nature of mathematics knowledge may
help explain why the use of after-school tutoring is not effective for those
who perform poorly in that subject area. Learning mathematics requires a
thorough understanding of a layer of knowledge in order to be able to
understand the next layer. Thus, those who fall behind in the beginning are
likely to be lost later on as the course proceeds. But science is relatively less
sequential and cumulative. Therefore, the practice of after-school tutoring
in science tends to be more effective, not only for those who perform above
average, but also for those who are below average.
The survey question about after-school tutoring participation appears in
the 1995, 1999, and 2003 TIMSS surveys. The 2007 TIMSS survey, however,
dropped the question. To further understand the use of after-school tutoring
and its consequences cross-nationally, future TIMSS surveys should not only
re-pose but also improve the question by making possible a distinction between fee-paying and fee-free tutoring, between high-peak and low-peak seasons in the use of tutoring, between in-school and out-of-school tutoring,
between one-to-one and one-to-many tutoring, between remedial and enrichment purposes, and between self-motivated students and those who attend tutorials because their parents ask them to. A finer classification in the
use of after-school tutoring will better serve the various purposes of research.
Given the cross-sectional nature of the TIMSS data and the small number
of countries analyzed, the present study is exploratory, and its findings are
only suggestive. The effects of after-school tutoring on student performance
are likely to differ across countries. To address fully this issue would require
data from several national longitudinal surveys designed for cross-national
comparisons. To inform policy, an in-depth investigation within each country
is necessary, using data from a well-designed longitudinal survey. At both the
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national and international levels, further research on the effects of afterschool tutoring is in order.
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