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Abstract:

Students from most East Asian countries repeatedly take top places in international
comparative studies of cognitive achievement in math, science, and reading literacy. The
causes of East Asia’s extraordinary educational performance record are largely unknown. We
show how family background, schooling resources, and institutional features matter for
student performance and how the impact of these variables differs across East Asian
schooling systems. Our main results are: (1)family background is a much stronger predictor of
children’s educational performance in South Korea than in the other countries considered,
(2)there is no evidence for a consistent positive effect of smaller classes on student
performance in East Asian countries, (3)school autonomy in the salary decisions appears to
strengthen student performance in Japan and Singapore. By identifying key factors that may
be responsible for the success of East Asian students in international comparisons of cognitive
achievement, our results may offer insights for educational reform in other countries.

*Non-technical summary paper of the ICSEAD research project on “Education Production
Functions for East Asian Countries: Assessing the Impact of Schooling Resources and Family
Background on Student Performance”.



1. Introduction

Most of the high-performing East Asian economies have achieved universal enrollment of
children in primary and secondary education, and the East Asian countries actually seem to do
very well with regard to the quality of schooling. Their students repeatedly take top places in
international comparative studies of cognitive achievement in math, science, and reading
literacy. Understanding how East Asian countries have achieved a high level of average
student performance appears to be crucial, not only for the East Asian countries themselves,
for devising policies that respond to the challenges of a future skill-based economy by
providing a high-quality education for as many children as possible.

That is, understanding the sources of a high-quality education should prove to be a top
priority for research. However, the causes of East Asia’s extraordinary educational
performance record are largely unknown. We focus on five countries, namely Hong Kong,
Japan, Singapore, South Korea, and Thailand, to single out the potential effects on student
performance of family background, schooling resources, and institutional features of the
schooling system. Our empirical evidence is based on student-level micro data from the Third
International Mathematics and Science Study (TIMSS), which combines information on the
performance of students with abundant background information on the family of students and
on the specific schools attended. The details of our data base are outlined in an extended paper
(Woessmann 2003b ) together with a more detailed discussion of methodological aspects and
empirical results.!

Specifically, our empirical results provide answers to three important questions. First, they
reveal which countries do best in supporting the performance of students with a weak social
background. Second, they show which role schooling resources such as class size play in the
cognitive achievement of East Asian students. Third, they clarify the impact of systemic
features such as school autonomy and parental involvement on student performance, thereby
shedding light on other policy options besides resource policies in our sample countries.

It should be noted that our results mainly provide answers to questions related to within-
country variations in student performance. Our results demonstrate the importance of different
sets of influence factors for the performance variation within each country, and they allow for
a comparison of the size of these effects across countries. By contrast, for questions relating to
the most important determinants of the cross-country variation in test scores, the most
promising way is to use the entire international dataset in order to link cross-country
performance differences to cross-country differences in potential determinants. Such cross-
country analyses have been performed elsewhere, both at the country level (e.g., Lee and
Barro 2001) and at the student level (Woessmann 2003a). Yet to understand better how the
East Asian countries achieve their high educational standards and in order to learn from the
East Asian education systems, one has to look at the relative effects of various social,
economic, and institutional determinants of student performance within these countries.

1 For details of the underlying TIMSS data base, see Beaton et al. (1996a, 1996b).

1



I1. Family Background as a Determinant of Student Performance

By comparing country-specific estimates of the effect of family background on student
performance, we can assess whether all East Asian schooling systems in our sample provide
equal educational opportunities for children from different family backgrounds. We estimate
education production functions for each country of the following form:

(1) Tics = Bicsal + Eics >

where T is the test score of student i in class ¢ in school s, B is the vector of family
background variables, and ¢ is the error term.2 The coefficient vector ¢, is to be

estimated. Here the estimation does not control for other school characteristics, such as
schooling resources or within-country differences in schooling institutions, because in this
section we are interested in the total impact of social background factors on student
performance, including any effect that might work through families’ differential access to
schools or their influence on school resources and policies.

It helps to clarify in advance what the estimates of the coefficients ¢; on the family-
background variables (and of the coefficients on the other explanatory variables in later
sections), and especially differences in the estimates across countries, mean and do not mean.
Since the TIMSS data were generated by the same data-generating process in the different
countries and are therefore directly comparable across countries, the prior from a technical
point of view should be that the coefficient estimates should be the same everywhere. If this
were not the case, this implies that there must be differences in how the school systems work.
Such differences would not reflect different distributions of family-background characteristics
in the different populations but show, say, a different effect on student performance of a given
level of parental education across schooling systems.

Problems in the econometric estimation of equation (1) are that the explanatory variables are
in some cases varying within classes or schools whereas the dependent variable is individual
student performance, that the performance of students within the same school may not be
independent from one another; and that the primary sampling unit (PSU) of the two-stage
clustered sampling design in TIMSS was the school, not the individual student as implicitly
assumed in the estimation equation. As shown by Moulton (1986), a hierarchical structure of
the data as in the case of TIMSS requires the addition of higher-level error components to
avoid spurious results. Therefore, the error term ¢ of equation (1) has a school-level and a
class-level element in addition to the individual-student element:

(2) Eics =M tVe +U;

where 77 1s a school-specific error component, v is a class-specific error component, and v is a
student-specific error component. Clustering-robust linear regression (CRLR) is used to
estimate standard errors that recognize this clustering of the survey design. The CRLR
method relaxes the independence assumption and requires only that the observations be
independent across the primary sampling units. By allowing any given amount of correlation
within the primary sampling units, CRLR estimates appropriate standard errors when many

2 The equation also includes controls for every variable with missing values to ensure that the
results are robust against possible bias arising from data imputation. For details, see
Woessmann (2003b).



observations share the same value on some but not all independent variables (cf. Deaton
1997).

Our estimates also consider that TIMSS used a stratified sampling design within each country,
which produced varying sampling probabilities for different students (Martin and Kelly

1998). To obtain nationally representative coefficient estimates from the stratified survey
data, weighted least squares (WLS) estimation using the sampling probabilities as weights is
employed. The WLS estimation ensures that the proportional contribution to the parameter
estimates of each stratum in the sample is the same as would have been obtained in a
complete census enumeration (DuMouchel and Duncan 1983; Wooldridge 2001).

Figure 1 represents our estimates for the different impact of family background on student
performance across four East Asian countries.? Here we focus on the effects of the
educational background of the family of each individual student.* We rely on two sets of
dummy variables to identify the effects of educational family background. One measure is the
highest level of education achieved by the parents of a student. In addition, we use the
reported numbers of books at home as an internationally comparable proxy for the educational
background of a student’s family.

As Figure 1 reveals, students with a more favorable family background perform consistently
better in both math and science in all four countries considered. The largest performance
difference between students with a strong educational family background relative to students
with a weak educational family background are found in South Korea and in Singapore. For
instance, the size of the coefficient for math in South Korea says that the performance gap
between students with strong and weak educational family background was about 139 test-
score points. The estimated effects are less than half as large in Hong Kong and in Thailand,
with Singapore closer to the results for South Korea.

To put these findings into perspective, it is useful to compare them to the average test score
difference that arises from one additional year of schooling. Our (unreported) estimates show
that the average test score differences in math and science between seventh-grade and eighth-
grade students are about 37 test score points in Hong Kong, 75 test score points in Singapore,
33 test score points in South Korea, and 29 test score points in Thailand. Figure 2 relates these
test score effects of one additional year of schooling to the previously estimated effects of
educational family background. On average, it appears that the effects of educational family
background on student performance are between 30 percent and 55 percent larger than the
effects of an additional year of schooling in Hong Kong, Singapore, and Thailand. In South
Korea, however, the average test score effects of educational family background appear to be
about as large as the test score effects of 3.4 years of schooling. Hence students from weak
social backgrounds apparently face more obstacles for progress in the South Korean schooling
system than in the other three East Asian schooling systems considered.

3 For the case of Japan, most family background variables, and especially data on the
education of parents, are missing from the TIMSS database.

4 The reported effects are conditional on additional student characteristics like age, grade,

gender, place of birth, and presence of both parents. For detailed results, see Woessmann
(2003Db).



I11. Economic Resources as Determinants of Student Performance

The standard procedure to estimate the relationship between schooling resources and student
performance is to add a measure of resources to equation (1), such that

(3) Tics = Bicsa2 + Rcsﬂl + Eics ’

where R is a vector of resource measures such as class size, the availability of instructional
materials, and teacher characteristics. The education production function (3) describes the
maximum amount of schooling output in the form of student performance that can be
achieved by a given amount of schooling inputs, thereby controlling for social background B.

Under the assumption that schooling resources are exogenous to student performance — which
is unlikely to be the case — a least squares regression could be used to measure the impact of
resources on student performance as an estimate of /. The coefficient vector on resources

obtained by this standard procedure may be substantially biased, however. One potential
reason for bias is that the resource endowment may to some extent be endogenous to student
performance because weaker students may be sorted into smaller classes. If so, this could
result in a negative correlation between resources and student performance. Another potential
reason for bias is the impact of further omitted variables which, like sorting, could be related
to the resource endowment.

Figure 3 presents least-squares coefficients on a specific measure of resources, namely class
size. The estimated coefficients are conditional on the inclusion of the social and individual
background variables mentioned in the previous section.> Class size is measured in natural
logarithm units because the proportional impact of a one-student reduction in class size is
greater the smaller the initial size of the class. The estimated least squares coefficients on log
class size turn out to be statistically significant, positive, and quantitatively important in Hong
Kong, Japan, and Singapore. They are statistically insignificant or quantitatively negligible in
Thailand and South Korea.

Taking these results at face value, we find that higher test scores are seemingly related to
larger classes in three East Asian countries (and unrelated to class size in the other two
countries). For instance, the estimated coefficient for science in Hong Kong would imply that
a 10 percent increase in class size goes hand in hand with an increase in student performance
by about 17 test score points. In the case of Hong Kong, a difference of 17 test score points
roughly equals the average test score point difference of half a year of schooling, so the
reported result is quantitatively important. Interpreting statistically significant least squares
coefficients as causal effects, as much previous work for other countries has done (e.g.,
Hanushek 1997; Krueger 2003), one would have to conclude that students seem to learn more
in larger classes rather than in smaller classes in some East Asian countries.

One reason why the least squares estimates in Figure 3 are misleading is that student
performance T affects class size, for instance if either above-average performing students or
below-average performing students are systematically sorted into smaller classes. The above
estimates of class size would also pick up the correlation between student performance and
any omitted variable that is correlated with schooling resources In both cases, unbiased

5 For detailed results, see Woessmann (2003b).
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econometric estimates can only result if the endogeneity of schooling resources is properly
accounted for (Hoxby 2000).

The endogenous nature of class size can result from sorting at two different levels. Students
with different performance may be sorted into classes of different size within a given school,
or they may be sorted into different types of schools with different class sizes. The latter
mainly happens in schooling systems where students of a certain grade are tracked into
different schools according to their ability (as is the case in Singapore). Both possibilities
have to be controlled for to identify the true (unbiased) effects of class size on student
performance.

In order to exclude any effects of either within- or between-school sorting from the true
performance effect of class size, Woessmann and West (2002) suggest an identification
strategy specifically designed to exploit the multi-grade nature of the TIMSS database. They
combine a specific instrumental variables (IV) strategy suggested by Akerhielm (1995) with a
school-fixed-effects estimation. Their combined school-fixed-effects instrumental-variables
(SFE-IV) estimation equation, which we also employ here, is:

(4) T;'cs = B, as +écsﬂ2 +Ss(01 +‘9ics ’

s

where S; is a complete set of school dummies and CA'CS 1s the result of a first-stage regression
that instruments actual class size by grade-average class size.

Equation (4) relates idiosyncratic variation in student performance from each individual
school to that part of the actual class-size difference between the two grades that is due to
differences in average class size between the two grades that are included in the TIMSS data
base, namely the seventh and the eighth grade. Thereby, the SFE-IV identification strategy
effectively excludes both between-school and within-school sources of student sorting. The
effects of between-school sorting are eliminated by controlling for school fixed effects
through the dummy variable S; and the effects of within-school sorting are eliminated by
instrumenting actual class sizes by grade-average class size. Arguably, the remaining
variation in class size between classes at different grades of a school is caused by random
fluctuations in cohort sizes between the two adjacent grades in each school, presumably
reflecting natural fluctuations in student enrollment. The coefficient estimate /, in equation

(4) can thus be interpreted as an unbiased estimate of the causal impact of class size on
student performance.

The SFE-IV estimation is extremely demanding in terms of data requirements, because the
variation on which it is based excludes both any between-school variation in class size and
any within-grade variation in class size within schools. If the remaining within-school
between-grade variation in class size is low, this will necessarily result in imprecise estimates
of the class-size coefficient. In our sample of East Asian countries, this apparently happens
for Hong Kong and Thailand, where the standard errors of the SFE-IV estimates are too large
to allow for any confident statement about the quantitative relevance of class-size effects. By
contrast, the SFE-IV estimates are very precise for Japan and Singapore, with relatively small
standard errors. The standard errors are in fact so small that if a reduction in class size of 10
percent were to change student performance by just 4 to 6 test-score points, such a change
would show up as statistically significant at the 5 percent level.



However, our SFE-IV estimates of the causal effect of class size on student performance are
substantially smaller than this statistical benchmark in both math and science in Japan and
Singapore (Figure 4). Due to their low standard errors, our estimates are found to be
statistically significantly different from the benchmark case of a change of 4-6 test score
points, but they are not statistically differnt from zero. Given the statistical precision of our
estimates, they resemble what Hoxby (2000, p. 1280) calls “rather precisely estimated zeros.”
Hence our results suggest that there is definitely no causal effect of class size on student
performance in Japan and Singapore, whereas our coefficient estimates for Hong Kong, South
Korea, and Thailand (which are also statistically not different from zero) are too imprecisely
estimated to allow for a clear-cut assessment.

Our cross section results confirm previous time series evidence on the missing link between
schooling resources and student performance in selected East Asian countries (Gundlach and
Woessmann 2001). In that paper, we developed a measure of the change in schooling
expenditure per student. Notwithstanding quantitative differences across the selected East
Asian countries, we found that deflated public expenditures per student in general increased
substantially faster than an index of deflated expenditures per unit of output of other services
with inherently low productivity growth. Such a finding implies that the productivity of
schooling declined in East Asian countries, given that the quality of a unit of schooling output
did not improve.

We measured potential changes in the quality of schooling output by changes in the
performance of pupils in internationally standardized tests of cognitive achievement in 1980
and in 1994. Using alternative statistical assumptions about the mean and the standard
deviation of the available test results, we were able to construct an index of changes in the
performance of students from selected East Asian countries overt time. Neglecting minor
improvements and deteriorations, we found that average student performance, and hence the
quality of schooling output, largely remained unchanged in Hong Kong, Japan, Singapore,
South Korea, and Thailand.

Figure 5 summarizes our previous time series results on the missing link between schooling
resources and student performance. The vertical axis shows our estimates of changes in
student performance over time. As is evident, relative to 1980 there is not much variation in
the East Asian countries considered. The horizontal axis shows our estimates of the change in
the price of schooling relative to the change in the price of other services with low
productivity growth, which is our proxy for the change in real schooling expenditure per
student (note that expenditure equals price times quantity). Under an efficient allocation of
resources, one would probably expect to find an upward-sloping line through the point where
the index of changes in the quality of schooling output is equal to 100 (no change) and the
change in the relative price of schooling is zero (no change). Yet no such picture emerges in
Figure 5.

Recalling that the increase in the relative price of schooling mirrors an overproportionate
increase in schooling resources, generously rising schooling expenditures apparently did not
generate strong performance effects in the countries concerned.® These findings support the
view that a rising relative price of schooling in East Asian countries reflects declining
schooling productivity, and not an improvement in student performance. As it turns out, the
main reason for the decline of schooling productivity within East Asian countries appears to
be a decline in class size, which did not lead to a corresponding increase in student

6 For a similar finding with regard to OECD countries, see Gundlach et al. (2001).
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performance.” Since our times series results exactly mirror our cross section results for Japan
and Singapore presented in Figure 4, it is tempting to conclude that our imprecisely estimated
unbiased class size effects for Hong Kong, South Korea, and Thailand also reflect the missing
link between schooling resources and student performance.

IV. Institutional Features as Determinants of Student Performance

The missing evidence for a consistent link between schooling resources and student
performance suggests that resources are inefficiently used in the school systems of East Asian
countries. In other countries, such inefficiencies have been related to the lack of suitable
performance incentives in the school system (e.g., Hanushek et al. 1994). If missing
incentives to increase performance or to save on cost explain the missing resource-
performance link, schooling policies that focus on institutional features of the schooling
system rather than on resources are more likely to affect student performance. Economic
theory would suggests that the institutional structure of the school system generates the very
incentives that drive the behavior of all actors in educational production and thus the
performance that students achieve and the level of resources that schools receive (see Bishop
and Woessmann 2003).

Since institutional features generally do not vary substantially within school systems, the
empirical effect of schooling institutions on student performance should naturally be studied
in a cross-country rather than in a within-country context. Along these lines, Woessmann
(2003a) shows that many schooling institutions (and especially the presence of central exams)
are indeed strongly linked to the cross-country variation in student performance. However, the
TIMSS background data reveal that some institutional features do also vary within some
schooling systems. Institutional features that vary within East Asian countries are, for
instance, the autonomy of schools in salary decisions and the parental involvement in the
education process. Hence in this section we try to see whether such within-country differences
in institutional features of the school systems add to an understanding of the within-country
differences in student performance.

Since institutional features of the school systems appear to be exogenous to student
performance, reasonable estimates of institutional effects may be obtained by least squares
estimates of the education production function

(5) T;'cs = Bicsa4 + Rcs ﬂ3 + ]cs71 + Eics >

which simply adds a vector of institutional measures / as explanatory variables to the previous
education production function (3). In equation (5), the coefficient vector y; is expected to
measures any effects of institutional features of the school system on student performance. In
this specification, the estimated effects of resource variables may be biased due to sorting
effects as discussed in the previous section. However, the estimated coefficients on the
institutional variables, which are of interest in this section, do not change once we exclude the
resource variables from the specification. Hence our estimates appear to be robust against a
potential bias arising from the inclusion of the endogenous resource variables.

7 For detailed empirical results, see Gundlach and Woessmann (2001).
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Our coefficient estimates of the performance effects of salary autonomy and parental
involvement are reported in Figure 6, which focuses on our results in math.® Overall, we only
find limited empirical evidence for the impact of institutional features on student
performance. This result most likely reflects the relatively low degree of within-country
variation in institutional features, which would result in statistically insignificant coefficient
estimates in a regression equation that also includes control variables for family background
and schooling resources.

What we find is that in Japan and Singapore, students in schools with autonomy in
determining the salaries of their teachers performed statistically significantly better in math
and 1n science (not reported) than students in schools without salary autonomy. For
Singapore, the estimated test score difference is comparable in size to about two thirds of the
estimated test score difference of family background. For Hong Kong, we find that students
whose teachers reported that their teaching was limited by uninterested parents performed
statistically significantly worse than students whose teachers did not report limitations by
uninterested parents. The absolute size of this effect is estimated to be about as large as the
effect of family background on student performance in Hong Kong. For the other East Asian
countries, we do not find statistically significant effects of institutional features on student
performance.

V. Conclusions

Given the pivotal role of education for the future economic prospects of societies, our
empirical results for five high-performing East Asian countries could have substantial
implications for educational and social policies in the region and in other parts of the world as
well. To our knowledge for the first time, we can show how family background, schooling
resources, and institutional features matter for student performance and how the impact of
these variables differs across East Asian schooling systems. By identifying the factors that
may be responsible for the success of East Asian students in international comparisons of
cognitive achievement, our results may offer insights for educational reform in other
countries.

Although the fact that most East Asian countries performed extraordinarily well in
international comparisons of student performance seems to suggest that they are very
homogenous, our empirical evidence reveals that their schooling systems actually feature a lot
of heterogeneity. For example, family background is a much stronger predictor of children’s
educational performance in South Korea than in the other countries considered, especially
when measured relative to the average effect of one additional year of schooling (which, in
turn, is substantially higher in Singapore than in the other East Asian countries considered).
The different size of family-background effects across countries implies that the different
schooling systems differ with respect to the opportunities for successful learning independent
of parental education and social status.

The high educational performance of East Asian countries also suggests that their schooling
systems are highly productive. While this is true in the sense of a cross-country comparison
between East Asian countries and countries from other parts of the world, the internal
productivity of East Asian school systems appears to be less clear. For instance, we show that
that there is no evidence for a consistent positive effect of smaller classes on student

8 For detailed empirical results, see Woessmann (2003b).
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performance in East Asian countries. As in many other countries in the world, East Asian
schools that are better equipped with educational resources apparently do not make productive
use of the additional resources. This within-country cross-sectional finding mirrors the time-
series evidence presented in an earlier study (Gundlach and Woessmann 2001), where we
showed that higher schooling expenditure resulting in smaller class sizes did not lead to a
substantially improved student performance in East Asian countries.

With respect to institutional features of East Asian schooling systems, we find that school
autonomy in the salary decisions strengthens student performance in Japan and Singapore.
Given that performance standards are centrally set and examined in all the East Asian systems
considered, additional autonomy might allow schools to find the best ways of how to achieve
these standards. Overall, however, the within-country variation in institutional features of
school systems appears to be too small to allow for estimating statistically significant effects.
To identify the impact of schooling institutions on student performance, cross country
estimates are likely to provide more substantial insights (Woessmann 2003a).

It remains to be seen whether the conclusions of this paper also apply for other subjects and
skills than middle-school mastery of math and science. Some evidence suggests that East
Asian students are not just capable of rote learning, as a going prejudice has it, but also do
well in more creative tasks. Learning the cognitive foundations is certainly a prerequisite for
the mastery of more advanced applications, so that the two appear to be complements rather
than substitutes. To sustain the quality of this knowledge base and to tap the full potential of
their student populations, East Asian school systems should aim at ensuring equal
opportunities to education for students from all family backgrounds without compromising on
the quality of education. Rather than focusing on additional schooling resources to achieve
this goal, implementing educational policies that ensure efficient educational production
appears to be a more promising alternative.
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Figure 1 — Family Background® and Student Performance
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Figure 2 — The Average Effect of Family Background® on Student Performance Relative to
the Effect of One Year of Schoolingb
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Figure 3 — Least Square Estimates of the Effect of Class Size on Student Performance®
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Figure 4 — The Unbiased Effect of Class Size on Student Performance®
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Figure 5 — Changes in the Quality of Schooling Output2 and in the Relative Price of
Schoolingb, 1980-1994
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HKG: Hong Kong; JPN: Japan; SGP: Singapore; KOR: South Korea; THA: Thailand.
4]ndex based on average math and science test results in standardized international tests of
student performance. — bAverage annual rate of change of the price of schooling minus the

average annual rate of change of the average of deflators for government services and for
community, social, and personal services.

Source: Adapted from Gundlach and Woessmann (2001).
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Figure 6 — Institutional Features and Student Performance in Math
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*Statistically significant coefficient estimate.
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