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Abstract

It is important to investigate the effectiveness of vocational high schools since gov-
ernance expenditure on them was large compared to general high schools. This paper
evaluates the impact of vocational high school on labor market in Korea. As a mea-
sure of the efficacy of the vocational high school, I use the wage data from the Korean
Labor and Income Panel Study (KLIPS). Restricting the dataset to high-school gradu-
ates only, the comparison of general high schools and vocational high schools is made
in a modified Mincerian equation. It is impossible to estimate returns to vocational
education in secondary schools via OLS due to the endogeneity problem arising from
the negative relationship between and choices of vocational high school type and stu-
dents’ ability. I rely on the exogenous changes in the educational distribution of in-
dividuals caused by the variation in the aggregate enrollment rates, which have been
set and controlled by the Korean Ministry of Education and Human Resources Devel-
opment. Thus, the preset capacity of each school is used as an instrumental variable
for the choice of school. From this novel IV estimation, vocational high school gives
greater returns to graduates in the sense of local average treatment effects. I find that
enrollment in vocational high school gives about 30 percent higher wages than en-
rollment in general high school. This study also shows that the usual OLS estimates
underestimate the effect of vocational high school on the wages while the IV estimates
eliminate the downward bias generated by the selection problem. The result of this
paper is contrary to the previous studies showing that vocational high school scarcely
affects wages.

∗I am deeply indebted to my advisor Geert Ridder for his enormously valuable advice and comments.
I would also like to thank to John Ham, Hyeok Jeong, Hyungsik Roger Moon, Heonjae Song, and John
Strauss for their valuable comments and suggestions.
†Department of Economics, University of Southern California, Kaprielian Hall 300, Los Angeles, CA

90089. (E-mail: bokim@usc.edu.)

mailto:bokim@usc.edu


1 Introduction

During the last half century, Korea has experienced a large expansion in secondary as well
as primary education. Unlike the U.S., Korea has two different institutions for secondary
education: general high school and vocational high school. Vocational high schools have
trained a number of students, and the graduates have played important roles in the man-
ufacturing and commercial sectors. Meanwhile, their counterpart in the secondary edu-
cation system, general high schools, focused on the development of the academic ability
required in higher education. Until the mid-1990s, the demand for vocational high school
education was large enough. Since the 1990s, however, the number of applicants for vo-
cational high school has decreased radically and these schools could not fill their assigned
capacities in 1999. In 1995, 42.2 percent of high-school students went to vocational high
school, but only 30.7 percent were vocational high school students in 2003.

To analyze these phenomena, a few economists in Korea recently tried to estimate
the returns on investment in vocational high school (Chae, 2004; Nam, 2005). Both stud-
ies show that there is no significant evidence of returns to vocational high school com-
pared to general high school, particularly in the case of workers who graduated from
high school and did not go to college. The dataset from the Korean Youth Panel Surveys,
which started in 2003, were used in their studies. Moreover, the sign of the coefficients
in relation to returns to vocational education is negative, even if the effects are found to
be insignificant. Nam (2005) argues that when considering the greater expenditure on
vocational high schools than on general high schools in order to maintain expensive ma-
chinery and other facilities, vocational education at the high-school level is so inefficient
that we should consider a reform of secondary education system in Korea. But these two
studies did not control the endogeneity problem arising from self-selection and did not
control ability bias, which has been most frequently observed and considered in a num-
ber of the returns-to-education studies. The primary reason for these studies’ failure to
deal with ability bias, in particular, lies in the lack of data.

According to Griliches (1977), Willis and Rosen (1979), and Card (1995a, 1999, 2001),
a primary empirical challenge arises when estimating wage differentials created by dif-
ferent education levels: controlling for selection bias or ability bias. Estimating the earn-
ings effect of graduating from vocational high school for individuals is more complicated
than just comparing the earnings of graduates of general high school and vocational high
school because of the endogeneity problems caused by this selection bias or ability bias.
One selection effect that might lead to an understatement of the benefit of vocational
high school, or overstatement of the benefits of general high school, can be observed
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in that many vocational high-school students could not or would not attend a general
high school because they had a low GPA, did not get a high score on the middle-school
graduation examination or found it profitable to go to vocational school and participate
directly in the labor market without a college degree. For simplicity’s sake, it is possible
to say that more able students went to general high school while less able students went
to vocational high school, a conclusion that is reported in the studies in the collection of
vocational education literature in Korea (Kang, 1999).

Unfortunately, direct information on ability—such as exam scores, IQ tests, etc.—is
strictly limited in Korea, and is not included in the dataset used for this paper. The limita-
tion of the dataset makes estimation of returns to vocational high school more difficult. As
argued by Griliches and Mason (1972) and Griliches (1977), an explicit inclusion of abil-
ity measure—for example, IQ tests—can eliminate the bias caused by omitted-variable
problems. Even if such data were available, however, the measurement-error problem
would severely constrain the usefulness of ability measures. The ability measure which
is collected or reported in transcripts is not a perfect proxy that can capture every un-
observable ability. Blackburn and Neumark (1993) suggest an upward bias in the least
squares estimates if one includes an explicit proxy for ability. Rather, that proxy has been
used for controlling some ability bias in the tradition of the self-selection model that has
been used since Willis and Rosen (1979).

In this situation, a convincing analysis of the causal link between education and earn-
ings should seek an exogenous source of variation in education choices. Natural varia-
tions in data caused by exogenous influences on the schooling decision have been used
in many papers in the last two decades (Angrist and Krueger, 1991; Kane and Rouse,
1993; Butcher and Case, 1994; Card, 1995b). Angrist and Krueger (1991) employed a nat-
ural experiment instrument strategy, assuming that quarter of birth is uncorrelated with
wages except through their effects on education via school-start age policy and compul-
sory school-attendance laws. Card (1995b) and Kane and Rouse (1993) used geographic
proximity to educational institutions on the grounds that people living near a college are
more likely to avail themselves of the facility than those living farther from colleges. In
addition, Butcher and Case (1994) use sibling composition in the household to provide
instruments for schooling for women. The above studies and others’ papers using similar
approaches suggest that the estimated returns to education in the U.S. are biased down-
ward in an ordinary least squares (OLS) regression.

In this paper, I adopt the same IV approach used by the above authors. I rely on the
exogenous changes in the educational distribution of individuals caused by the variation
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in the aggregate enrollment rates, which have been set and controlled by the Korean Min-
istry of Education and Human Resources Development. Using data from the fourth wave
of the Korean Labor Income Panel Study (KLIPS), I find that persons who went to voca-
tional high schools in the school district with more vocational high schools than other
districts have significantly higher wages than workers with secondary education alone
done in general high schools in the same school district, when instrumental variables (IV)
estimation is used. Furthermore, IV estimates of returns to vocational high school are
larger than OLS estimates by more than 45-50%, which is consistent with the previous
studies using IV to estimate returns to education. Contrary to the widespread skepticism
regarding the value of a vocational education in secondary-education institutions, the
estimated returns to vocational high schools are remarkably high compared to those of
general high schools if one restricts the sample to high-school graduates with no college
degree.

Section 2 provides information about the Korean secondary education system and
describes the role of vocational high schools. Section 3 outlines the dataset used in the
paper, and the preliminary estimates by OLS regression are given in Section 4. Section 5
justifies the identification source to be used for controlling the endogeneity problem in
this paper and shows the estimated coefficients obtained through IV estimation. Section 6
concludes.

2 Vocational High School in Korea

2.1 High-School System in Korea

In Korea, students from grades 10 through 12 attend high schools. Middle-school gradu-
ates or those with an equivalent academic background, usually about age 15, are admitted
to high schools. Students bear the expenses of their high-school education, which lasts
three years. However, a student may choose the class he or she wishes to take for liberal
arts. High schools in South Korea may also have subject specialty tracks. There are two
types of high schools in the Republic of Korea: general and vocational. University-bound
students may choose to go to Inmun-Gyae godeung hakgyo a general high school, while
other students may choose Silup-Gyae godeung hakgyo, a vocational high school, which
emphasizes agriculture, commerce, or technical trade curricula.

Applicants for vocational high schools (covering agriculture, engineering, business
and maritime studies) have a choice of schools and are admitted through examinations
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administered by each school. The curriculum at vocational high schools is usually 40-60
percent general courses with the remainder being vocational courses. As of 2002, there
were 741 vocational high schools with 535,363 students.

Among general high schools, there are several specialized high schools in the areas of
arts, physical education, science, and foreign languages. Courses at general high schools
tend to center around preparing students to enter universities. As of 2002, there were
1,254 general high schools with 1.22 million students. When one considers both types of
high school together, the proportion of middle-school graduates advancing to high school
was 99.5 percent in 2002.

Traditionally, entrance examinations to individual high schools for most students were
largely symbolic. Examinations were extremely challenging only for those who tried to
move upward into a better-rated high school. The progress of a middle-school graduate
to high school was largely a function of his or her parents’ financial ability. This kind
of entrance examination by individual high schools was, however, abolished in 1974. In-
stead, admission was based on middle-school grade point average (GPA) and records and
on the scores on the national qualifying or “selection” examination, established in order
to limit the number of high-school students. While successful applicants for general high
schools are assigned to a school by a lottery system, applicants to vocational high schools
compete based on the school’s own examination or the student’s middle-school record.

2.2 The Role of Vocational High Schools

The role of vocational high schools in the labor market is important, considering the path
from school to work in Korea. First, vocational high schools and junior colleges are more
active in assisting their graduates to find jobs compared to universities. Since the public
employment service plays an almost negligible role in assisting students to find employ-
ment in Korea, the training program given by vocational high school is more effective
for new workers with only high-school certificates. For example, most of the commercial
vocational high schools design their programs to prepare their students for information-
processing jobs in the computerized work environment. The vocational high school im-
plements a better school-to-industry transition path than the general high school. When a
student completes the yearlong work-experience program in the third year of vocational
high school, she or he can obtain a high-school diploma. In the sense that work expe-
rience before graduation, including fieldwork practice, is an important factor in finding
jobs, the education in a vocational high school may produce better results than that in
a general high school. In addition, a survey developed by the Korea Research Institute
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for Vocational Education and Training (KRIVET) reported that among the government-
funded re-employment training programs, those run by the higher education institutions
were found to do the least work to find jobs for the trainees (Kang, 1999). Thus vocational
education in secondary school has been thought to play a more important role in teaching
new skills for some sectors such as manufacturing. As a cornerstone of upper secondary
education, vocational education effectively served the rapidly developing economy dur-
ing the initial stages of industrialization in Korea.

In 1990, the Korean government passed a law obligating local authorities to increase
enrollment in vocational high schools equal to that of academically oriented institutions
in spite of the rising higher-educational aspirations of the people. The government strongly
emphasized this policy in order to supply a workforce from vocational high schools to
the manufacturing and construction industries. As a result, vocational high-school en-
rollment figures increased from 35.5% in 1990 to 42.2% in 1995.

However, the government policy has been sharply criticized by educators and some
industrial-policy experts because of some structural problems vocational high schools
faced. A closed and unchanging teaching force has been, over a decade, the major ob-
stacle to much-needed changes in curriculum. Programs and curricular content in a vo-
cational education have not adapted themselves to changing industrial demands. As a
result, the dropout rate in vocational high schools continues to increase. Also, the em-
ployment capacity in the sectors which had once demanded a large number of vocational
high-school graduates gradually shrank, and vocational education delivered in secondary
schools rapidly lost its appeal. Thus, vocational high schools became the failing half of
upper secondary education, undermining the foundation of government policy since 1990
to expand vocational high schools in their current form (Nam, 2005).

3 Data

The data used in this paper are the Korean Labor Income Panel Study (KLIPS) conducted
by the Korean Labor Institute (KLI). It is a longitudinal survey that originally sampled
5,000 households and 13,321 individuals belonging to those households since 1998. The
survey has been conducted annually and currently eight waves (1998-2005) have been re-
leased. It mainly focuses on the income, wealth and expenditure of the household and on
the labor status and demographic information of individuals. However, this survey has
disadvantages in that the information about education is not detailed enough to reveal
the type of high school the respondents attended. This problem is commonly found in
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Table 1: Education Level Completed

Mean
(%)

Over college 32.7
General college 20.7

Vocational junior college 11.7
Other college 0.3

Over high school 71.8
General high school 43.6

Vocational high school 27.5
GE 0.7

Less high school 28.2
N 5046

Note: Table reports the percentage of the highest schooling level for the individuals who were working in 2001.

all the surveys done in Korea. Even though type of high school was surveyed in the first
two years of KLIPS, the coverage is limited. Few high-school graduates report whether
they attended a vocational or general high school. Only in the fourth wave, in 2001, did
the study provide information about type of high school, region where the high school
resided and year of entry. This is why I have chosen to use data from the 2001 fourth-
wave survey. The fourth-wave data consists of 4,248 households and 11,651 individuals.
A worse problem is, however, unlike the National Longitudinal Survey of Youth (NLSY)
or National Longitudinal Survey of the High School Class of 1972 (NLS-72), KLIPS has
no direct information on ability such as exam scores, GPA and IQ tests, etc. Korean law
restricts the collection of this type of information, and thus the data related to ability
measure is not included in my dataset.

Several criteria govern the creation of the sample. First, I limited the analysis to those
who were working in 2001. Table 1 shows the percentage of education level completed
of the employed. 71.8 percent of people had attended high schools. In particular, 27.5
percent of the whole sample attended vocational high schools. Compared to 32.7 percent
of college graduates, the ratio of vocational high-school graduates in the total sample is
large enough to justify the study of the effects of vocational education at the high-school
level.

Second, I only include those sample members who participated in any high school
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since I seek to find the effect of solely vocational high school. If respondents with less
than a high-school education are considered in the analysis, the estimation is more com-
plicated than one which focuses only on the wage differentials between the treatment
group (vocational high-school graduates) and the comparison group (general high-school
graduates). For convenience, I use the respondents who have finished their high-school
education.

The key variables used in this paper are reported in Table 2 where Column (1) contains
the summary statistics of the whole sample, while Column (2) has the summary statistics
of the workers who never went to college and Column (3) shows the summary statistics
of the workers who entered college. The mean wage of the vocational high-school grad-
uates is smaller than that of the general high-school graduates. As shown in Column
(2), however, when one considers only high-school graduates who did not go to college,
the mean wages of the vocational and general high-school graduates are almost same.
Among the groups who entered high school but did not attain a college-level education,
the graduates of vocational high schools earn as much as those of general high schools.

The rates of entering college are also different between general high schools and vo-
cational high schools. As shown in Section 2, the aims are different and the selected
students in each school do not have the same levels of academic or nonacademic abil-
ity. It is noticeable that about 60 percent of students in general high school advanced to
higher education while only a quarter of vocational high-school students obtained ad-
mission to a college. It should also be noted that vocational high-school students were
more likely to go to vocational junior colleges rather than general colleges if they entered
post-secondary institutions at all.

Comparing the average wage between college graduates in Column (3) and the work-
ers who completed only secondary education in Column (2) leads to large differentials
in wages. Since more general high-school students went to college and college graduates
earned more, the gap in wage level could be clearly seen in the whole sample in Column
(1). To avoid this problem, I will divide the whole sample in Column (1) into the group
in Column (2) and the group in Column (3) when analyzing the effects of vocational high
school on wages.
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Table 2: Summary Statistics

(1) (2) (3)
All VH GH All VH GH All VH GH

Hourly wage 8.484 7.666 9.000 7.185 7.181 7.190 10.073 9.184 10.257
(1,000 won) (12.758) (13.729) (12.080) (12.832) (14.311) (10.862) (12.545) (11.608) (12.711)
Wage worker 0.798 0.806 0.792 0.753 0.781 0.722 0.852 0.887 0.841

(0.402) (0.395) (0.406) (0.431) (0.414) (0.448) (0.355) (0.317) (0.365)
Nonwage worker 0.202 0.194 0.208 0.247 0.219 0.278 0.148 0.113 0.159

(0.402) (0.395) (0.406) (0.431) (0.414) (0.448) (0.355) (0.317) (0.365)
Age 36.415 35.937 36.717 38.157 36.588 40.000 34.297 33.896 34.445

(10.431) (10.807) (10.177) (10.609) (10.725) (10.176) (9.823) (10.827) (9.542)
Female 0.336 0.330 0.339 0.321 0.330 0.310 0.352 0.330 0.359

(0.472) (0.471) (0.473) (0.467) (0.471) (0.463) (0.478) (0.471) (0.480)
Seoul 0.269 0.223 0.298 0.241 0.214 0.273 0.299 0.253 0.315

(0.443) (0.417) (0.457) (0.428) (0.410) (0.446) (0.458) (0.435) (0.465)
Part time 0.123 0.136 0.114 0.145 0.145 0.145 0.096 0.107 0.092

(0.328) (0.343) (0.318) (0.352) (0.353) (0.352) (0.294) (0.310) (0.290)
Married 0.681 0.670 0.687 0.744 0.708 0.786 0.606 0.551 0.619

(0.466) (0.470) (0.464) (0.436) (0.455) (0.410) (0.489) (0.498) (0.486)
College 0.455 0.242 0.590

(0.498) (0.428) (0.492)
VC 0.164 0.138 0.180 0.363 0.568 0.306

(0.370) (0.345) (0.385) (0.481) (0.496) (0.466)
GC 0.287 0.104 0.403 0.637 0.432 0.694

(0.453) (0.306) (0.491) (0.481) (0.496) (0.466)
N 3590 1389 2201 1955 1053 902 1620 336 1299
% 38.7 61.3 53.9 46.1 20.7 80.2

Note: Table reports means and standard deviations which are shown in parentheses for the employed between 1998 and 2010 in KLIPS. VH is the indicator of graduates of vocational
high school and VC is the one of graduated of vocational junior college. GH is the indicator of graduates of general high school and GC is the one of graduated of general college. (1)
is for the whole sample. (2) is for the group attended only high school. (3) is for the group with more than college education.

8



4 Preliminary Analysis via OLS

In this section, the log wage regression to be estimated is

yi = β′xi + γDi + ui (1)

where yi is the logarithm of hourly wage for individual i, xi is the set of covariates in-
cluding a constant and Di is a dummy variable equal to 1 if person i graduated from a
vocational high school and 0 if he or she did otherwise.

It is a typical Mincerian equation including years of schooling, experience and the
square of experience. However, I have replaced years of schooling with the variable D.
Then the coefficient γ will estimate the return on or the loss from vocational high school
compared to that of general high school. Moreover, instead of using experience, I will
use age and the square of age to capture seniority. Other covariates will include female
dummy, part-time status dummy, marital status, and residence in a metropolitan area
(Seoul dummy).

4.1 Less College

First, I look at the group consisting of those who went only to high school and attained
no higher education. Table 3 gives the results by OLS regression. In every model specifi-
cation (1)-(5), the estimated returns to vocational high school is not significantly different
from zero. It coincides with the findings that the average wage levels are not much differ-
ent across the two groups of vocational high school and general high school from Column
(2) in Table 2. It means that even if I control the other covariates correlated with the wage,
the wage does not depend on the type of high school from which workers graduated. If a
student ends his or her education after secondary school and enters the labor market, the
vocational education the student acquired in the vocational high school grants no more
productivity than does a general academic education that emphasizes the development of
academic ability necessary for higher education over skills like using factory machinery
or computers.

This equalization of wages or productivity between the two types of high schools
has two possible explanations. First, it is possible that the vocational education given to
high-school students did not work as intended. If this is true, the public expenditure for
vocational high schools seems inefficient. Under those circumstances, education policy-
makers should merge vocational high schools and general high schools into one uniform
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Table 3: OLS Result

Dependent Variable: log of hourly wage
(1) (2) (3) (4) (5)

VH -0.026 -0.017 0.032 0.025 0.026
(0.030) (0.029) (0.031) (0.029) (0.029)

Female -0.437*** -0.388*** -0.365***
(0.030) (0.030) (0.030)

Age 0.083*** 0.074*** 0.066***
(0.011) (0.011) (0.012)

Age2 -0.090*** -0.084*** -0.075***
(0.014) (0.014) (0.016)

Part Time -0.251***
(0.037)

Married 0.082**
(0.040)

Seoul 0.041
(0.033)

Constant 1.685*** 1.821*** -0.098 0.274 0.415*
(0.022) (0.023) (0.190) (0.194) (0.217)

R-Square 0.001 0.0925 0.0662 0.135 0.154
N 1955 1955 1955 1955 1955

* indicates the 10% significance, ** indicates the 5% significance , *** indicates the 1% significance level.

Note: Columns represent OLS coefficients. Robust standard errors are reported in parentheses. VH is the indicator of graduates of

vocational high school.

high school as is done in the U.S. and should not operate vocational programs at the high-
school level. However, that policy implication is reasonable only where the assignment of
high-school students to vocational high school is random. Yet school assignment is based
on student choice, and thus cannot be random.

Second, we can assume that this equalization results from self-selection, which is typ-
ically referred to as nonignorability of the treatment assignment (Rubin, 1978) or the se-
lection or endogeneity problem (Heckman and Robb, 1985). Less able or less productive
students went to vocational high schools while more productive students who expected
to be able, academically or financially, to go to college entered general high schools. The
vocational high schools train students to acquire skills required for specific jobs, especially
those that do not require college credentials. Meanwhile, general high schools teach stu-
dents the academic skills necessary to complete higher education. These skills are not
useful unless matched with higher academic training because lower-level jobs make no
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use of these skills. Thus more able middle-school graduates are willing to go to general
high schools, but if they cannot or will not go to college, then their productivity can be
equal to that of vocational high school graduates. If the second explanation is reasonable,
the OLS assumption cannot identify and estimate the true parameter—returns to voca-
tional high school. It is necessary to look for the panacea to this endogeneity problem.

4.2 College graduates

I also investigate the effects of vocational high school among college graduates, adopting
the same empirical specification as above. First, I consider only vocational high school
as the main education factor affecting hourly wages or productivity. As a result, the esti-
mated wage differential ranges roughly from -15% to -9% in Panel A of Table 4. Column
(1) gives a simple estimate of the return on, or cost of, vocational high school: -14%, which
is same as the comparison of the average logarithm of hourly wage of vocational high-
school alumni and general high-school alumni in 2001. However, this differential cannot
be interpreted as the effect of vocational high school. Rather, it can be seen to be related
to the other factor influencing wages as a usual omitted variable problem.

In order to address this problem, the estimation includes the dummy variable Dvc,i to
indicate whether a worker attended vocational junior college as well as Dvh,i of vocational
high school. The estimation result is reported in Panel B of Table 4.

yi = β′xi + γ1Dvh,i + γ2Dvc,i + ui (2)

In Panel B, when one includes the vocational junior-college dummy, the effects of vo-
cational high school which are shown in Panel A become insignificant. Instead of the
effects of vocational high school, the loss from the vocational junior college is signifi-
cantly high: It ranges from -30% to -15%. These huge losses result from the fact that the
years that it takes for a student enrolled in a vocational junior college to complete the re-
quired courses are shorter than the years required to complete a degree at a more general
college. The shorter schooling years bring about the lower wages or lower productivity
due to less investment in human capital. From the findings in Panel B, we can argue that
one of the reasons for the significant wage differentials between vocational high school
and general high school in Panel A is that many vocational high-school students went to
vocational junior colleges, and those college alumni earn less than general college grad-
uates. Thus, the losses from the vocational high school in Panel A are absorbed in the
negative effects of vocational junior college shown in Panel B. In other words, the effect
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Table 4: OLS Result

Dependent Variable: log of hourly wage
A B

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
VH -0.148*** -0.158*** -0.095*** -0.098*** -0.088*** -0.069* -0.088** -0.054 -0.057 -0.050

(0.042) (0.041) (0.036) (0.036) (0.036) (0.042) (0.041) (0.037) (0.037) (0.037)
VC -0.305*** -0.266*** -0.165*** -0.164*** -0.152***

(0.035) (0.034) (0.032) (0.032) (0.032)
Female -0.344*** -0.049 -0.041 -0.313*** -0.043 -0.035

(0.034) (0.034) (0.034) (0.034) (0.034) (0.034)
Age 0.126*** 0.122*** 0.087*** 0.123*** 0.120*** 0.086***

(0.009) (0.009) (0.011) (0.009) (0.009) (0.011)
Age2 -0.123*** -0.119*** -0.083*** -0.121*** -0.118*** -0.084***

(0.011) (0.011) (0.013) (0.011) (0.011) (0.012)
Part Time -0.215*** -0.226***

(0.052) (0.052)
Married 0.201*** 0.190***

(0.043) (0.042)
Seoul 0.136*** 0.120***

(0.032) (0.032)
Constant 2.051*** 2.174*** -0.716*** -0.617*** -0.004 2.145*** 1.979*** -0.588*** -0.503*** 0.093

(0.019) (0.022) (0.164) (0.178) (0.203) (0.022) (0.033) (0.164) (0.178) (0.203)
R-Square 0.008 0.065 0.249 0.251 0.2749 0.051 0.098 0.262 0.263 0.285
N 1620 1620 1620 1620 1620 1620 1620 1620 1620 1620

* indicates the 10% significance, ** indicates the 5% significance , *** indicates the 1% significance level.

Note: Columns represent OLS coefficients. Robust standard errors are reported in parentheses. VH is the indicator of graduates of vocational high school. VC is the indicator of

graduates of vocational college.

12



of vocational high school on wages is not significant when controlling for type of college.
When students enter college and complete higher education, the type of high school they
attended does not matter to their wages or productivity.

It should be noted that the cost of vocational junior college cannot be interpreted as
the negative causal effects of such an education on wages. Rather it reflects the shorter
time (two years) of human capital investment in these educational institutions compared
to four years in general colleges. In addition, as in the previous subsection, profound
care should be taken with the endogeneity problems which arise from selection issues
related to unobserved ability or omitting important covariates such as ability measure,
since attendance at a vocational high school or vocational junior college is not assigned
randomly. However, the matter is more complicated than the solution to the selection
bias or endogeneity problem focusing only on the group who did not go to college. In
order to analyze the students who attended any type of college, paying due attention
to the selection problem, one must consider the dynamic structure as in a study using
structural estimation (Keane and Wolpin, 1997; Taber, 2001; Belzil and Hansen, 2002), or
control function estimation or multiple treatment effects estimation (Garen, 1984; Blun-
dell, Dearden, and Sianesi, 2005).

5 Controlling Endogeneity

From the previous section, we can infer that estimation of the monetary return on the
vocational high school, or the cost or benefits of graduation from a vocational school, is
complicated by two problems. The first problem is the selection problem referred to in
the previous section. This implies that comparing differences in average earnings for the
treatment and control groups—that is, those who were vocational high-school students
and those who were general high-school students—would not lead to credible estimates
of returns to vocational high school.

The second problem is the lack of a large survey-based dataset containing information
on which type of high school respondents graduated from and ability measures such as
exam scores, IQ tests, etc. Although there are several large cross-sectional datasets and
some recent panel datasets that have information on earnings and schooling years, few
surveys asked questions on education histories detailed enough to identify the type of
high school the respondents attended, or any ability measure.

But, measurement error problems would severely constrain the usefulness of ability
measures even if such data were available. An ability measure is not a good proxy for cap-
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turing all unobservable ability because of serious measurement error problems. Rather, it
has been used for controlling some ability in the tradition of the self-selection model since
Willis and Rosen (1979). Since the dataset has no information about academic ability mea-
sures, I have tried to solve the endogeneity problem arising from the selection without the
ability measure. I exploit the exogenous variations in the supply side of education in or-
der to solve the selection problem.

5.1 Sources of Identification

I attempt to address the selection or endogeneity problem by focusing on changes at the
aggregate level of the number of new vocational high-school students across school dis-
tricts and over time. Although there is considerable evidence that the decision to enter
a vocational high school is endogenous, we assume that the average percentage of voca-
tional high-school students who were born in a specific year and reside in a specific school
district is not; the average percentage in one birth year-school district-cohort is exogenous.
For example, say that Student A was born in 1980 and lived in Seoul. In 1996, she could
apply for any high school in Seoul, but the average percentage of vocational high school
students in the school district Seoul is exogenous and hence she should take this capacity
0.372 as given. It can be stated in the following assumption:

D̄i⊥ui (3)

where D̄i represents the ratio of vocational high schools’ capacities to those of whole high
schools and ui is an error term in the estimation equation (1).

For this argument, it is necessary to assume that the capacities of general high schools
and vocational high schools are exogenously determined by the educational authorities.
The Korean education authorities, including the Ministry of Education and Human Re-
sources Development, released the right to set the capacities to colleges in the mid-1990s,
but the secondary education system is still controlled directly by the government, from
textbook publishing to school capacities.

The second assumption is the monotonicity of treatments.

Di(D̄i) > Di(D̄i
′
) if D̄i > D̄i

′ (4)

where D̄i represents the ratio of vocational high schools’ capacities to those of all high
schools.
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For simplicity, I make an extreme example: every female student wants to go to vo-
cational high-school because the graduation from college is not attractive to female stu-
dents. Thus, if Student A wishes to attend a vocational high school, her best course of
action is to achieve a high GPA and to obtain a high score on the general entrance exam-
ination. She can gain admission to a vocational high school if her GPA is high enough
to enter the school. But the capacity of vocational high schools must affect her decision
or the result of her efforts. If the number of slots in a given vocational high school is
limited, she cannot go to that school unless she is an excellent student. The likelihood of
entering vocational high school thus depends on the ratio of the capacities of vocational
high schools to those of all high schools. In the other extreme case, where every student
prefers to go to a general high school, the type of high school any given student will at-
tend depends on the ratio, too. In any case, Student A’s likelihood of going to a vocational
high school will be higher if she moves from Seoul to Pusan because the ratio in Pusan is
0.451, higher than Seoul’s 0.372.

Another assumption is that an individual student cannot apply to another school dis-
trict. Unless this assumption is satisfied, the ratio of the number of freshmen in voca-
tional high school to those in all high schools in the district cannot affect the student’s
choice of high-school type. In the 1960s, the authorities outlawed applying to schools
outside one’s own district, and the law was strengthened after abolishing the high-school
entrance exam. Thus this assumption is not violated in the real world in Korea.

One might expect little variation over time in the proportion of vocational high-school
students. Since 1970, however, the ratio of incoming general high-school students to those
in vocational high schools has changed across school districts and over time. The ratio
in each year and each district is calculated from the Statistical Yearbook of Education
published by the research institutes, the Korean Educational Development Institutes and
the Ministry of Education and Human Resources Development. However, the Ministry
began to publish these statistical yearbooks only in 1964 and the data available via inter-
net date only from 1971. Figure 1, Figure 2, and Figure 3 show the ratios and patterns
calculated from those books.

The natural instrumental variable is the target fraction of the capacities that the edu-
cational authorities set exogenously. A problem with this strategy is that we do not know
the exact capacity number targeted, but as a close approximation we use the actual num-
ber or percentage of incoming vocational students as a fraction of all new high-school
students a birth year-school district-cohort.
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Figure 1: Ratio of Vocational High School
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Figure 2: Ratio of Vocational High School: Male
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Figure 3: Ratio of Vocational High School: Female
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5.2 Estimation Result

As in Section 4, the log earnings regression to be estimated follows the linear specification.

yi = β′xi + γDi + ui

where yi are the log of hourly wages for individual i, xi is a covariate vector including
a constant and Di is a dummy variable equal to 1 if person i graduated from a vocational
high school and 0 if otherwise. Now, contrary to the preliminary OLS analysis, I do
not make the assumption that the unexplained part of log earnings, ui, is assumed to be
independent of the dummy variable indicating the status of the graduates of vocational
high school Di.

As discussed in Subsection 5.1, the ratio of new students in vocational high school to
those in all high schools in a birth year-school district cohort will be used as an instrument
for the indicator variable of vocational high-school attendance. I define NVj,t and NHj,t

to be the number of new students in vocational high schools and the whole number of
new students in all high schools, respectively, in year t and in a school district j in order
to construct D̄j,t.

D̄j,t =
NVj,t

NHj,t

The instrument to be used in the IV regressions is

D̄i = D̄j,t if an individual i entered the high school in the school district j in year t.

Now I exploit the third assumption—that an individual student cannot apply to an-
other school district. The school district in which the individual i resided when i was
about to decide can be another instrumental variable, Ri, a vector of dummy variables.

Rj,i =

 1 if i lived in a school district j

0 Otherwise

Ri =(R1,i, · · · , R15,i)

Consider the first-stage regression of the endogenous regressor, the vocational high-
school graduates indicator Di, on covariates xi on the instrument D̄i and on other instru-
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mental variables Ri.

Di = π′xi + δD̄i + θ′Ri + ηi (5)

Table 5 reports the first-stage regression results describing the relationship between
the dummy variable of vocational high school and the ratio of the number of students in
vocational high school to the number of all new high-school students in the year when
the respondent enters the school in the school district where she or he resides.

Table 5: First-stage Regression

Dependent Variable: VH
(1) (2) (3) (4) (5)

The Ratio of 0.138 0.525*** 0.487*** 0.485*** 0.507***
Vocational High School (0.169) (0.132) (0.181) (0.182) (0.181)

Female 0.041 0.011 0.007
(0.027) (0.027) (0.028)

Age -0.029* -0.028** -0.038**
(0.014) (0.014) (0.015)

Age2 0.026 0.026 0.036
(0.021) (0.021) (0.023)

Part Time 0.023
(0.036)

Married 0.048
(0.038)

Seoul -0.068*
(0.036)

Constant 0.593** 0.567** 1.140*** 1.121*** 1.250***
(0.237) (0.243) (0.325) (0.330) (0.343)

School region Dummy Yes Yes Yes Yes Yes

R-Square 0.040 0.045 0.069 0.070 0.074
N 1539 1539 1539 1539 1539

* indicates the 10% significance, ** indicates the 5% significance , *** indicates the 1% significance level.

Note: Columns represent estimated coefficients. Robust standard errors are reported in parentheses. VH is the indicator of graduates

of vocational high school.

Conditional on the place where the workers resided when they were high-school stu-
dents and other covariates, the ratio of capacities of vocational high schools to those of all
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high schools significantly affects the choice of high-school type. In fact, the coefficient of
the ratio of new students in vocational high schools to those in all high schools in a birth
year-school district-cohort has a positive sign. This confirms the monotonicity of treatment
assumption in the equation (4).

Table 6: IV Estimation Result

Dependent Variable: log of hourly wage
(1) (2) (3) (4) (5)

VH 0.168 0.114 0.328** 0.274* 0.310**
(0.171) (0.161) (0.156) (0.148) (0.147)

Female -0.402*** -0.348*** -0.329***
(0.034) (0.035) (0.034)

Age 0.084*** 0.061*** 0.055***
(0.019) (0.019) (0.021)

Age2 -0.090*** -0.062** -0.055*
(0.029) (0.029) (0.030)

Part Time -0.296***
(0.041)

Married 0.061
(0.044)

Seoul 0.094**
(0.039)

Constant 1.559*** 1.737*** -0.317 0.293 0.376
(0.098) (0.093) (0.359) (0.362) (0.394)

R-Square 0.001 0.096 0.072 0.141 0.172
N 1539 1539 1539 1539 1539

* indicates the 10% significance, ** indicates the 5% significance , *** indicates the 1% significance level.

Note: Columns represent estimated coefficients. Robust standard errors are reported in parentheses. VH is the indicator of graduates

of vocational high school. Every column has the ratio of vocational high schools over high schools and the dummy variable

indicating the school district as instruments.

Table 6 reports IV estimates, adopting the same empirical specification used in Sub-
section 4.1. In Columns (3), (4) and (5) of Table 6, IV estimates of returns to vocational
high school are reported to be significantly positive. This also implies that IV estimates of
returns to vocational high schools are larger by more than 30 percent than OLS estimates,
which are insignificantly different from zero. Even though the estimated coefficients are
not significant when one controls no covariates other than female dummy in Column (1)
and (2) of Table 6, they have positive signs and they are much greater than OLS estimates
reported in Columns (1) and (2) of Table 3. These IV estimates show that workers who
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were trained under vocational secondary education earn more than general high-school
graduates who did not attend higher education by about 30 percent as long as the instru-
mental variables are truly exogenous to the error terms ui in the empirical specification.
Vocational education has a clear effect on productivity and hourly wages.

The finding that the IV estimates are greater than the OLS estimates is consistent with
the previous studies estimating returns to schooling by the IV estimation, in the sense
that OLS has downward-biased estimates. It is evident from the Card (1999)’s survey
and the papers reviewed in its introduction that the IV estimates of returns to schooling
typically exceed the corresponding OLS estimates, often by about 30%. However, the
papers assume on these grounds that OLS methods lead to upward-biased estimates of
the true returns to education. For example, they think that a more able person is likely to
invest his human capital and that his schooling years are thus enlarged. Under that kind
of assumption, the even larger IV estimates present something of a puzzle.

Contrary to the above cases, in the case of vocational high school in Korea, the se-
lection bias runs in the direction opposite to what is usually believed. The treatment is
assigned to a less able student if every student in middle school is willing to go to high
school.

cov(Di, ui) < 0 (6)

Then the OLS estimates underestimate the effect of vocational education in secondary
school on the logarithm of wages or productivity of a worker. As long as the ratio (̄Di)

is truly orthogonal to the error term ui, that is, unobservable ability or some financial
constraints the student faces, the IV estimates reported in Table 6 remain consistent by
eliminating the selection bias.

In other words, we can give the following interpretation. Less able or less produc-
tive students went to vocational high schools but more productive students, who ex-
pected to be able to go to college, entered general high schools for academic skills. The
vocational high schools give students productive training programs and these students
acquire skills demanded by specific jobs, especially those that do not require college cre-
dentials. Meanwhile, general high schools teach students the academic skills necessary
to complete higher education. However, some students in general high schools fail to en-
ter institutions of higher education, and they participate in the labor market without the
skills imparted by vocational high schools. These academic skills are not useful for jobs
that do not require college degrees. Even if general high-school students are potentially
productive, the education they have acquired in their school years does not meaningfully
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increase their productivity.
On average, the productivity of general high-school alumni without college degrees

seems to be equal to that of vocational high-school graduates. The OLS estimates show
no significant effect of vocational education at the high-school level. But the IV estimates
control the selection problem and eliminate the bias, showing a significant effect of vo-
cational high school on productivity. Contrary to the widespread skepticism regarding
the value of a vocational education in secondary institutions, the estimated returns to
vocational high school are positive and significantly high if we consider only those high
school graduates who did not go on to college.

Note that these results can be interpreted as the Local Average Treatment Effects (LATE)
introduced by Imbens and Angrist (1994). They can explain why the magnitude of the
estimates is so large. The IV estimates explain the results for only those students who
fall into the academic margins—those who are neither remarkably high achievers nor
profoundly low achievers, and who could thus be shifted from one school to another
by small changes in capacity. The students who were induced to attend vocational high
schools by the higher capacity of those schools earn more than the students who took gen-
eral education in high school. Both students have the same academic ability and the same
unobservable characteristics except for their choice of high school. The skills acquired
through the vocational courses are better matched with non-college-level jobs than is the
academic ability developed by general courses.

6 Conclusion

This paper examines the relative benefits of vocational training in high school in the con-
text of a rapidly developing economy that has experienced major technological and in-
stitutional change. I exploit changes in the capacities of vocational high schools, set by
the educational authorities, to avoid the selection bias that arises because less-able stu-
dents are more likely to enroll in vocational high schools. The capacity of vocational high
schools must affect the decisions of the students choosing where they will receive their
secondary education. If the capacity of vocational high schools were larger, the likelihood
of any given student’s going to vocational high school would be higher. The changes in
capacity were exogenous and shifted students from general high schools to vocational
high schools every year. For marginal students, this policy change did not significantly
affect other academic skills or unobservable characteristics except their choice between
attending vocational school and attending general school. Using the KLIPS data from
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1999-2010 and the Statistical Yearbook of Education from 1970-1999, I find evidence that
men who were affected by the changes in the capacity of vocational high schools earn
more than their similarly qualified general-high-school counterparts.

These findings are in sharp contrast to the results of previous studies, which found
that vocational training programs in secondary schools are ineffective. The relationship
between vocational training and labor-market returns highlighted by previous studies
may be largely a consequence of selection. It is important to note that these estimates
are more relevant for the marginal student, shifted from general to vocational education,
than for the average student whose decision is unaffected by changes in capacity. But this
group of marginal students is probably the most likely to be affected by any change in the
capacity that encourages general education over vocational training.
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