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1 Introduction

The question of the causal relationship between educational expenditures and student outcomes
continues to attract the attention of parents, educational policymakers and researchers alike.
Despite decades of intensive study, however, general consensus of the existence (not to mention
magnitudes) of the effects of monetary educational investments on student achievement and
academic performance has yet to be reached.

On the one hand, papers that summarize the debate on the effectiveness of public school
expenditures often advocate conflicting views. For example, while Greenwald, Hedges, and
Laine (1996), Card and Krueger (1996) and Krueger (2003) are in favor of the effectiveness
of public school expenditures, Hanushek (1986, 1997, 2003) and Betts (1996) cast doubt on
the conclusion of these researchers and suggest several factors that can explain discrepancies in

conclusion (e.g Betts 1996).



Studies on the effects of private schools (e.g. Catholic schools) do not shed much light on the
effectiveness of educational expenditures for student outcomes as well. Evans and Schwab (1995)
show that attending a Catholic high school substantially raises the probability of finishing high
school or entering a four-year college. Neal (1997) present the effectiveness of Catholic secondary
schooling among urban minorities. In contrast, Goldhaber (1996), Figlio and Stone (1999) and
Altonji, Elder, and Taber (2005) examine differences in test scores between public and private
schools, and find no significant gaps between two types of schools. Importantly, most of the
studies on private and Catholic schooling suffer from reliable exogenous variation for identifying
the causal effect on a variety of students outcomes. Altonji, Elder, and Taber (2002) argue that
two frequently used instrumental variables—religious affiliation of the parents and geographical
proximity of Catholic schools—are not a useful source of identification of Catholic school effect.

A major reason why researchers often disagree about the effectiveness of expenditures on
public school resources and private school attendance is that empirically establishing the causal
relationship between any educational expenditures and student outcomes is difficult due to sev-
eral empirical challenges. For example, a spurious negative association between public school
resources and student outcomes may be observed, because weak students can be assigned to
remedial classes with higher resources per students, small students and better teachers. When
children from wealthier family often attend public or private schools with better school resources,
omitting family background variables may produce biased results in an estimation of the effects
of educational spending. In addition, if parents spend educational funds in a compensating
manner within family—invest more for low-performing children—, we observe a spurious nega-
tive correlation between the educational expenditures and student performance. If they spend
them in a reinforcing manner—invest more for high-performing siblings—, on the other hand,
we observe the reverse.

These obstacles can largely be circumvented by either an experiment in which students
are randomly assigned to different resource environment or a reliable exogenous variation of
educational investment to identify the causal effect of the expenditures. In the arena of public
school expenditures, there exists a large-scale randomization experiment of class size reduction
in the U.S. (Tennessee’s Student/Teacher Achievement Ratio (STAR) Project). Yet, researchers
fail to reach agreement as to how to interpret results from this experiment. Emphasizing the

credibility of random assignment implemented in the Project STAR, Krueger (1999) shows



substantial advantages in student performance that give rise to students in small classes. In
contrast, casting doubt on the validity of randomness that arises from student mobility and
class reassignment during the experiment, Hanushek (1999) raises questions on the credibility
of the estimated effects of small classes. As for the merits of attending a private school, a most
recent view is that frequently used instrumental variables do not seem to be a good source of
identifying the causal effect, hence the estimated effects revealed so far are doubtful (Altonji,
Elder, and Taber 2002).

In this paper we attempt to shed light on the effectiveness of educational expenditures on stu-
dents’ outcomes by examining the effect of private educational investments on standardized test
scores. Specifically, we examine the effectiveness on academic performance of the expenditures
on private tutoring that is widely employed by South Korean parents in order to supplement
public school education. In South Korea, secondary school students are not essentially free to
choose their middle and high schools in the school district. Since 1969 student allocation to
private as well as public schools has largely been under the government’s strict control, espe-
cially in urban regions. Under this system (labeled ‘Leveling Policy’), students are basically
assigned to secondary schools within their residential school district by either a pure lottery or
an application-accompanied-by-lottery system under the supervision of the local Department
of Education office. Moreover, within schools ability grouping is rarely implemented due to the
government’s egalitarian policy on secondary education and parents objections. Curricula are
also controlled by the Department of Education for the most part. In response to such a rigid
public education system, parents in South Korea spend a great deal of money in private tutor-
ing for their children. According to a statistic, South Korean parents spend money on private
tutoring 85 percent as much as on public schooling in 1998 (Korean Educational Development
Institute, Survey on Educational Expenditures, 1998).

Given this situation in South Korea, many including parents as well as educational policy
makers are concerned about the effectiveness of private tutoring expenditures on student acad-
emic performance. From a broader perspective, an examination on the effect of private tutoring
serves to illuminate the debates on the effectiveness of public and/or private educational inputs
on students’ outcomes.

Given that educational expenditures on a student are not exogenously and randomly deter-

mined, there is no doubt that expenditures on private tutoring are correlated with a student’s



personal, family and academic characteristics. In the absence of a random experiment on private
tutoring, a causal estimation therefore calls for an extra variable for a student which strongly
affects her parents’ decision to invest in her education, but is independent of her various char-
acteristics (academic capability among others) when the amount of educational expenditures is
controlled for. For such a variable this paper employs a student’s birth order in the family. A
large body of literature theoretically and empirically documents that parents favor a certain-
parity child (e.g. first-born or last-born) in education. And, as long as a student’s birth order
is exogenously determined by how many older siblings were born before her, it is unlikely to
affect her academic capability.

Using a student’s birth order as an IV, this paper shows that a 10 percent increase in private
educational expenditure leads to a 0.67 percentile improvement in test score. Evaluated at the
mean value, this amount of effect is equivalent to a 1.4 percent increase in test score. Our
estimated effect of private educational expenditures on test scores is fairly comparable to the
effect of public school expenditures on earnings estimated by previous studies (e.g. Card and
Krueger 1996). From an analysis of private educational expenditures, it is revealed that holding
other factors constant, birth order significantly influences the amount of educational investment
received by a student. Birth order, however, is not significantly associated with a student’s
academic capability.

The rest of the paper is organized as follows. Section 2 presents various theories and empirical
evidence on birth order and educational investment and outcomes. Data and the empirical
strategy are discussed in Sections 3 and 4, respectively. Empirical results are shown in Section

5. Section 6 concludes the paper.

2 Birth Order and Educational Investment

2.1 Various Theories

The phenomenon of parental favor for a certain-parity child in educational investments has
been documented in a number of studies. First, studies suggest priorities in education for first-
born and last-born children. The resource dilution model in sociology argues that parents are
faced with time or financial constraints over the life cycle. This makes it impossible to equalize

resources over children. Generally, if there is a constraint, first-born and last-born children will



benefit because they spend more quality time and resources in smaller families than middle-born
children (Birdsall 1991).

Second, other scenarios are possible when the availability of a family’s financial and time
resources is important to a child. Parents may favor later-borns over earlier-borns in education
if their earnings increase over their life cycle (Parish and Willis 1993). And later-born children
may benefit from more parental attention, if earliest-born children have moved out of the family
home. Provided that parents gain more experience in child care and education with each child,
they can invest more efficiently in later-born children. It is also possible for disadvantaged
families that a scarce financial resource could cause older children to enter the labor market
earlier, thereby increasing the available resources for younger children.

Third, parental preferences may vary by birth order. If parents seek their security in old
age, they may favor the oldest sons and devote greater resources to them, as they become
economically independent first.! If parents are focused on their career when younger, however,
they may be less willing to spend time with their children than when they are older and more
established professionally.

Besides the birth order effects on educational investments in children, there are also plenty
of reasons that a different-parity child may have different academic capability and intelligence
that are either endowed or developed over time.

A genetic factor may play a role in forming a child’s innate capability. Children of higher
birth-order (i.e. younger siblings) naturally have older mothers, and older mothers tend to have
children of lower birth weight. This tend to give the oldest children an advantage (Behrman
1988). On the other hand, there are studies which find that both younger and older mothers
give birth to children that are less healthy in many dimensions (Strobino, Ensminger, Kim, and
Nanya 1995; Royer 2004) . If this is the case, a bad future outcome can take place to both
oldest and youngest children.

The intrahousehold allocation of resources in early childhood may also contribute to later
differences in a child’s capability among siblings, since early nutritional and health status is
known to affect children’s educational outcomes such as 1Q. Especially in developing countries,

inequalities are found in the allocation of nutrients and health care among siblings by birth

! A cultural factor can explain parental favor for the oldest child, especially oldest sons (Horton 1988). In some
societies like South Korea they play important roles in funeral rites and ancestor-worship rituals.



order (Behrman 1988; Horton 1988).

When the intellectual environment is an important determinant of children’s development,
older siblings might be an asset for younger children, which would confer an advantage on
later-borns. As long as children’s learning is interactive, however, older siblings can also benefit
from teaching their younger siblings (Blake 1989). In addition, the ‘confluence theory’ (Zajonc
1976) suggests that the average intellectual environment deteriorates when a higher proportion
of household members are young children. This causes birth order effects on intelligence that
are favorable for younger children and unfavorable for older children.

Independent of the genetic and resource allocation factors, the optimal fertility-stopping
rule can give rise to the birth order effect. When parents employ the optimal childbearing rule
which states that they make fertility decisions based on the quality of the prior-born child, the
youngest children tend to have an extreme quality—either worst or best (Ejrnaes and Portner
2004). If parents stop having children when they have a child with lower than expected genetic
endowments, then the last-born child has the lowest quality. On the contrary, if parents finish
childbearing when they give birth to a child with a high genetic endowments, then youngest

child has the best quality.

2.2 Empirical Evidence

Empirical analyses of the birth-order effects often confound educational investments for a child
with the endowed quality of a child.? Typically, studies on birth order effects examine ed-
ucational attainments (such as completed years of education, college attendance, high school
graduation, private school attendance and test scores), and sometimes labor market outcomes
(such as a full-time employment and earnings), not separating the amount of investment on a
child by parents from her own capability. Therefore, empirical evidence on the effects of birth
order on parents’ educational investment and a child’s own quality is limited, because both

are not explicitly distinguished. Nevertheless, a trend (albeit arguable) reported by studies is

2Empirical analyses of the birth-order effects are also frequently complicated by the existence of the indepen-
dent sibling-size effects. While theoretical discussions on birth order effects are close to none, economic theories
on the sibship size effects have a long tradition and extensive empirical supports in the name of a quantity-quality
trade-off (Becker and Tomes 1976). However, recent evidence suggests that the effects of sibship size on a child’s
educational attainment may proxy for those of birth order. Black, Devereux, and Salvanes (2005) convincingly
show that a negative correlation between sibship size and children’s education becomes negligible when the birth
order is added as an explanatory variable along with the sibling size. See also Conley and Glauber (2005) for a
causal analysis of the effects of sibship size and birth order.



that high birth order (e.g. being younger) exerts significantly negative impacts on educational
attainment, and little or negligible impacts on a child’s performance in schools and the labor
market.

Behrman and Taubman (1986) find empirical evidence that lower birth orders or first-borns
are favored in schooling, while there exists no statistically significant birth-order effects on
earnings for young U.S. adults. Hanushek (1992) finds that while there is no birth order effects
among small families with less than 5 siblings, in large families test scores and education are
higher among last-born and first-born children than among middle-borns. Black, Devereux,
and Salvanes (2005) document that for every sibship size up to 10 first-born children have
significantly higher years of completed education than later-born children. They also report
that first-born children have greater earnings, higher probability of full time employment and
lower probability of teen childbearing than later-borns. Interestingly, they suggest that much
of the birth order effects on earnings is likely to work through education.

On the other hand, Olneck and Bills (1979) and Blake (1981) find that there exist a negligible
influence of birth order on individuals’ educational attainment and test scores. Hauser and
Sewell (1985) show no significant or systematic effects of birth order on schooling outcomes (high
school graduation, postsecondary educational attainments of those graduates, or educational
attainments). Kessler (1991) presents that birth order fails to significantly influence the level or
growth rate of wages. Retherford and Sewell (1991) find no support for the Confluence theory
(Zajonc 1976) that attempts to explain the negative effect of birth order on intelligence as
well as some peculiar effects of birth order on the intelligence of last-born children. Given these
preceding mixed and limited results of birth order on educational attainment and other outcome
measures, the validity of a child’s birth order as an IV for private educational expenditures is a

matter to be resolved empirically in the context of our main analysis.

3 Data

3.1 Description of the Main Sample

This study employs the data from the Korean Education and Employment Panel (KEEP). KEEP
is a longitudinal study that is conducted since the year 2004 by the Korea Research Institute

for Vocational Education and Training (KRIVET)—a government-funded research institute.



The basic structure of KEEP is designed to follow the National Education Longitudinal Studies
(NELS) in the U.S. The beginning cohorts of KEEP consist of 6,000 students from three different
populations: 2,000 students each from middle schools (grade 9), academic high schools and
vocational high schools (both grade 12, the final year of secondary education). Students of
each group are sampled by the stratification method to reflect the national population of the
group. More specifically, for each group 100 schools are selected in consideration of the regional
distribution of schools and students. For each school 4 different classes are randomly chosen,
and for each class 5 students are sampled at random. The sampled students are administered
a wide variety of students’ personal, family and school-related questionnaires. In addition,
students’ homeroom teachers, school principals and parents are separately surveyed to collect a
wide range of background information on the sampled student.

One of the important features of the KEEP data is that the survey collects detailed informa-
tion on a student’s private tutoring experience and expenditures, and the sibling composition.?
It enables us to construct main explanatory variables and instrumental variables of this study.
Also unique in the KEEP data set is the availability of the College Scholastic Ability Test
(CSAT) scores for high school graduates. CSAT is the national college-entrance examination
of Korea which is annually administered under the supervision of the Department of Education
and whose scores are importantly used by colleges and universities to determine the admission of
the applicants. Using the resident registration number of a student, the KEEP data are merged
with the administrative data base of the 2004 CSAT scores for the test writers. As a measure
of a student’s academic performance, we employ the CSAT percentile scores of the following
three subjects: the Korean language, mathematics, and English.* The percentile score of each
individual subject ranges from 0 (lowest score) to 100 (highest score). Although vocational high
school graduates are eligible for CSAT, the majority of the CAST writers are academic high

school graduates. Therefore, we restrict our analysis to the academic high-school sample of

3The KEEP survey asks the monthly average amount of expenditures on private tutoring during the last six
months before grade 12—roughly nine to fourteen months prior to the test whose scores are used as our main
measure of student academic performance.

4Guidelines of CSAT stipulate that students are free to choose individual subjects for their examination. Yet
a majority of students choose either the Korean language, mathematics, English or all, because they are required
by many universities for application. Out of a national total of 574,218 CSAT writers in 2004, 98.9 percent selects
the Korean language, 87.8 percent mathematics, 99.3 percent English, 34 percent science and 59.1 percent social
studies (Korea Institute of Curriculum and Evaluation (KICE), Media Briefing in December, 2004). In the KEEP
data set, 99.3 percent of a total of 1,733 CSAT writers in 2004 choose the Korean language. The corresponding
figures are 90.2 and 99.9 percent for math and English, respectively.



2,000 students.

For a refined analysis, the original academic high-school sample has been further narrowed
down. First, those students whose guardian, they report, is not one of the parents are excluded
from the sample. Patterns of private educational investments and academic performance among
these students may be far from typical due to the absence of a parent. A total of 85 students
are removed from the original sample as their guardian is either a grandparent, sibling, or close
relatives. Students from single-parent families, however, are retained.

Second, students are excluded from the main sample if they either attend a special high
school for music, fine arts and athletics, take private tutoring to major in these subjects for
higher education in universities, or both. Tutoring costs among them are generally much greater
than costs of a normal tutoring of academic subjects. And these students are likely to be
poor performers in a general subject test like CSAT.? The number of such students are 168 in
total. Considering the fact that more than one restrictions may be applied to a single student,
the preceding two restrictions leave a total of 1,752 students for futher analysis. Descriptive
statistics of the main sample and their difference between first-born students and later-borns

are documented in Table 1.

3.2 Descriptive Statistics

Before discussing the descriptive statistics, it is necessary to explain how our measure of student
performance are constructed from the raw CSAT percentile scores. Not every student of aca-
demic high schools takes CSAT upon graduation. In the KEEP data set, there exist students
who do not apply for the 2004 CSAT. Some students are absent for a few or all subjects of
the examination upon application. Thus we consider a student to be a non-writer of the 2004
CSAT, and treat her CSAT scores as unknown and missing, when she either do not apply for
the 2004 CSAT, or are absent (upon application) for the tests of all three main subjects (the
Korean language, math, and English). If a student misses the test of only one or two subjects,

on the other hand, her CSAT score for the missed subject is set as zero, not missing. Those

5According to the KEEP data, students who attend special high schools for music, fine arts and athletics
or take private tutoring of these fields expend a monthly average of 513,000 Korean Won—roughly equivalent
to US$430. Other students, on the other hand, spent nearly a half as much on private tutoring—a monthly
average of 283,000 Korean Won. In addition, the average CSAT scores are substantially different between these
two groups of students. The average percentile scores of the arts and atheletic students are 31.3, and those of
non-specialist group are 48.3. The difference is significantly far from zero.



who are, according to the preceding criteria, considered to not take the 2004 CSAT account for
a total of 235 students—13.4 percent of students in the main sample. Test-writing behaviors
do not seem to vary between first-born and later-born students. Difference in the proportion of
CSAT absentees are negligible in Table 1.

It should be noted that a student’s test-writing behavior may be closely related with acad-
emic performance prior to CSAT. It may also have some bearings with the amount of private
tutoring expenditures. Given these possibilities, we later attempt to take those non-writers of
CSAT into account in our investigation. Up to such a point, our main sample does not include
those who miss all the three tests and have their test scores missing.

Among test-writers, the mean percentile score of the Korean language is 49.3 and the mean
scores of math and English are 48.7 and 48.5, respectively. While mean math scores are close
between the two groups, mean scores of the Korean language and English among first-borns
significantly exceed those of later-born students. The mean of the percentile scores averaged
over the three subjects is also significantly greater for first-borns than for later-born students.
Yet it is not clear whether these differences between the two groups are endowed by birth order
or created by variations in educational investments.

As for the amount of spending on private tutoring, first-born students receive more intensive
investments by their parents than later-born counterparts. While the overall average monthly
spending on private tutoring is about W285,400—roughly equivalent to US$239, the average
spending for first-born students (1#7324,000) is 35 percent greater than that for later-borns
(W239,800). This amount of gap is significantly different from zero. The proportion of those
who have received private tutoring for any subject—those with positive monthly spending—is
also far higher among first-born students (83.1 percent) than among later-borns (71.4 percent).

When tutoring experiences are focused on the three main subjects, math is the subject
for which students most likely take private tutoring (51.8 percent). It is followed by English
(41.0 percent) and the Korean language (30.1 percent) in frequency. Weekly tutoring hours also
are longest for math (2.5 hours), and English (1.7 hours) and the Korean language (1.3 hours)
follow it in terms of duration. Whether in terms of frequency or duration, the preceding statistics
suggest that first-born students receive a significantly greater amount of private tutoring than
later-borns.

Using the questionnaires for grade-12 homeroom teachers, we create a measure of a student’s
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pre-tutoring performance. This measure is important to our analysis, since it reveals pre-existing
differences in student quality before the treatment (i.e private tutoring). The teachers are asked
to report a student’s approximate rank from 0 (lowest quality) to 100 (highest quality) within
a school or a classroom during the second semester of grade 11.7 According to this measure,
students are on average rated to have a medium pre-treatment quality (46.1 percentile). Later-
borns have a pre-treatment quality slightly higher than first-born students. The difference,
however, is indistinguishable from zero. Weekly hours of self-study excluding private tutoring
hours are also similar between first-borns (11.6 hours) and later-born students (11.1 hours). The
preceding statistics indicate that there seem to exist no substantial differences in pre-treatment
quality and self-investment in study between first-born and later-born students. Parents, on the
other hand, invest more intensively in first-borns than in later-born children.

A student’s age, sex, presence of both parents and school characteristics do not vary sub-
stantially between first-born and later-born students. Parents’ average age is lower, and their
average education level and family monthly income is higher among first-borns than among
later-born students. This reflects a tendency that better-educated (hence higher-income) peo-
ple get married, give birth to a first child later in life and have fewer offsprings (Rosenzweig
1986). In our main sample, first-born students occupy 54.2 percent, middle students 7 percent,
and last-born students 38.8 percent. The mean number of siblings in a family is 2.2 and the

maximum is 6.

4 Empirical Framework

For our empirical analysis we consider a value-added model of educational production function
given by:

Y; = B + T;51 + Yifa + Xif33 + u; (1)

SBecause of the Korean government’s traditional leveling policy in secondary education, ability mixing is
widely applied in Korean high schools. As a result, a student’s rank will not vary substantially, whether an entire
school or a single classroom is employed as a reference group for ranking students. We do not attempt to convert
the ranks reported by grade-12 homeroom teachers across the school and class levels, since there is no sufficient
information to objectively support this conversion in the KEEP data set.

"As the KEEP survey collects information on private tutoring during the second semester of grade 11 (as
mentioned in the footnote (3), an assumption required in our analysis is that it takes some time for private
tutoring to take effects in a student’s performance. Otherwise, our measure of a student’s pre-treatment quality
is error-ridden due to the fact that it contains part of short-term effects of private tutoring.
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where Y; is the percentile test score of student i; 7; is the monthly spending on tutoring (in
natural log) for i%; Y; is i’s pre-tutoring performance in grade 11%; X; is the vector of i’s personal
and family backgrounds as well as school characteristics; and wu; is the random error term.

Estimating this model by OLS may fail to produce a causal consistent estimate for (1,
because of the endogeneity problem (i.e. E(T;u;) # 0). If educationally-motivated families
spend more on private tutoring and these families are not appropriately measured, the estimate
for (1 is likely to be biased upwards. If parents determine the expenditure on private tutoring
according to the pre-tutoring performance of the child, then the estimate can also be biased.
For example, if parents tend to spend more on lower performers and less on higher performers,
the estimated is biased downwards. When parents spend less on lower performers and more on
higher performers, the estimated is biased upwards.

In order to deal with such an endogeneity problem, we estimate (1) by 2SLS. The first-stage

model for expenditures on private tutoring is specified as follows:

T; = o + BOm + Yo + Xivs + € (2)

We use two sets of variables for ¢’s birth order BO;. The first set is a dummy variable that takes
1 if 4 is the first-born child in a family and 0 otherwise. The second set consists of a dummy
taking 1 if ¢ is a middle child and 0 otherwise, and another dummy taking 1 if ¢ is a last-born
child and 0 otherwise. The second set of BO; is designed to formally test the validity—IVs
having a significant influence on T;—and relevance—IVs not having an association with u;,—of
birth order as an IV by means of the over-identification test. In the second set of birth order,
the reference group is a group of first-born students.

In a quality/quantity model of fertility, the number of siblings is determined simultaneously

with the human-capital investment in the children (Becker and Tomes 1976). Consequently,

8In order to minimize outlier problems and make the interpretation convenient, the raw amounts of tutoring
spending are converted into the natural log metric. And the log-transformed values are multiplied by 10 so as
to see the changes in Y; associated with 10 percent changes in tutoring spending. In order to deal with zero
spending in the log transformation, a value of 10 is added to every student’s raw value of tutoring spending. The
value of 10 is used since it is the smallest unit of monetary amount reported in the survey (10,000 Korean Won)
and it is about 3.5 percent of the mean expenditure on private tutoring. When a smaller value (e.g. 1) is added
to every expenditure, the results are qualitatively similar.

9Five dummy variables are generated for pre-tutoring performance: first (lowest quality) represents pre-
tutoring performance between 0 and 25th percentiles, second between 25th and 50th percentiles, third between
50th and 75th percentiles, and fourth (highest quality) between 75th and 100th percentiles. The final variable
is an indicator for missing pre-tutoring performance. (About 27 percent of the main-sample students have their
pre-tutoring performance missing.) The reference group is the lowest-quality group.
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if included in (2), the number of siblings is not likely to be exogenous to ¢;. However, failure
to control for it may confound birth order effects with sibship size effects in (2). Noting the
possibility of bias in its estimates, we include the number of siblings in X; of (2) as well as (1).

It is well known that when there is heterogeneity in effects, the treatment effect that is
identified in our 2SLS analysis is local (LATE). Angrist, Imbens, and Rubin (1996) show that
the treatment effects estimated by 2SLS are applicable only to the group or groups whose
behavior is influenced by the instruments. In this sense we are estimating the effect of private
tutoring for those group of students whose amounts of expenditures on private tutoring are likely
to vary according to hypothetically assigned birth order—specifically those whose expenditures
will be higher when they are first-born than when they are later-born (compliers). We do not
identify the treatment effect for a potential group of students whose expenditures on tutoring
are likely to be fixed whether or not they are first-born (never-takers or always-takers). In
addition, we do not identify the treatment effect for those whose expenditures on tutoring will
be always lower when they are first-born than when they are later-born (defiers). To shed
light on heterogeneous treatment effects, below we stratify the entire sample by the level of

pre-tutoring performance, sex, family income and self-rating on usefulness of private tutoring.

5 Estimation Results

5.1 Results with the First-born Indicator as the IV
5.1.1 Reduced-form Results by OLS

Basic OLS results of the effect of expenditures on private tutoring on student performance are
presented in columns (1)-(3) of Table 2. As expected, higher pre-tutoring performances lead to
higher current test scores. A single fatherhood (relative to the presence of both parents) and
parents’ average education level are significantly related to the higher test score of a student.
In contrast, a single motherhood, the number of books at home, family income and parents’
average age are not marginally associated with test scores. While a student’s age and sex have
a strong connection, being an only child and the number of siblings fail to have a significant
bearing with test scores.

In column (3) being a first-born child is not strongly related with higher test scores, even
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if there is a positive connection. Although examining the significance of the effect of being
first-born in an OLS framework is not a formal test for the validity of birth order as an IV—
the consistency of the estimated effect of being first-born depends crucially upon exogeneity of
expenditures on private tutoring—, this finding is suggestive of the possibility that birth order
can be exogenous to u; in (1). The results of a formal test (the over-identification test) will be
presented below.

As regards the expenditures on tutoring, whether or not pre-tutoring performances are
controlled for, the association between tutoring expenditures and percentile test scores (averaged
over the three main subjects) is positive and similar in magnitude. Although it is statistically
significantly different from none, the estimated association is quite small. A 10 percent greater
monthly expenditures on private tutoring is related to nothing but a 0.1 percentile higher
test score. In contrast, weekly hours of self-study, which do not include tutoring hours, are
strongly associated with test scores. One-hour longer weekly hours of self-study are related
to an approximate 0.35-0.52 percentile higher test score.!® The one-hour increase in hours of
self-study (equivalent to a 8.8 percent longer hour than the mean) is roughly 4 to 5 times more
strongly associated with higher test scores than a 10 percent higher expenditure on tutoring.

As explained previously, the association between tutoring expenditures and test scores es-
timated by OLS may not be consistent and causal. Depending the correlation between T; and
u;, the estimate may be biased upwards or downwards. We present causal estimates of 3; when

we discuss the 2SLS estimation results later.

5.1.2 First-stage Results of 2SLS

The results of the first-stage regression of tutoring expenditures are presented in columns (4) and
(5) of Table 2. Whether or not pre-tutoring performances are controlled for, being a first-born
child significantly and positively affects parents’ expenditures on private tutoring. First-born
students receive about 31 to 33 percent more expenditures on tutoring than later-born students.
(Recall that a log of a monthly tutoring expenditure is multiplied by 10.) This implies potential
validity of being first-born as an IV for expenditures on tutoring for a student. Provided that

being first-born has no direct association with test scores, birth order can serve as a legitimate

10The effect of hours of self-study on the test score may not be causal, because both of them are likely to be
simultaneously determined. For an expositional convenience, however, we often compare the effect of tutoring
expenditures with that of hours of self-study.
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instrument for spending on tutoring.

Tutoring expenditures show an inverted-U shape relationship with a student’s pre-tutoring
performance. While parents spend significantly more on students with medium-low prior per-
formance (the 25th and 50th percentiles) than those with the lowest prior performance, the
expenditure start to fall as the level of prior performance rises above the 50th percentile. If a
linear term of prior performance is used rather than dummies, the relationship is significantly
negative—negative 5.115 (s.e. 1.026). This inverse relationship between pre-tutoring perfor-
mance and expenditures on tutoring suggests that the OLS estimates of (1 in (1) are more
likely to be biased downwards than upwards.

Other variables, which significantly affect expenditures on a student’s private tutoring, in-
clude the number of siblings and the variables reflecting a family’s economic strength such as
family income and parents’ average education level. The negative relationship between the sib-
ship size and tutoring expenditures is consistent with a quality/quantity tradeoff in fertility. In
contrast, hours of self-study, single-parenthood, the number of books at home, parents’ age and
a student’s age, sex and only-child status do not have a strong association with the amount of

tutoring expenditures.

5.1.3 Second-stage Results of 2SLS

The causal estimates of the effect of tutoring expenditures on test scores are shown in columns
(6) and (7) of Table 2. When pre-tutoring performances are not controlled for, a 10 percent
increase in the expenditure on private tutoring enhances a student’s performance by 0.83 per-
centile points. Under the value-added specification, the estimate indicates a 0.67 percentile
improvement in test score due to a 10 percent increase in expenditure. Evaluated at the mean
percentile score, the estimates of #; imply a 1.4-1.7 percent increase in test score due to a 10
percent increase in expenditure on private tutoring. At its face value, a 10 percent increase
in tutoring expenditure is roughly equivalent to a 1.6-1.9 more weekly hours of self-study in
enhancing a student’s test score.

Our 2SLS estimates are 6 to 7 times greater than the OLS estimates. This implies that
the OLS estimates are severely biased downwards. As discussed previously, such a bias arises
probably because parents of low-performing students tend to spend more on private tutoring,

other things (especially family income) being equal.
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Although evidence suggests a downward bias in the OLS estimates, the magnitude of im-
provement in test score estimated by 2SLS does not seem to be substantial. As far as one may
argue the reverse, it would be interesting to compare our estimates of the effect of private educa-
tional expenditures with corresponding estimates of previous studies, precision of our estimates
set apart. Unfortunately, existing literature on the effect of private educational expenditures on
test scores is quite scarce. Thus, we rely on estimates of the effect of public school expenditures
on student outcomes in order to gain some perspective of our estimates.

In the analysis of a randomization experiment on class size (Project STAR), Krueger (1999,
Table VII) presents that a one student decrease in class size in grades K to 4 leads to a 0.67-0.88
percentile increase in test score. Evaluated at the mean values of 21 students per class and 51
percentile test score (Appendix Table), these estimates imply a 2.8-3.6 percent improvement in
test score due to a 10 percent decrease in class size and the same amount of increase in per-pupil
expenditure.l’ Compared with Krueger’s (1999) estimates, our estimated effect of expenditures
on private tutoring amount to a half.!?

In terms of earnings in the labor market, Card and Krueger (1996, p.37) summarize that
a 10 percent increase in school spending leads to about a 1-2 percent increase in subsequent
earnings. For example, they report that a reduced-form re-analysis of Card and Krueger (1992)
presents a 1.1 percent increase in weekly earnings associated with a 10 percent reduction in the
average pupil-teacher ratio. On the other hand, other researchers find slightly weaker effects
on earnings. Betts (1995) suggests that a 10 percent reduction in the average teacher-pupil
ratio leads to a 0.4 percent increase in earnings. Grogger (1996) shows a 10 percent increase
in mean spending per student leads to a 0.7 percent increase in wages. Our estimated effect
of expenditures on private tutoring seems to be fairly comparable to the estimated effects of
school expenditures on earnings, although ours are on a slightly higher side.

Nonetheless, it is necessary to note that our 2SLS estimates are not precisely estimated
and statistically indistinguishable from zero effect. Therefore, we cannot completely rule out
a possibility that private expenditures on tutoring may have no causal influences on student

academic performance.

UK rueger (2003, F55-F56) infers that one percent decrease in class size will be approximately converted into
the same amount of percentage increase in annual per pupil cost.

1211 contrast, Hanushek (1986, 1997) summarizes that public school expenditures produce little if any measur-
able improvement in students’ academic performance in school. In addition, Hanushek (1999) raises questions on
the credibility of the effects of small classes reported in Krueger (1999).
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5.2 Results with the Middle and Last-born Indicators as the IV

A merit of having detailed information on siblings in the KEEP data is that we can examine
the effect of being born at different parities on the expenditures on private tutoring. Although
such an analysis might be of its own interest, we can use this merit in our estimation of the
effect of tutoring on student performance by exploiting the fact that the first-born instrument
can be converted into two instruments. In particular, two separate indicators, middle-born and
last-born, can be generated as potential instruments.'® These two new instruments lead us to
an over-identified model in which it is possible to more formally test the validity of birth order
as an IV.

The results of the first and second-stage regressions with the two instruments are shown
Table 3. There is essentially little change in the first-stage estimates when the middle and
last-born indicators are employed as IVs. As shown previously, tutoring expenditures show
an inverted-U shape relationship with a student’s pre-tutoring performance. The number of
siblings, the family income and parents’ average education level strongly affect the expenditures
on private tutoring of a student. Hours of self-study, a single-parenthood, the number of books
at home, parents’ age and a student’s age, sex and only-child status, however, do not have a
strong association.

The first-stage results also show that a student’s birth order significantly affects parents’
educational expenditures on her. Relative to first-born students, last-born students receive sig-
nificantly less expenditures on private tutoring. The amount of spending for last-borns is about
33-35 percent lower than for first-borns. Middle students also receive smaller amount of educa-
tional expenditures than first-borns. The amount of spending on tutoring for middle students
is about 17-18 percent lower than for first-borns. The difference in spending between middle
and first-born students, however, is statistically indistinguishable from zero. Nevertheless, the
middle and last-born indicators are jointly significant. From column (2) the F-test statistic for
the joint significance of these two variables is 7.65, and the p-value is less than 0.001. This

implies that the two IVs are jointly strong enough to serve as valid IVs.!4

13Theories suggest that middle-born children may receive either more or less investments in eduction than
first-born and last-born. See Section 2.

“Bound, Jaeger, and Baker (1995) show that the F statistic on the excluded instruments in the first-stage
estimation of IV contains valuable information about the magnitude of the finite-sample bias. They warn that F
statistics close to 1 should be cause for concern.
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When the first-born indicator is replaced with the middle and last-born indicators, the causal
estimates of the expenditures on private tutoring on a student’s performance slightly fall. A 10
percent increase in the expenditure on private tutoring enhances a student’s average test score
by 0.64-0.77 percentile points. Still, these amounts of the effect are 6-7 times greater than those
estimated by OLS. The magnitude of improvement in test score estimated by 2SLS seems to be
modest compared with other studies on the effectiveness of school resources. Again, since the
2S5LS estimates are not precisely estimated, the true effect of expenditures on private tutoring
is likely to none.

The over-identification test confirms that the middle and last-born indicators are valid in-
struments. Whether or not pre-tutoring performances are controlled for, the p-value of the test
is far above 0.1 in columns (3) and (4) of Table 3. That is, the two variables of birth order are

uncorrelated with the error term and correctly excluded from the main equation (1).

5.3 Effects of Tutoring Hours on Subject Test Scores

In the preceding sections we examine the effect of expenditures on private tutoring on a stu-
dent’s test score averaged over three subjects (math, the Korean language and English). In
fact, the tutoring expenditures used in previous regressions are total spending on tutoring that
is paid by parents for unspecified kinds and subjects of private tutoring for a month on average.
Consequently, if a student receives private tutoring for other subjects than math, the Korean
language and English, the expenditures on private tutoring are contaminated by measurement
errors. If such errors are widespread, the effect of tutoring expenditures on performance esti-
mated by OLS is biased toward zero effect, although the 2SLS estimates will be relatively less
severely affected.

In this section, instead of using undifferentiated total expenditures on private tutoring, we
employ weekly average tutoring hours and percentile test scores for each particular subject. The
OLS and 2SLS estimation results for each subject are documented in Table 4. The value-added
specifications with controls for pre-tutoring performance are employed for OLS and 2SLS.

There are five numbered columns in the table. The OLS estimates are reported in column
(5) as a basis. And we implement two versions of 2SLS. The first version uses the first-born
indicator as an IV. Its first-stage and second-stage results are presented in columns (1) and (3),

respectively. The second version employs the middle and last-born indicators as IVs. Columns
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(2) and (4) show the first-stage and second-stage results, respectively. F statistic on the excluded
instruments in the first-stage estimation and p-value of the over-identification test are also
reported in columns (2) and (4), respectively.

As shown previously, the OLS estimates indicate quite a small association between tutoring
hours and test scores for all three subjects. A one-hour longer tutoring is related to only a
0.01-0.2 percentile higher subject test score. When we examine the causal effect of tutoring for
each subject by 2SLS, however, some different trends emerge for different subjects.

First, math tutoring has little effect on enhancing the math test score. The 2SLS estimates
show a negative impact of math tutoring on the test score, although they are statistically
indistinguishable from zero effect. Second, tutoring for English is found efficient on improving
the English test score. The 2SLS estimates imply that a one-hour increase in weekly tutoring
hours causes a 0.6 percentile point increase in the English test score. This amount of effect is
fairly precisely estimated. To put the estimate in perspective, a one hour of weekly tutoring is
equivalent to 1.4 hours of self-study for English. Third, tutoring for the Korean language also
seems to be effective in improving the test score, while caution is needed in interpretation. The
2SLS estimates suggest a 1.1-1.2 percentile point increase in the test score due to a one-hour
increase in weekly tutoring hours. A one-hour increase in weekly tutoring hours is comparable
to 4.7-5.3 hours of self-study. These estimates, however, are imprecisely estimated. As a result,
we cannot rule out a possibility that tutoring for the Korean language has no effect on the test
score.

For all three subjects, a student’s birth order serves as a valid IV. First-born students receive
significantly greater investments in private tutoring than later-born students. When the middle
and last-born indicators are used, F statistics on excluded IVs in the first-stage estimation and

p-values of the over-identification test confirm the validity of these variables as IVs.

5.4 Heterogeneity in the Effect of Private Tutoring

As mentioned previously, when there is heterogeneity in effects, the treatment effect that is
identified in our analysis is a local treatment effect. That is, we are basically estimating the
effect of private tutoring for those group of students whose amounts of expenditures on pri-
vate tutoring are likely to be affected by birth order. Although it is not possible to a priori

distinguish between those group of students whose private tutoring is influenced by birth or-
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der and those not, it would be illuminating to see if there exists heterogeneity in effect along
measured dimensions of student and family characteristics. In order to address heterogeneity
in the treatment effect, below we stratify the main sample by four measured dimensions: the
level of pre-tutoring performance, sex, family income and self-rating on the usefulness of private
tutoring. In empirical analysis we employ the total monthly expenditures on private tutoring
for unspecified subjects, and the percentile test scores averaged over math, the Korean language

and English.

5.4.1 Level of Pre-tutoring Performance

According to the pre-tutoring performance reported by grade 12 homeroom teachers, we split
the main sample into three sub-samples: bottom-third, middle-third and top-third samples.
The OLS and 2SLS estimation results for each sub-sample are documented in Table 5. Here
and in subsequent tables, we follow the format of Table 4. The OLS estimates are reported in
column (5). The first and second-stage results of 2SLS which uses the first-born indicator as
an IV are shown in columns (1) and (3), respectively. Those of 2SLS which employs the middle
and last-born indicators as IVs are shown in columns (2) and (4).

For each level of pre-tutoring performance, the OLS estimates imply a small association
between expenditures on tutoring and test scores. A 10 percent larger expenditure on tutoring
is related to only a 0.2 percentile points higher test score. The size of the association seems to
vary little across different levels of pre-tutoring performance.

For students whose pre-tutoring performances are in the bottom third (panel A), birth order
significantly affects tutoring expenditures. First-born students receive about 51 percent more
expenditures on tutoring than later-born students. From column (2), the amounts of tutoring
spending for middle and last-born students are about 68 and 49 percent smaller than for first-
born students. And the 2SLS estimates suggest a modest increase in test score due to the
increase in expenditures on tutoring. A 10 percent more spending increases a student’s test
score by a 0.62-0.69 percentile points. These amounts are equivalent to 2.8-3.2 weekly hours
of self-study. Yet we do not rule out a possibility that tutoring for low ability students has no
effect on test outcome, since the 2SLS estimates are not precisely estimated.

For other students whose pre-tutoring performances are in the middle (panel B) and top
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thirds (panel C), birth order does not seem to significantly affect the tutoring expenditures.!?

Birth order is much less effective in explaining the variation of tutoring expenditures for stu-
dents with middle-level pre-tutoring performances than for those with high-level pre-tutoring
performance. For the high-level students, the significance levels of the first-born indicator in
column (1)—t-value is 1.90—and the last-born indicator in column (3)—t-value is 1.94—are on
the borderline.

Although the validity of IVs is more or less questionable, the 2SLS estimates suggest a
modest increase in test score due to the increase in expenditures on tutoring. For the middle-
third students, a 10 percent more spending on tutoring increases a student’s test score by a
0.54-1.30 percentile points. For the top-third students, a 10 percent more spending enhances
the test score by a 0.48-0.54 percentile points. Likewise, since the 2SLS estimates are not

precisely estimated, it is possible that expenditures on tutoring has no effect on test outcome.

5.4.2 Sex

The OLS and 2SLS estimation results for each sex are documented in Table 6. For both male
and female students, birth order significantly affects tutoring expenditures. First-born boys and
girls receive about 31 and 28 percent more expenditures on tutoring than later-born siblings,
respectively. The amounts of tutoring spending for middle and last-born students are smaller
than for first-born students. The two indicators are jointly strong enough to serve as valid I'Vs.

The 2SLS estimates show a stronger positive effect of private tutoring for boys than for girls.
While a 10 percent more spending on tutoring enhances a female student’s test score only by
0.25-0.28 percentile points, the same amount of spending increases a male student’s score by
0.69-0.91 percentile points. Again, the 2SLS estimates are imprecisely estimated. Hence we do

not rule out a possibility that expenditures on private tutoring has no influences on test scores.

151t is not clear whether non-influence of birth order on tutoring expenditures for the middle-third and top-third
students implies the 2SLS estimates in Tables 2 and 3 are applicable only to the group of bottom-third students.
Since the first-stage regressions are estimated by OLS, the significance of the estimates not only depends on the
true relationship between birth order and tutoring expenditures, but the sample size. The sample size becomes
smaller when the entire sample is stratified according to pre-tutoring performance.
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5.4.3 Family Income

According to the total family income reported in the KEEP data, we split the main sample into
three sub-samples: low-income, mid-income and high-income family samples.'® The low-income
families are those whose total monthly income is less than 2 million Won (roughly equivalent
to US$1,675)—the first (lowest) quartile of the sample distribution of family income. The mid-
income families are those whose total monthly income is between 2 million Won and 4 million
Won (US$3,350)—the third quartile of the sample distribution of family income. The high-
income families are those whose monthly income is greater than or equal to 4 million Won. The
OLS and 2SLS estimation results for each family income group are presented in Table 7.

Birth order significantly affects tutoring expenditures only for students from mid-income
families. For this group, first-born students receive about 48 percent more expenditures on
tutoring than later-born students. The amount of tutoring spending for middle and last-born
students is 34 and 50 percent smaller than for first-born students, respectively. For students
from low-income and high-income families, first-born children receive more expenditures on
tutoring than later-born siblings. The estimates, however, are not significantly different from
Zero.

The estimates for mid-income students imply that a 10 percent increase in expenditures
on tutoring leads to a 0.43 percentile point increase in test score. This size of improvement
seems modest. As the estimates are imprecisely estimated, it is not ruled out that the effect
of expenditures on private tutoring may be none. Although the validity of IVs is questionable,
expenditures on tutoring for low and mid-income students seem to slightly increase test scores.
A 10 percent more spending on tutoring enhances a low-income and high-income student’s test
score by a 0.56 and 0.62-0.78 percentile points, respectively. Again, these estimates are not
precisely estimated. Overall, the causal effect of expenditures on private tutoring does not vary

substantially according to family income of a student.

5.4.4 Self-rating on the Usefulness of Private Tutoring

Here the main sample is divided according to whether a student personally regard tutoring as

useful. According to an opinion questionnaire in the KEEP data, about 61 percent of students in

16Total family income includes average monthly labor incomes of family members residing in the household
and their financial incomes.
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our main sample believe that private tutoring is either very useful or useful in a five-point scale.
When the focus is narrowed on those who have experienced private tutoring, this proportion is
about 66 percent. Given the opinion of students, it would be illuminating to examine whether
the effect of private tutoring in fact is greater among those who rate it to be useful than among
those not. The OLS and 2SLS estimation results for each group are presented in Table 8.

Whether or not students consider private tutoring to be useful for their performance, birth
order significantly affects tutoring expenditures. First-born students receive about 26-30 per-
cent more expenditures on private tutoring than later-born students. The amount of tutoring
spending for middle and last-born students is smaller than for first-born students. The exception
is the expenditures on tutoring for middle children in the group of students who rate private
tutoring not useful. Their amount of expenditures on tutoring is not significantly different from
those for first-born children. Yet F statistic in column (2) and p-value of the over-identification
test in column (4) suggest that the middle and last-born indicators are jointly strong enough to
serve as valid IVs.

Contrary to an expectation that the effect of private tutoring is stronger for those rating
it useful than for those rating it not useful, the estimated causal effect is greater for the for-
mer group. While a 10 percent more spending on tutoring enhances test scores only by 0.33
percentile points for those students who rate private tutoring to be useful, the same amount of
spending increases test scores by 1.1-1.3 percentile points for those rating it not useful. The
2SLS estimates, however, are imprecisely estimated. Hence it is not unlikely that expenditures
on private tutoring has no influences on test scores for both groups of students.

In sum, the examination of heterogeneity in the treatment effect along measurable dimen-
sions of student characteristics reveals no considerable differences in the effect of tutoring ex-
penditures. While there exist differences in estimated effect between boy and girl students, and
between students rating private tutoring useful and not useful among other dimensions, the
size of the difference is within the range of statistical errors. Although the imprecision of 2SLS
estimates limits an interpretation, the 2SLS estimates reported in Tables 2 and 3 do not seem

to represent a very narrow group of students.
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5.5 Robustness: Missing Test Scores Included
5.5.1 Decision to Take the Test

According to Table 1, about 13.4 percent of students in the main sample do not take CSAT
and hence have no test scores. If test-writing decisions of students are systematically related
with their either observable or unobservable characteristics, then our 2SLS estimates will be
biased due to a sample-selection problem. To address such a possibility, we estimate a linear
probability model for a student’s decision to take CSAT, using the same specification as in
(1) and (2) except that Y; is replaced by an indicator for no test-writing. The OLS and 2SLS
estimation results are shown in Table 9.

The OLS estimate in column (5) suggests that expenditures on private tutoring are positively
associated with test-writing decisions. The size of the association, however, is not significantly
different from zero. The 2SLS estimates in columns (3) and (4) also suggest no strong rela-
tionship between expenditures on private tutoring and test-writing behavior. The estimation
results suggest that missing test scores of some students which may take place in association
with expenditures on private tutoring is not likely to cause a serious bias in our 2SLS estimates.

On the other hand, a student’s hours of self-study and pre-tutoring performance significantly
affect the decision to take CSAT. Both of the variables are strongly and positively related with
test-writing behavior. These two variables may not be a concern for the consistency of 2SLS
estimates when they are uncorrelated with expenditures on private tutoring. However, it is
hard to believe they are so. As long as students who have lower pre-tutoring performance
and shorter hours of self-study, hence require greater expenditures on private tutoring by their
parents systematically choose not to take the test, the strong correlation between a student’s
hours of self-study, pre-tutoring performance and test-writing decision may lead to a bias in our

2SLS estimates. We address such a potential bias next.

5.5.2 Considerations for Missing Test Scores

To deal with a potential sample selection due to systematic test-writing behaviors, we replace
missing test scores with those that are randomly generated in reference to a student’s pre-

tutoring performance.'” Specifically, we rely on the following method to fill missing test scores.

1"The Heckman’s method for correcting a sample-selection problem is not well applied in our context due to
the absence of an appropriate variable that explains the selection process, while not affecting one’s test score.
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When a student’s test score is missing while her pre-tutoring performance is available in the
data, we assign a hypothetical test score (Y;) which is randomly generated by the formula given
by:

Y; =Y+ 5x v (3)

where Y; is i’s observed percentile value of the pre-tutoring performance in grade 11, and v;
is a random number from N(0,1). In order to give a sufficient range of randomness in test
score, a factor of 5 is multiplied to v;. Next, if both a student’s test score and her pre-tutoring

performance are not available in the data, we employ the following assignment process:

Yi=m (4)

where 7; is a random number from a uniform distribution between 0 and 10. The reason for
using the range between 0 and 10 is because Table 9 suggests that those not taking the test
are likely to be low-performers than medium- or high-performers. By keeping simulated test
scores at a low level, we attempt to take precautions against a potential downward bias of our
estimates of the effect of private tutoring.'® According to the preceding procedures, a total of
235 missing test score are substituted for. Their average value and standard deviation are 38.5
and 33.9, respectively.

The OLS and 2SLS estimation results with missing test scores plugged in are shown in Table
10. For convenience of comparison, we report the results for the total sample as well as the
three sub-samples stratified by pre-tutoring performance.

Similar to our main results in Tables 2, 3 and 5, birth order serves as a legitimate IV for the
total sample and the sub-sample of students with low pre-tutoring performances. For students
with medium and high pre-tutoring performances, however, its role as a valid IV is more or less
questionable. The first-born indicator in column (1) and the middle and last-born indicators in
column (2) have a borderline significance.

If missing test scores are replaced by the preceding procedures, the causal effect of private
tutoring expenditures on performance is more precisely estimated. For the whole sample, a 10

percent increase in expenditure on private tutoring enhances a student’s performance by 0.95-

18Here, we use a factor of 5 in (3) and 10 in (4) for generating a hypothetical test score for a student whose
test score is unknown. When we employ other values than 5 and 10, however, there are no substantial qualitative
differences in the results. The results under different values are available upon request.
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0.98 percentile points. These amounts of the effect are significantly different from zero effect. Yet
the effect does not seem considerable. Evaluated at the mean percentile test score, a 10 percent
increase in expenditure leads to a 2.0-2.1 percent increase in student performance. Although
this is on the large side for the estimated effect of public school expenditures summarized by
Card and Krueger (1996), it is modest compared with Krueger’s (1999) estimated effect of class
size reduction.!®

If the whole sample is divided by the pre-tutoring performance of a students, the results are
basically similar to those in Table 5. Although the 2SLS estimates are not precisely estimated, a
10 percent more spending on tutoring generates the improvement in student performance by 0.6,

0.5 and 1.6 percentile points for bottom-third, middle-third and top-third students, respectively.

Again, these amount of the effects are relatively modest.

6 Concluding Remarks

In order to shed light on the debates on the effectiveness of educational investments on student
outcomes, this paper examines the causal effect of private educational expenditures (expen-
ditures on private tutoring in South Korea) on student standardized test scores. Given that
educational expenditures on a student are not exogenously and randomly determined, the pa-
per exploits that parents favor a certain-parity child (e.g. first-born) in education, while her
academic capability can be little affected by birth order in the family.

From the analysis of expenditures on private tutoring, it is revealed that holding other fac-
tors constant, birth order significantly influences the amount of educational investment received
by a student. First-born students are invested by parents significantly greater amount of money
than later-born students. When birth order is sub-divided by first-born, middle and last-born
indicators, last-born students receive significantly lower amount of expenditures on private tu-
toring than first-born students. In contrast, expenditures on private tutoring received by middle
students do not seem to be significantly different from those for first-born students.

OLS estimates of the relationship between expenditures on private tutoring and student test

90ur estimated effect of expenditures on tutoring under simulation is dwarfed by a meta-analysis of Hedges,
Laine, and Greenwald (1994) which yields an estimate that a 10 percent increase in public school expenditure
produces an improvement in student performance of approximately 0.7 standard deviations. This amount is
equivalent to 16.2 percentile point improvement in test score in our metric. The summary of Hedges, Laine, and
Greenwald (1994) are, however, criticized by Hanushek (1997) for being biased in favor of large positive effects
of school expenditures.
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scores are likely to biased downwards due to a potential negative correlation between student
pre-tutoring capability and expenditures on private tutoring. The negative bias seems to exist
in OLS estimates. Although they are statistically significantly different from none, the OLS
estimates suggest that a 10 percent greater monthly expenditure on private tutoring is related
to nothing but a 0.1 percentile higher test score. The causal estimates of the relationship
estimated by 2SLS confirm a downward bias in OLS estimates. The 2SLS estimates imply a
0.67 percentile improvement in test score due to a 10 percent increase in expenditure on private
tutoring. Evaluated at the mean value, this amount of effect is modest and equivalent to a
1.4 percent increase in test score. Our estimated effect is fairly comparable to the effects of
public school expenditures on earnings estimated by previous studies. Nonetheless, as our 25LS
estimates are not precisely estimated, a possibility cannot be completely ruled out that private
expenditures on tutoring may have no causal influences on student academic performance.

By the local nature of 2SLS estimates, the effect of private tutoring identified by our 2S5LS
method is drawn from the group of students whose amounts of expenditures on private tutoring
are likely to be affected by birth order. Generally, we cannot a priori tell which students belong
to such a group. To illuminate heterogeneity in treatment effects, we stratify the entire sample
by the level of pre-tutoring performance, sex, family income and self-rating on usefulness of
private tutoring. FExamination on the sub-samples reveals no considerable differences in the
effect of tutoring expenditures. While there exist differences in estimated effect between boy
and girl students, and between students rating private tutoring useful and not useful among
other dimensions, the size of the differences is within the range of statistical error.

We also examine a potential sample selection that may arise from systematic test-writing
behaviors of students. When missing test scores are replaced by simulated scores, the 2SLS
estimates slightly rise above those obtained from the actual sample, and the size seems to be
still modest. A 10 percent increase in expenditures on private tutoring enhances a student’s
performance by 0.95-0.98 percentile points. Again, since these estimates are imprecisely esti-
mated, it is not unlikely that expenditures on private tutoring do not affect student academic

performance.
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