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1 Introduction 

A growing number of secondary schools are placing students into an ability-heterogeneous 

learning environment. The Programme for International Student Assessment (PISA) data show 

that secondary schools that mix students of different abilities in mathematics classes in the 

Organisation for Economic Co-operation and Development (OECD) countries increased from 33 

to 50 percent between 2003 and 2009.
1
 The evidence about the effects of ability grouping or 

tracking on student outcomes is mixed.
2
 Although recent experimental evidence by Duflo et al. 

(2011) shows that tracking increases the achievement of Kenyan first graders over the entire 

ability distribution, observational studies tend to show mixed effects of ability grouping and 

tracking on student outcomes in other countries and educational levels (e.g., Betts and Shkolnik 

2000a, Figlio and Page 2002, Hahn et al. 2008, Kim et al. 2008, and Rees et al. 2000). 

It is challenging to draw causal inferences about the relationship between tracking and 

academic achievement of students. Besides the empirical concerns of selection and endogeneity, 

students and parents may adjust their educational inputs outside of schools when the students are 

placed in an ability-heterogeneous learning environment.
3
 For example, students may undertake 

more private lessons and study longer hours at home to supplement the learning that occurs in 

school if learning becomes less effective in an ability-heterogeneous classroom. It is also 

possible that some students engage in less private tutoring and exert less effort at home when 

they feel less competitive pressures from their peers in an ability-heterogeneous learning 

environment. We may also expect secondary school students to be more responsive to changes in 

their learning environment than primary school students, as the stakes associated with 

                                                           
1
 Chile, Estonia, Israel, and Slovenia are excluded in the calculation because data are not available in 2003. A 

similar pattern also appears for other non-OECD countries. 
2
 I use ability grouping and tracking interchangeably and ability grouping is distinguished from ability mixing. 

3
 For example, countries and schools that implement ability-mixing classrooms may also simultaneously improve 

teacher quality and reduce class size, which benefit students. See Betts and Shkolnik (2000b) and Figlio and Page 

(2002) for the empirical challenges in identifying the effects of ability grouping on achievement. 
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examinations are generally higher and learning materials are more difficult at the secondary 

school level. These effects may be present whether the heterogeneity is introduced in a 

randomized, controlled manner or not. Thus, the effect of ability grouping on achievement may 

be muted or amplified; and ability grouping may also either reduce or increase time and money 

that students spend outside of schools. In fact, the Trend in International Mathematics and 

Science Study (TIMSS) indicates that eighth graders in countries with higher fractions of ability-

mixing schools have higher private tutoring participation rates (Figure 1A), higher average times 

spent on homework per day (Figure 1B), and lower average times spent on leisure per day 

(Figure 1C). Therefore, in weighing the relative benefits and costs of changing the ability mix of 

a school or classroom, it is important to consider the responses of students’ non-school inputs 

and time use. 

This paper uses the Korean Education and Employment Panel (KEEP) survey data to 

examine whether private tutoring, self-study hours, hours of sleep, participation in leisure 

activities, and anxiety levels of secondary school students vary when their learning environment 

switches from an ability-heterogeneous one to an ability-homogenous one. In South Korea 

(hereafter Korea), middle school students are randomized into different schools within school 

districts under what the country calls its ‘equalization policy’. As the students move from middle 

schools into high schools, however, only students living in high school equalization policy areas 

are subject to randomization within their school districts. In non-equalization policy areas, 

students sort into different schools based on their high school entrance examination performance. 

Thus, within-school student ability is more homogenous in a non-equalization policy area than in 

an equalization policy area, by design.  
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I compare how students living in non-equalization policy areas change their non-school 

inputs and anxiety levels compared to those living in equalization policy areas as they move 

from middle schools into high schools in difference-in-differences (DD) specifications. I find 

that high school students studying in an ability-sorting environment demand less private tutoring, 

spend less time studying at home, sleep more, enjoy more leisure, and feel less anxious about 

their grades. The effects on private tutoring are especially pronounced for high-achieving 

students, while the effects on self-study and leisure hours are strong for low-achieving students. 

This paper is closely related to past studies that examine the determinants of private tutoring 

and the effects of ability sorting on student outcomes in Korea. For example, Byun (2010) and 

Kim and Lee (2010) show mixed results about the effect of an equalization policy on private 

tutoring expenditures. Byun (2010) uses propensity score matching methods and finds that 

households in high-school equalization policy areas spend less on private tutoring for their 

middle school children than do comparable households living in non-equalization policy areas, 

while Kim and Lee (2010) show the opposite in a simple, cross-sectional analysis. Because my 

identification strategy exploits arguably exogenous changes in the ability mix of learning 

environments and includes a set of student fixed effects, I address the concerns of selection bias 

more effectively. On the other hand, Kim et al. (2008) use repeated cross-sectional data to 

estimate the effect of ability sorting on students’ achievement in a DD framework. They find that 

ability sorting improves student achievement above the conditional median (in quantile 

regressions). Hahn et al. (2008) show that placements of high school graduates into top-ranked 

universities worsened after adoption of the country’s equalization policy in some cities. Kang et 

al (2007), however, find that ability mixing (cf. ability grouping) has a positive effect on 

adulthood earnings for those in the lower end of the earning distribution and a negative effect on 
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adulthood earnings for those in the higher end of the earning distribution, leading to an average 

effect of zero. These studies, however, do not examine how students’ non-school inputs, time use, 

and anxiety about their grades respond to ability grouping.  

Although I do not examine the effects of ability grouping on achievement, the focus on non-

school inputs and time use potentially provides a way to reconcile the mixed findings regarding 

the effects of ability grouping or tracking on educational outcomes. Specifically, past studies 

show that the non-school inputs studied in this paper are correlates of student achievement. For 

example, Dang and Rogers (2008) and Ireson (2004) show that private tutoring is effective in 

raising student achievement and educational attainment levels, and Keith et al. (1986) and 

Cooper et al. (1999) show that engaging in more homework hours and less television viewing 

predict better achievement. As students in the upper end of the prior achievement distribution 

tend to reduce their reliance on private tutoring and self-study hours while those in the lower end 

of the distribution significantly alter their self-study and leisure time in an ability-sorting 

environment, how achievement of different types of students varies under ability grouping versus 

ability mixing depends on the effectiveness of the types of non-school inputs used. This 

argument is in line with Das et al.’s (2013) findings that households in India and Zambia adjust 

their educational spending in response to anticipated grants, leading to a situation in which there 

is no impact of grants on test scores. 

The approach and dependent variables used in this paper are policy relevant. Even though 

policymakers usually care more about the net impacts of a policy on educational outputs, 

evaluating the effects on students’ non-school inputs, leisure, and anxiety levels may help better 

evaluate the relative costs and benefits of policies that influence the ability mixes of schools and 

classrooms. Reliance on private tutoring and other non-school inputs to maintain and improve 
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academic outcomes increases the burden on students and households, not only financially, but 

also physically and psychologically. Ignoring the decline in sleep hours and leisure activities 

understates the potential cost of implementing an ability-mixing environment. These findings 

have implications for policy reforms that expand school choice and affect ability distributions 

within schools. Finally, the finding on the effect of ability sorting on students’ anxiety levels also 

extends the growing literature on the linkages between learning environments and students’ 

health and wellbeing (e.g., Ahn and Baek 2013, Bonnell et al. 2013, Fletcher et al. 2008, 

Gibbons and Silva 2011, and Wang 2013). 

 

2 Institutional background 

Korean youths consistently outperform their international peers in standardized tests. For 

example, 15-year-old Korean students ranked first in mathematics and second in reading 

compared to their OECD counterparts in the 2012 PISA (OECD 2013). Their outstanding 

achievement appears to be disproportionately funded by private expenditures. In 2009, Korea 

had the highest share of private expenditure on primary and secondary educational institutions 

(23.8%) among all OECD countries (OECD 2012). In particular, private tutoring is rampant and 

households spend significant portions of their total household expenditures on private tutoring 

for their children (Bray 1999). According to Kim and Lee (2010), total household expenditure on 

private tutoring amounts to roughly 80 percent of government expenditure on public education 

for primary and secondary school students. The academic life of Korean youths, especially 

during high school, is stressful; the high suicide rates of young Korean people are frequently 

attributed to the expectation that young people will do well in the country’s high-stakes college 

entrance examination (Ahn and Baek 2013). 
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Although private tutoring expenditures are fairly high and students’ academic lives are 

stressful in Korea, how Korean youths spend their time on various activities is similar to a 

spectrum of countries across the international standardized test score distribution. For example, 

the private tutoring participation rates of eighth graders in Korea and other countries, such as 

Armenia, Singapore, South Africa, and the Philippines, are similar (Figure 2A). The average 

hours spent on completing homework during a normal school day are fairly low in Korea relative 

to other OECD countries. Nonetheless, the figure is higher than those in Japan and Scotland, and 

lower than those in England and the Slovak Republic (Figure 2B). The average hours spent on 

leisure activities of Korean eighth graders are also similar to those in Japan, New Zealand, 

Bahrain, and South Africa (Figure 2C). Thus, the experiences of Korean youths are not unique. 

Predicated upon a belief that competitive secondary school entrance examinations, 

widespread private tutoring, and large differences in peer quality across schools are harmful to 

society, the Korean government first implemented the equalization policy in middle schools in 

Seoul and Pusan in 1969 and later expanded it to all middle schools in Korea.
4
 The policy was 

then introduced at the high school level in 1974 in Seoul and Pusan. By the mid-2000s, roughly 

70 percent of high school students resided in equalization policy areas. With the introduction of 

the equalization policy to an area, competitive entrance examinations into middle schools or high 

schools are abolished and students living in an equalization policy area are subject to a lottery-

based enrollment system. Under this lottery-based enrollment system, students are assigned 

randomly into public or private general academic schools within their school districts, and these 

schools may be single-sex or coeducational. In places where the equalization policy is not 

implemented, students take competitive high school entrance examinations and their high school 

                                                           
4
 Secondary schools in Korea are split into the middle school level and high school level, and each level spans three 

grades. See Hahn et al. (2014), Kang et al. (2007), Kim and Lee (2010), Kim et al. (2008), and Paik (2013) for 

details about the country’s equalization policy. 
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placements depend on their performance. Thus, students sort into different schools in non-

equalization policy areas. General academic high schools in equalization and non-equalization 

areas, whether the schools are privately owned or publicly owned, are heavily regulated by the 

government. For example, schools must follow the same national curricula and charge the same 

fees. Private schools do, however, enjoy greater flexibility in their personnel decisions and their 

principals and teachers face stronger incentives to deliver better student outcomes (Hahn et al. 

2014). 

Although general academic high schools in an equalization policy area are governed by the 

policy, the government permits a small number of special and independent (self-reliant) private 

high schools to operate within an equalization policy area but not be subject to the policy. These 

schools enjoy high levels of autonomy and have priorities in student selection over other schools, 

and roughly 5 percent of all high school students are enrolled in these schools. These special 

purpose and autonomous private high schools may also set their own curricula and charge higher 

fees. Furthermore, students may also choose to enter vocational high schools. Vocational schools 

account for enrollments of roughly 25 percent of all high school students. Overall, school choice 

is generally more limited and within-school ability distribution is relatively wider within an 

equalization policy area than within a non-equalization policy area. 

 

3 Data and methodology 

3.1 Data 

This paper uses the Korean Education and Employment Panel (KEEP) data in 2004 and 2007 

to study the effects of ability sorting on private tutoring, self-study time, hours of sleep, and 
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grade anxiety levels of high school students in Korea.
5
 KEEP aims to provide useful information 

about the educational experiences and transition into the labor market of Korean youths. In 

addition to surveying students, KEEP also surveys households and school administrators. The 

data contain a wide range of information about students’ family and demographic characteristics, 

education, career aspirations, employment, and so on. I focus on panel data of the 2004 middle 

school student sample, which followed a cohort of middle school students from their final grade 

(grade 9) in middle school into high school and beyond. 100 middle schools were selected to 

participate in KEEP in 2004. In each school, 20 students were sampled over a maximum of four 

classrooms. KEEP then followed these students once a year over the next four years. The full 

sample contains 1,979 individuals, but after excluding school dropouts, early graduates, and non-

respondents in the follow-up survey, the sample decreases to 1,542 individuals.
6
 

 

[Table 1] 

 

Table 1 presents summary statistics of the key variables by equalization policy and non-

equalization policy areas, pooling data from 2004 and 2007. I define whether a student resides in 

a high school equalization policy area according to the location of her middle school. Roughly 70 

percent of students live in high school equalization policy areas. I include private tutoring in 

Korean, mathematics, English, science, social studies, arts and sports, and vocational training, 

but not foreign languages, in the measures of private tutoring, because information about foreign 

language tutoring was not sought in the middle school survey. Outside-school lessons taken at 

                                                           
5
 The data are available for download at: http://eng.krivet.re.kr/eu/eg/prg_euFDALs.jsp 

6
 The original middle school student sample includes 1,999 individuals, but the school administrators of 20 students 

did not answer the survey. I drop these observations as it is not possible to identify their school’s location. The 

majority of excluded individuals in the follow-up survey are non-respondents. 

http://eng.krivet.re.kr/eu/eg/prg_euFDALs.jsp
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private institutions, on a one-to-one basis at home, in groups, and online, are treated as private 

tutoring. In terms of expenditure on private tutoring, I use average monthly expenditures on 

private tutoring for all children in the household in the past year, as many students did not 

provide information about the average amount they individually spent on private tutoring per 

month. For the two years of data (2004 and 2007), the prevalence of private tutoring, average 

weekly hours spent on private tutoring, and average monthly expenditures on private tutoring are 

higher in equalization policy areas than in non-equalization policy areas. Hours spent on self-

study are also higher in equalization policy areas than in non-equalization policy areas. On the 

other hand, hours of sleep and leisure time are lower in equalization policy areas. The average 

hours of sleep per week for the sampled students (over middle and high schools) are 46 hours (or 

6.6 hours per day) in equalization policy areas and 47 hours (or 6.7 hours per day) in non-

equalization policy areas. These students spend between 26.7 and 28.6 hours on leisure activities 

every week.
7
 I code students as having some leisure activities with their family members if they 

have been to a movie, play, musical, museum, art gallery, or a music concert, or have engaged in 

traveling, hiking, fishing, or exercising at least several times during the year.
8
 About 13 percent 

of students in equalization policy areas engaged in some leisure activities with their family 

members, while the figure is about 9.5 percent in non-equalization policy areas. Anxiety is coded 

as one if the student had a serious or very serious level of anxiety or worry about problems with 

grades in school; it is coded as zero otherwise. Approximately 44 to 47 percent of students 

reported as having experienced grade anxiety. No more than 2 percent of students relocated 

                                                           
7
 I recode the categorical leisure time variables in 2004 in the following way: 1 hour or less as 1 hour; 2-3 hours as 

2.5 hours; 3-4 hours as 3.5 hours; 4-5 hours as 4.5 hours; and more than 5 hours as 5.5 hours. Leisure time per week 

is the sum of leisure time on weekdays and leisure time on weekends. Students with more than 168 weekly hours 

spent on leisure, sleep, tutoring, and self-study time are coded as having missing leisure information. Results are not 

sensitive to including them as zeroes. 
8
 Students who had never taken part in such activities or students who did them once every few years are coded as 

zero. 
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between middle and high schools in both equalization and non-equalization policy areas. Finally, 

the within-school ability distribution, measured by the standard deviation of the percentile ranks 

of students’ performance in the middle school level, is smaller in non-equalization policy areas 

than in equalization policy areas. 

 

3.2  Identification strategy 

I estimate the effect of being in an ability-sorting environment in the following DD 

specification: 

            (                 )               (1) 

The dependent variable for private tutoring includes whether student i in school j has private 

tutoring or not, student i’s average weekly hours of private tutoring, and student i’s average 

household monthly expenditure on private tutoring in year t. I also use self-study hours, hours of 

sleep, and a grade anxiety indicator of student i in year t as the dependent variable. As KEEP is 

an individual-level panel data set, I include a set of student fixed effects    and a year fixed 

effect   . The inclusion of student fixed effects effectively controls for time-invariant 

unobserved factors and unobserved selection bias. The key explanatory variable, ability sorting, 

takes the value of one if student i's high school is in a non-equalization policy area, and zero 

otherwise. Since all middle schools are subject to the country’s equalization policy, while only 

some high schools are, ability sorting is essentially the interaction term of year and treatment. 

Note that I define whether a student lives in a high school equalization policy area using the 

student’s residential location during the middle school years, so the treatment status is 

predetermined. I assess the robustness of the estimates to students who moved to different cities 

by dropping those students who relocated in a robustness checks section. As some students 
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attended special purpose and vocational high schools that are not subject to the country’s 

equalization policy, I include a set of indicators for vocational and special purpose high schools 

to control for potential differences in non-school inputs and grade anxiety levels driven by 

differences in curricula. I also include other time-varying school-level characteristics as 

additional controls in robustness checks. The error term is     . 

I also estimate equation (1) by the achievement type and household income group of students 

to examine heterogeneous effects of ability sorting on non-school inputs and grade anxiety. In 

particular, I separate the academic types of students into two categories of students: students 

whose performance levels in their middle schools were ranked above the median and those 

whose performance levels were ranked at the median or below. Similarly, I separate the sample 

into two household income categories: students in households with average monthly incomes 

above the median and those in households with average monthly incomes at the median or below. 

 

3.3 Identification assumptions 

Before presenting the results, I examine whether the key identification assumptions of the 

DD specification (1) are met. 

 

[Table 2] 

 

First, the within-school ability distribution should be tighter in a non-equalization policy area 

than in an equalization policy area. Although there is not a large number of schools available in 

KEEP and many high schools have only one student sampled, I can still calculate the standard 

deviation of students’ past percentile ranks (in middle schools) for a limited number of high 
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schools. Note that this measure is likely a very noisy representation of the true within-school 

standard deviation of students’ prior achievement because each high school has very few 

students in the sample. If the ability distribution is tighter in non-equalization policy areas, then 

we would expect the average within-school standard deviation of students’ initial achievement to 

be smaller in non-equalization policy areas. Column 1 in Table 2 confirms that the within-school 

standard deviation of the initial achievement distribution is tighter by roughly 2 percentile ranks 

(measured in middle school percentile rank) in non-equalization areas than in equalization areas. 

As the standard deviation of the within-school standard deviation of initial achievement is about 

9.2 in equalization policy areas, this difference represents roughly 0.22 standard deviations. 

Second, the trends in non-school inputs during middle school years should be similar 

between students living in high-school equalization policy and non-equalization policy areas. 

Because only monthly private tutoring expenditures at the household level have more than one 

year of data available before high school, I cannot use other dependent variables to check the 

parallel trends assumption.
9
 I focus on using the average monthly household expenditures on 

private tutoring during the student’s second-last year (grade 8) and final year (grade 9) of middle 

school to examine the parallel trends assumption in a DD setting. Figure 3 graphically illustrates 

the parallel trends in private tutoring expenditures before high school by equalization policy and 

non-equalization policy areas. Column 2 in Table 2 shows that the pre-high-school trends in 

private tutoring expenditures are statistically similar between the non-equalization policy 

(treatment) and the equalization policy areas. 

 

[Figure 3] 

                                                           
9
 As the survey asks the student’s household head about the average monthly spending on private tutoring in the 

previous year, I obtain two years of data from the wave 1(2004) and wave 2 (2005) surveys. 
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Third, a significant proportion of students did not respond to the follow-up survey or had 

dropped out of school in 2007, so I needed to ensure that attrition rates are similar across the 

equalization policy and non-equalization policy areas. Column 3 in Table 2 indicates that there is 

no significant difference in the likelihood of students becoming non-respondents or school 

dropouts as a result of ability sorting. 

 

4 Results and discussion 

4.1 The average effects of ability sorting 

Table 3 reports the estimated effects of ability sorting on the likelihood of private tutoring 

participation, hours spent on private tutoring per week, average household expenditures on 

private tutoring per month, self-study hours per week, hours of sleep per day, leisure hours per 

week, the likelihood of engaging in leisure activities with family members, and the likelihood of 

experiencing anxiety about grades. The top panel presents estimates based on the Ordinary Least 

Squares (OLS) specifications, which exclude individual fixed effects but include time-invariant 

student characteristics, such as gender, whether the student’s father has any college education, 

whether the student has a mother with any college education, and household size as additional 

controls. The bottom panel presents estimates based on the preferred DD specifications. The 

OLS estimates are likely to suffer from unobserved selection bias as the regressions do not 

control for student fixed effects. I report them for completeness, so that it is possible to see the 

differences and the extent of the bias. 

Column 1 in the bottom panel of Table 3 indicates that, on average, students learning in an 

ability-sorting environment are 6.4 percentage points less likely to take any private tutoring 

lesson than those in an ability-mixing environment. This effect size is equivalent to roughly 11 
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percent of the average private tutoring rates (55 percent). Students learning in an ability-sorting 

environment spend 1.6 fewer hours on private tutoring per week than those in an ability-mixing 

environment (column 2). This difference represents about 21 percent of the average weekly 

hours spent on private tutoring (7.6 hours). Their households also spend 60,000 Korean Won 

(KRW) less than households living in equalization policy areas (column 3). The difference in 

average household expenditures on private tutoring is approximately 19 percent of the mean of 

average household expenditures on private tutoring (310,000 KRW). Column 4 in Table 3 shows 

that students in more ability-homogenous environments reduce their weekly hours spent on 

studying alone at home. The difference in self-study hours of students in an ability-sorting 

environment and those in an ability-mixing environment is 3.6 hours per week, which represents 

50 percent of the average weekly self-study hours of high school seniors (7.1 hours). Compared 

to the OLS estimates, the DD estimates suggest that without controlling for individual fixed 

effects, the negative effects of ability sorting on private tutoring would have been considerably 

over-estimated. 

 

[Table 3] 

 

As the time spent on self-study and private tutoring decreases for students in schools with 

tighter ability distributions, their time spent on sleeping and leisure increases. Column 5 in the 

bottom panel of Table 3 indicates that they sleep roughly 1.5 hours more per week (or 13 

minutes more per night) than students attending ability-heterogeneous schools. This difference 

equals roughly 3 percent of the average hours of sleep. The magnitude does not seem large, but it 

is statistically significant. Column 6 shows that students in more ability-homogenous 
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environments experience an increase of 3.5 hours in their weekly leisure time, which represents a 

13 percent increase in average leisure time. The likelihood of the students having participated in 

leisure activities with their family members increases by 7 percentage points (58 percent of the 

average). Interestingly, the increase in time spent on sleeping and leisure activities (1.5 + 3.5 

hours) almost offsets the decrease in time spent on private tutoring and self-study (1.6 + 3.6 

hours). The results mean that with ability sorting in schools, students substitute studying time 

outside of school for more leisure and sleep at a rate of one to one. The DD results indicate that 

OLS specifications underestimate the effects of ability sorting on sleep hours, leisure hours, and 

the likelihood of engaging in leisure activities with family members. 

In addition to significantly lower levels of non-school inputs and higher amounts of sleep and 

leisure time, students in ability-homogenous schools experience improved mental wellbeing. On 

average, the DD estimates in the bottom panel of column 8 show that ability sorting decreases 

the likelihood of students feeling anxious or worried about their grades by 10 percentage points. 

This difference is roughly 22 percent of the average rate of grade anxiety and about four times 

larger than the OLS estimate in the top panel of column 8. 

There are two possible interpretations of the results. First, it is possible that as the within-

school ability distribution shrinks, students feel that their performance is more similar to that of 

their classmates and need lower levels of non-school inputs to keep up with their peers. Second, 

it is possible that as the ability distribution condenses, teachers can more effectively tailor the 

delivery of instruction and type of educational materials to students, and help students learn more 

effectively. The first interpretation assumes that students do not care much about their relative 

rankings in school. If a student cares about her relative ranking, then she can more easily 

improve her relative ranking in a homogenous environment through the help of private tutors and 
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spending a greater amount of time on homework than she can do in a heterogeneous 

environment.
10

 The second interpretation seems more plausible. As the DD specifications 

include individual-fixed effects, we are identifying the effects through within-individual 

variation over time. As learning improves after the student switches to a homogenous 

environment, the student reduces her reliance on non-school inputs to supplement her learning. 

 

4.2 Heterogeneity 

Previous studies show that the current achievement levels of students with different prior 

achievement levels may vary differentially with the composition of their peers, so it is possible 

that non-school inputs, sleep, leisure activities, and grade anxiety may also respond differentially 

to ability sorting depending on the prior achievement levels of students. Table 4 reports 

separately the heterogeneity effects of ability sorting for students having achievement ranks in 

middle school above the median (top panel) and for students with prior achievement ranks at the 

median or below (bottom panel). 

 

[Table 4] 

 

Columns 1 to 3 in the top panel of Table 4 indicate that the effects of ability sorting on 

private tutoring fall primarily on students with good prior levels of achievement. The effect sizes 

for these high-achieving students are roughly two to three times the average effect sizes shown in 

Table 3. In contrast, columns 1 to 3 in the bottom panel of Table 4 show that the effects of ability 

sorting on private tutoring of low-achieving students are statistically zero. Thus, high achievers 

are more likely to undertake private tutoring when they are placed in an ability-heterogeneous 

                                                           
10

 I thank a referee for suggesting this point. 
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environment, while low achievers’ demand for private tutoring is not sensitive to the ability mix 

of their schools and classrooms. 

Columns 4, 5, 7, and 8 in Table 4 show that the effects of ability sorting on self-study time, 

hours of sleep, participation in leisure activities, and grade anxiety are more or less similar 

between students with good prior achievement levels (top panel) and students with poor prior 

achievement levels (bottom panel). On the other hand, the effect of ability sorting on leisure time 

is considerably larger for low achievers than for high achievers. In relative terms, most of these 

effects are stronger for low achievers. Self-study time decreases by 84 percent, leisure time 

increases by 15 percent, and participation rates in leisure activities increases by 70 percent for 

low achievers, but only by 38 percent, 10 percent, and 50 percent for high achievers, respectively. 

Thus, with a tighter within-school ability distribution, high achievers cut back considerably on 

private tutoring, while low achievers primarily decrease self-study hours. In a more homogenous 

environment, both high achievers and low achievers decrease their self-study hours and increase 

their leisure time, but the responses are proportionately larger for low achievers. 

Since high achievers tend to come from more affluent families, they may rely on more costly 

forms of non-school inputs to supplement their learning. Low achievers, on the other hand, tend 

to come from less affluent families and may depend more on self-study hours to review class 

materials. We may observe similar heterogeneous effects by income group. 

Table 5 reports the heterogeneous effects by income group. I separate the sample into those 

students from households with average monthly household incomes (in 2003) above the median 

(top panel) and those from households with average monthly household incomes at the median or 

below (bottom panel). The results are roughly consistent with those in Table 4, except that the 

effects on leisure hours and grade anxiety are statistically significant for the high-income group, 
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and the effect on hours of sleep is significant for the low-income group. Specifically, students 

from the high-income group reduce their demand for private tutoring, self-study time, and grade 

anxiety, while students from the low-income group tend to cut back on self-study hours and 

increase sleep and leisure when placed in a relatively more ability-homogenous learning 

environment. The responses of low-income students in terms of their sleep and leisure hours are 

especially strong when the ability mix of their learning environment changes. 

 

[Table 5] 

 

Overall, it appears that low achievers and students from relatively less affluent households 

substitute towards low-cost, non-school inputs, while high achievers and students in richer 

households rely on both private tutoring and self-study when the learning environment is ability 

heterogeneous. If the effectiveness of these non-school inputs differs, then we will expect the 

effect of ability grouping on achievement to vary by the achievement type of students through 

the indirect channels of these non-school inputs. Thus, how students vary their non-school inputs 

potentially undo or amplify the effect of ability grouping on achievement. 

 

4.3 Potential confounds and robustness 

The results reported so far exclude many time-varying, school-level variables. If differences 

in school resources and quality across equalization policy and non-equalization policy areas also 

influence students’ non-school inputs and anxiety levels, then the estimated effects presented 

above may capture the effects of school resources and quality in addition to ability sorting. 
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[Table 6] 

 

I include a set of school-level dummy variables indicating whether the quality of school 

buildings, educational facilities, the surrounding environment of the school, study environment, 

school director’s leadership, and teachers are good to assess if these potential confounds may 

contaminate the main results.
11

 As these indicators are quite subjective, I also add more objective 

measures, such as student-teacher ratios and school-type indicators. In particular, I include 

indicators of whether the school is single-sex or not and whether the school is privately owned or 

not, as Park et al. (2013) and Hahn et al. (2014) show that school types matter for student 

outcomes. The top panel of Table 6 illustrates that the inclusion of these school-level explanatory 

variables do not substantially alter the main findings. 

A small fraction (less than 2 percent) of students in both equalization policy and non-

equalization policy areas moved between their middle school and high school years. I further 

assess whether the main results are sensitive to the exclusion of these students. The results are 

presented in the bottom panel of Table 6. Overall, they are similar to the DD estimates in Table 3. 

Thus, the results are not sensitive to differences in school and teacher quality, school resources, 

school types, and students’ mobility. 

 

4.4 Alternative interpretation? 

The DD estimates are also consistent with the interpretation that non-school inputs, time use, 

and grade anxiety of students in non-equalization policy areas temporarily respond to the need to 

take high school entrance examinations.
12

 By design, middle schools students in non-

                                                           
11

 Based on whether the vice-principal or chief of staff affairs reported the item as good or very good. 
12

 I thank a referee for pointing out this alternative interpretation. 
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equalization policy areas take high school entrance exams and sort into different high schools, 

while middle school students in high school equalization policy areas do not. It is plausible that 

students in non-equalization policy areas spend significantly more on private tutoring, increase 

other non-school inputs, and decrease sleep and leisure hours during their middle school years in 

order to do well in the high school entrance examinations and sort into better-quality high 

schools. Once entering high schools, they reverse the trends in these non-school inputs, time use, 

and grade anxiety, making students in high school equalization policy areas appear to increase 

non-school inputs, self-study hours, and grade anxiety between middle school and high school. 

 The data do not fully support this alternative interpretation that students inter-temporarily 

substitute non-school inputs. If this alternative interpretation is correct, we should also see higher 

levels and growth of private tutoring expenditures during the middle school years for students 

living in non-equalization policy areas. Figure 3 shows that the levels of private tutoring 

expenditures are lower and the growth of private tutoring expenditures is statistically similar 

during the middle school years for students in non-equalization policy areas. Thus, the results are 

not fully consistent with this alternative interpretation. 

 

5 Conclusions 

Using individual-level panel data from Korea, this paper shows that students studying in 

more ability-homogenous schools experience lower levels of non-school inputs and grade 

anxiety on average. Specifically, students attending schools in ability-sorting areas are less likely 

to participate in private tutoring lessons, take fewer hours of private tutoring, spend less on 

private tutoring, spend less time on self-study, sleep more, and have more leisure hours. They 

also feel less anxious about their grades in school. Students who perform well in middle schools 
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or who come from relatively more affluent households decrease their private tutoring and self-

study hours and increase their leisure participation when their learning environment becomes 

more ability homogenous. As the ability distribution within school changes, students at the lower 

end of the prior achievement distribution respond relatively strongly in their self-study and 

leisure time, while low-income students respond relatively strongly in their sleep and leisure 

hours. Finally, grade anxiety of students with relatively higher levels of prior achievement and 

who come from more affluent families are also more responsive to changes in the ability mixes 

of their learning environment. 

The results potentially provide a basis for reconciling some of the contradictory findings in 

the ability grouping or tracking literature. For example, Duflo et al. (2011) find, in a field 

experiment, that tracking raises the effectiveness of teaching, which in turns improves the 

learning of all first graders in the classrooms. In contrast, early findings by Betts and Shkolnik 

(2000a), for example, show that ability grouping does not have an overall effect on secondary 

school students’ achievement in the U.S., while low-achieving students are hurt by ability 

grouping and high achieving students gain by ability grouping. Let us suppose that tracking 

allows students to learn more effectively in school at all educational levels and settings, but 

students’ non-school inputs did not respond in the experiment in Duflo et al (2012) because 

parents and students do not care much about the test-score achievement in the first grade. On the 

other hand, if secondary school students in the U.S. scale back their non-school inputs when they 

learn more effectively in ability-homogenous classrooms, it is possible for the net overall effect 

of ability grouping on achievement to become negligible. Similarly, as low-achieving students 

significantly reduce their self-study time and increase their leisure time in ability-homogenous 

classrooms, how they use their time after school may undermine what they learn in school and 
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lead to poorer achievement than similar students in ability-heterogeneous classrooms. Thus, the 

net effects of tracking on achievement depend on how students at different points of the ability 

distribution respond in terms of the levels and types of non-school inputs used as well as the 

effects of these non-school inputs on achievement. 

The findings highlight the importance of considering the role of non-school inputs when 

evaluating the impact of tracking or other policy measures that alter the ability distribution 

within classrooms and schools. The findings also indicate that policies that influence the ability 

distribution of a learning environment may have implications for the financial situations of 

households and students’ subjective wellbeing beyond conventional outcome measures. In 

addition to examining educational outcomes, policymakers should also assess what students do 

after school and how they cope mentally with the changes in the ability mix of their learning 

environment. Without more information on how students spend their time outside of school and 

the after-school activities in which they engage, it is not possible to develop a more complete 

evaluation of the impacts of tracking or school choice. Therefore, it is imperative for future 

research to examine students’ non-school inputs and time use. 

  



23 

 

References 

 

Ahn, Sun-Young, and Baek, Hye-Jeong (2013), Academic achievement-oriented society and its 

relationship to the psychological well-being of Korean adolescents. In Chin-Chun Yi (Ed.), The 

Psychological Well-being of East Asian Youth, Quality of Life in Asia (pp. 265-279). 

 

Betts, Julian, and Shkolnik, Jamie L. (2000a), “The effects of ability grouping on student math 

achievement and resource allocation in secondary schools,” Economics of Education Review, 

19(1), 1-15. 

 

Betts, Julian, and Shkolnik, Jamie L. (2000b), “Key difficulties in identifying the effects of 

ability grouping on student achievement,” Economics of Education Review, 19(1), 21-26. 

 

Bonnell, C. P., Fletcher, A., Jamal, F., Wells, H., Harden, A., Murphy, S., Thomas, J. (2013), 

“Theories of how the school environment impacts on student health: Systematic review and 

synthesis,” Health & Place, 24, 242-249. 

 

Bray, Mark (1999), The Shadow Education System: Private Tutoring and Its Implications for 

Planners. Paris: International Institute for Educational Planning. 

 

Byun, Soo-yong (2010), “Does policy matter in shadow education spending? Revisiting the 

effects of the high school equalization policy in South Korea,” Asia Pacific Education Review, 

11, 83-96. 

 

Cooper, Harris, Valentine, Jeffrey C., Nye, Barbara, and Lindsay, James J. (1999), 

“Relationships between five after-school activities and academic achievement,” Journal of 

Educational Psychology, 91(2), 369-378. 

 

Dang, Hai-Anh, and Rogers, F. Halsey (2008), “The growing phenomenon of private tutoring: 

Does it deepen human capital, wide inequalities, or waste resources?” World Bank Research 

Observer, 23(2), 161-200. 

 

Das, Jishnu, Dercon, Stefan, Habyarimana, James, Krishnan, Pramila, Muralidharan, Karthik, 

and Sundaraman, Venkatsh (2013), “School inputs, household substitution, and test scores,” 

American Economic Journal: Applied Economics, 5(2), 29-57. 

 

Duflo, Esther, Dupas, Pascaline, Kremer, Michael (2011), “Peer effects, teacher incentives, and 

the impact of tracking: Evidence from a randomized evaluation in Kenya,” American Economic 

Review, 101(5), 1739-1774. 

 



24 

 

Figlio, David N., Page, Marianne E. (2002), “School choice and the distributional effects of 

ability tracking: Does separation increase inequality?” Journal of Urban Economics, 51(3), 497-

514. 

 

Fletcher, Adam, Bonnell, Chris, Hargreaves, James (2008), “School effects on young people’s 

drug use: A systematic review of intervention and observational studies,” Journal of Adolescent 

Health, 42, 209-220. 

 

Gibbons, Stephen, and Silva, Olmo (2011), “School quality, child wellbeing and parents’ 

satisfaction,” Economics of Education Review, 30, 312-331. 

 

Hahn, Sunku, Sung, Taeyoon, and Baek, Jisun (2008), “Mixing versus sorting: Entering top 

universities,” Economics Letters, 100, 43-46. 

 

Hahn, Youjin, Wang, Liang Choon, and Yang, Hee-Seung (2014), “Does greater school 

autonomy make a difference? Evidence from a randomized natural experiment in South Korea,” 

SSRN: http://ssrn.com/abstract=2352765. 

 

Ireson, Judith (2004), “Private tutoring: how prevalent and effective is it?” London Review of 

Education, 2(2), 109-122. 

 

Kang, Changhui, Park, Cheolsung, and Lee, Myoung-Jae (2007), “Effects of ability mixing in 

high school on adulthood earnings: quasi-experimental evidence from South Korea,” Journal of 

Population Economics, 20(2), 269-297. 

 

Keith, Timothy Z., Reimers, Thomas M., Fehrmann, Paul G., Pottebaum, Sheila M., and Aubey, 

Linda W. (1986) “Parental involvement, homework, and TV time: Direct and indirect effects on 

high school achievement.” Journal of Educational Psychology, 78(5), 373-380. 

 

Kim, Sunwoong, Lee, Ju-Ho (2010), “Private tutoring and demand for education in South Korea,” 

Economic Development and Cultural Change, 58(2), 259-296. 

 

Kim, Taejong, Lee, Ju-Ho, and Lee, Young (2008), “Mixing versus sorting in schooling: 

Evidence from the equalization policy in South Korea,” Economics of Education Review, 27, 

697-711. 

 

OECD (2012), Education at a Glance 2012: OECD Indicators, OECD Publishing. 

 

OECD (2013), PISA 2012 Results: What Students Know and Can Do (Volume I): Student 

Performance in Mathematics, Reading and Science, PISA, OECD Publishing. 

 



25 

 

Paik, Sung Joon (2013), 2012 Modularization of Korea’s Development Experience: Role of 

Private Schools in Korea’s Educational Development, KDI School of Public Policy and 

Management, Korea. 

 

Park, Hyunjoon, Behrman, Jere R., and Choi, Jaesung (2013), “Causal Effects of Single-Sex 

Schools on College Attendance: Random Assignment in Korean High Schools.” Demography, 

50(2), 447-469. 

 

Rees, D. I., Brewer, D. J., and Argys, L. M. (2000), “How should we measure the effect of 

ability grouping on student performance?” Economics of Education Review,19(1), 17-20.  

 

Wang, Liang Choon (2013), “The effect of high-stakes testing on suicidal ideation of teenagers 

with reference-dependent preferences,” SSRN: http://ssrn.com/abstract=2189268. 

  



26 

 

Table 1 

Summary statistics of key variables by equalization and non-equalization policy areas 

 

Equalization policy  

area 

Non-equalization policy 

area 

Obs. 1898 1186 

Weighted share of sample 0.686 0.314 

 
Weighted mean SD. Weighted mean SD. 

Private tutoring 0.609 0.486 0.424 0.496 

Private tutoring hours (per week) 8.462 10.249 5.861 9.432 

Expenses on private tutoring (per month) 36.871 52.496 18.103 28.753 

Self-study hours (per week) 7.828 11.852 5.580 9.355 

Sleep hours (per week) 46.022 9.540 47.085 9.407 

Leisure hours (per week) 26.686 13.435 28.566 13.675 

Leisure with family 0.131 0.344 0.095 0.300 

Grade anxiety 0.440 0.495 0.465 0.498 

Percentile rank in middle school is above the median 0.516 0.499 0.498 0.500 

Ave. monthly household income is above the median 0.548 0.498 0.458 0.492 

Special purpose high school 0.014 0.112 0.006 0.087 

Vocational high school 0.250 0.429 0.309 0.454 

Relocated between middle and high schools 0.014 0.082 0.019 0.470 

Within-high-school std. dev. of past percentile rank 21.925 9.167 19.939 8.639 

Notes: The data are drawn from the middle school sample of the Korean Education and Employment Panel (KEEP) 

in 2004 and 2007. Dropouts, early graduates, and non-respondents in 2007 are excluded. 
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Table 2 

Testing identifying assumptions of the difference-in-differences (DD) estimator 

 (1) (2) (3) 

 SD (past rank) Monthly tutoring 

expenses  

Attrition 

Non-equalization policy area -1.985   

 (0.706)***   

Year x non-equalization policy area  -2.210 -0.026 

  (2.075) (0.021) 

Year fixed effect No -9.902 0.181 

  (1.514)*** (0.012)*** 

Observations 1216 2958 3958 

R-squared 0.010 0.077 0.173 

Notes: Column 1 has a smaller sample size because only one (high-school) year of data is used and it is not possible 

to compute the standard deviation of students’ initial achievement for schools with only one student sampled or 

students without school ID available. Among the 341 high schools in equalization policy areas and 153 high schools 

in non-equalization policy areas, 157 of the former and 73 of the latter are included in the sample in column 1. The 

non-equalization policy area variable takes the value of one if a student resides in an area that is not subject to 

Korea’s high school equalization policy. In column 2, two years of data during middle school years are used and the 

interaction term year x non-equalization policy area tests the parallel trends assumption. Column 3 has a larger 

sample size because non-respondents in 2007 are included. Sampling weights are used. Robust standard errors 

clustered by student are reported in parentheses. *** p<0.01 ** p<0.05 * p<0.1 
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Table 3 

The average effects of ability sorting 

 (1) (2) (3) (4) (5) (6) (7) (8) 

 Likelihood 

of tutoring 

Tutoring 

hours 

Expenses on 

tutoring 

Self-study 

hours 

Sleep hours  Leisure 

hours 

Leisure with 

family 

Grade 

anxiety 

OLS estimates         

Ability sorting -0.166 -2.644 -15.280 -3.066 1.337 2.573 0.016 -0.020 

 (0.030)*** (0.414)*** (2.886)*** (0.786)*** (0.583)** (0.953)*** (0.009)* (0.034) 

Year fixed effect -0.156 -4.990 2.466 13.614 -10.882 -4.655 -0.216 0.117 

 (0.024)*** (0.472)*** (2.677) (0.662)*** (0.361)*** (0.579)*** (0.013)*** (0.026)*** 

Student fixed effects No No No No No No No No 

Observations 3048 3048 2961 3045 3044 3041 3045 3048 

R-squared 0.207 0.155 0.184 0.314 0.286 0.193 0.122 0.026 

DD-estimates         

Ability sorting -0.064 -1.558 -5.964 -3.587 1.452 3.519 0.072 -0.097 

 (0.039)* (0.842)* (2.857)** (0.721)*** (0.674)** (0.973)*** (0.025)*** (0.043)** 

Year fixed effect -0.232 -6.324 -3.207 13.948 -10.484 -4.627 -0.252 0.163 

 (0.023)*** (0.499)*** (2.722) (0.572)*** (0.373)*** (0.591)*** (0.018)*** (0.027)*** 

Student fixed effects Yes Yes Yes Yes Yes Yes Yes Yes 

Observations 3084 3084 2888 3078 3076 3070 3078 3084 

R-squared 0.206 0.218 0.029 0.441 0.414 0.163 0.208 0.059 

Mean of dependent variable 0.551 7.645 30.862 7.121 46.356 27.278 0.120 0.448 

Notes: All specifications include controls for vocational and special purpose high schools. The OLS specifications include time-invariant student characteristics, 

such as gender, whether the student’s father has any college education, whether the student’s mother has any college education, and household size. Sampling 

weights are used in all specifications. Robust standard errors clustered by student are reported in parentheses. *** p<0.01 ** p<0.05 * p<0.1 
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Table 4 

The heterogeneous effects of ability sorting by achievement type – DD estimates 

 (1) (2) (3) (4) (5) (6) (7) (8) 

 Likelihood 

of tutoring 

Tutoring 

hours 

Expenses on 

tutoring 

Self-study 

hours 

Sleep hours  Leisure 

hours 

Leisure with 

family 

Grade 

anxiety 

High-achievement type         

Ability sorting -0.153 -3.100 -16.043 -3.675 1.484 2.425 0.071 -0.104 

 (0.052)*** (1.320)** (5.068)*** (1.295)*** (0.902) (1.345)* (0.040)* (0.064) 

Year fixed effect -0.178 -6.623 2.242 16.362 -11.097 -6.378 -0.266 0.234 

 (0.031)*** (0.698)*** (4.326) (0.841)*** (0.467)*** (0.744)*** (0.025)*** (0.035)*** 

Student fixed effects Yes Yes Yes Yes Yes Yes Yes Yes 

Observations 1408 1408 1290 1404 1404 1400 1408 1408 

R-squared 0.150 0.247 0.023 0.499 0.551 0.141 0.233 0.082 

Mean of dependent variable 0.671 9.446 41.821 9.824 44.734 24.007 0.139 0.438 

         

Low-achievement type         

Ability sorting 0.035 -0.450 4.624 -3.784 1.592 4.669 0.069 -0.083 

 (0.063) (1.167) (3.321) (0.706)*** (1.085) (1.511)*** (0.036)* (0.062) 

Year fixed effect -0.305 -5.007 -11.432 10.304 -9.588 -1.892 -0.230 0.037 

 (0.040)*** (0.842)*** (3.361)*** (0.825)*** (0.670)*** (1.102)* (0.029)*** (0.048) 

Student fixed effects Yes Yes Yes Yes Yes Yes Yes Yes 

Observations 1314 1314 1264 1312 1310 1312 1310 1314 

R-squared 0.274 0.184 0.088 0.369 0.276 0.217 0.177 0.071 

Mean of dependent variable 0.431 5.856 20.344 4.545 47.849 30.577 0.098 0.469 

Notes: All specifications include controls for vocational and special purpose high schools. High-achievement type refers to students with percentile ranks in the 

middle school above the median and low-achievement type refers to the remaining students. Sampling weights are used in all specifications. Robust standard 

errors clustered by student are reported in parentheses. *** p<0.01 ** p<0.05 * p<0.1 
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Table 5 

The heterogeneous effects of ability sorting by income group – DD estimates 

 (1) (2) (3) (4) (5) (6) (7) (8) 

 Likelihood 

of tutoring 

Tutoring 

hours 

Expenses on 

tutoring 

Self-study 

hours 

Sleep hours  Leisure 

hours 

Leisure with 

family 

Grade 

anxiety 

High-income group         

Ability sorting -0.112 -2.673 -11.201 -5.058 -0.067 2.373 0.069 -0.128 

 (0.060)* (1.379)* (5.303)** (1.125)*** (0.976) (1.473) (0.042)* (0.066)* 

Year fixed effect -0.193 -5.711 -0.494 15.810 -10.152 -4.362 -0.305 0.161 

 (0.029)*** (0.674)*** (4.313) (0.779)*** (0.482)*** (0.752)*** (0.025)*** (0.035)*** 

Student fixed effects Yes Yes Yes Yes Yes Yes Yes Yes 

Observations 1502 1502 1382 1502 1498 1496 1500 1502 

R-squared 0.181 0.192 0.026 0.481 0.467 0.162 0.264 0.050 

Mean of dependent variable 0.671 9.636 47.472 8.815 45.348 25.408 0.159 0.442 

         

Low-income group         

Ability sorting -0.023 -0.537 -0.938 -1.657 2.979 4.463 0.053 -0.085 

 (0.051) (1.029) (2.284) (0.910)* (0.931)*** (1.302)*** (0.029)* (0.056) 

Year fixed effect -0.277 -7.088 -6.804 11.145 -11.017 -5.000 -0.170 0.183 

 (0.037)*** (0.743)*** (2.388)*** (0.805)*** (0.589)*** (0.968)*** (0.023)*** (0.042)*** 

Student fixed effects Yes Yes Yes Yes Yes Yes Yes Yes 

Observations 1546 1546 1494 1540 1542 1538 1542 1546 

R-squared 0.228 0.252 0.078 0.385 0.365 0.169 0.134 0.072 

Mean of dependent variable 0.426 5.559 13.908 5.355 47.392 29.110 0.077 0.456 

Notes: All specifications include controls for vocational and special purpose high schools. The high-income group refers to students with past average monthly 

household incomes above the median and the low-income group refers to the remaining students. Sampling weights are used in all specifications. Robust 

standard errors clustered by student are reported in parentheses. *** p<0.01 ** p<0.05 * p<0.1 
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Table 6 

Robustness checks 

 (1) (2) (3) (4) (5) (6) (7) (8) 

 Likelihood 

of tutoring 

Tutoring 

hours 

Expenses on 

tutoring 

Self-study 

hours 

Sleep hours  Leisure 

hours 

Leisure with 

family 

Grade 

anxiety 

Adding school-level controls         

Ability sorting -0.082 -1.808 -6.815 -3.603 1.393 2.826 0.045 -0.091 

 (0.041)** (0.911)** (3.124)** (0.763)*** (0.677)** (1.078)*** (0.027)* (0.046)** 

Year fixed effect -0.194 -5.423 -0.891 13.852 -10.161 -4.095 -0.204 0.174 

 (0.034)*** (0.780)*** (3.766) (0.791)*** (0.626)*** (0.981)*** (0.025)*** (0.042)*** 

Student fixed effects Yes Yes Yes Yes Yes Yes Yes Yes 

Observations 3074 3074 2878 3068 3066 3060 3068 3074 

R-squared 0.218 0.230 0.039 0.445 0.418 0.173 0.220 0.064 

         

Dropping relocated students         

Ability sorting -0.069 -1.710 -5.708 -3.692 1.755 3.472 0.076 -0.097 

 (0.039)* (0.859)** (2.891)** (0.731)*** (0.683)** (0.987)*** (0.026)*** (0.044)** 

Year fixed effect -0.230 -6.272 -3.159 13.984 -10.592 -4.658 -0.254 0.166 

 (0.023)*** (0.504)*** (2.749) (0.578)*** (0.373)*** (0.597)*** (0.018)*** (0.027)*** 

Student fixed effects Yes Yes Yes Yes Yes Yes Yes Yes 

Observations 2998 2998 2816 2992 2990 2984 2992 2998 

R-squared 0.203 0.217 0.023 0.440 0.420 0.161 0.209 0.058 

Mean of dependent variable 0.547 7.601 29.981 7.053 46.410 27.291 0.119 0.449 

Notes: All specifications include controls for vocational and special purpose high schools. The specification in the top panel also includes a set of controls, such 

as dummy indicators of whether the quality of school buildings, educational facilities, surrounding environment of the school, study environment, school 

director’s leadership, and teachers are good. Specifications in the bottom panel also include an indicator of whether the student relocated to an area that has a 

different equalization policy area status. Sampling weights are used in all specifications. Robust standard errors clustered by student are reported in parentheses. 

*** p<0.01 ** p<0.05 * p<0.1 
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Figure 1 

Cross-country scatter plots of non-school inputs and time use against prevalence rates of ability-

mixing schools 

 
Notes: I compute the correlations using data sourced from the Trend in International Mathematics and Science Study 

(TIMSS) 2003. The sample includes 47 nations and territories. Ability-mixing schools are those that use the same 

curriculum and the level of difficulty for all students in both mathematics and science classes. The y-axis of Figure 

1A is the fraction of students who claimed to have taken at least some extra mathematics or science lessons outside 

of school. The y-axis of Figure 1B is average hours spent on homework during a normal school day. The y-axis of 

Figure 3B is the average hours spent on leisure during a normal school day (time spent on leisure includes time 

spent on watching TV, playing computer games, playing or chatting with friends, playing sports, reading for 

enjoyment, and using the internet; leisure hours are top coded at 16). 

  



33 

 

Figure 2 

Cross-country comparisons of prevalence of private tutoring, average homework hours, and 

average leisure hours against average standardized test performance

 
Notes: The data source is the same as for Figure 1. Average scaled scores are the average of mathematics and 

science scaled scores in TIMSS 2003. The y-axis of Figure 2A is the fraction of students who claimed to have taken 

at least some extra mathematics or science lessons outside of school. The y-axis of Figure 2B is the average hours 

spent on homework during a normal school day. The y-axis of Figure 2C is the average hours spent on leisure during 

a normal school day (time spent on leisure includes time spent on watching TV, playing computer games, playing or 

chatting with friends, playing sports, reading for enjoyment, and using the internet; leisure hours are top coded at 16).  
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Figure 3 

Trends in average household monthly expenditure on private tutoring between equalization 

policy and non-equalization policy areas prior to high school 

 
Notes: Column 2 in Table 2 shows that the two trends are statistically parallel between grade 8 and grade 9. 


