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Summary of final report

In this research project, I have tried to identify what’s the “true” rate of return to
education in Taiwan. Using Instrumental variable method and heterogeneous human
capital theory, I had developed three empirical models to estimate and discover the
rate of return to education in Taiwan. The main sources of data are from varies years
of Taiwan’s Manpower Utilization Survey. As education is an important form of
human capital accumulation, can education be also an effective means for fostering
intergenerational social mobility? Using Taiwan’s Panel Study of Family Dynamics
data, I also investigate education and intergenerational social mobility in Taiwan.

The major conclusions from my research are that the estimated rates of return to
education are relatively higher by the IV method than by the OLS method. The
estimated rate of return to education is 5.97% for males and 14.69% for females,
higher than that by OLS especially in the female group. Due to the severe influence
by family factors on females’ education, we also find that the female rate of return to
education is significantly underestimated the by OLS. The Taiwan empirical study
also shows that significant heterogeneous return to education does exist and the
educational choice was made according to the principle of comparative advantage.
The estimated rates of return for attaining university were 19% and 15%, much higher
than the average rate of return of 11.55 and 6.6%, for 1990 and 2000, respectively.
The decline trend of return to university education may be caused by the rapid
expansion of the number of colleges and universities and the increasing supply of
college graduates in the 1990s. Quantile regression with cohort data also confirms the
same result. Moreover, we find that education and ability are complements for the old
cohort, while they are substitutes for the young cohort, i.e., education can compensate

disadvantage in ability. The important policy implication is that general education



may consolidate and even create social diversity.

Empirical results from PSFD data find that father’s social status affects an
individual’s educational attainment. Offspring whose father is in the upper class have
the best advantage of receiving higher education than those whose father is not.
Moreover, education has a profound influence on social status. The higher the
educational attainment is, especially for university and above, the greater the chance
will be in the upper-class and the advantage of education to enter the upper class does
not vary among different cohorts. This implies that the upper-class may dominate
education to preserve their social status. However, other things being equal, for those
with junior college education but their fathers are not in the upper-class, tend to have
a greater chance to be in the upper-class than those whose father is in the upper-class.
Hence, education can still be an effective means to compensate the disadvantage in
one’s father’s social status. We also find that senior high school and junior college
education has the greatest chance to be in the middle class, which is conducive to
social stability. Our results confirm that popularization of education is beneficial to
intergenerational social mobility. Thus, equal opportunity to attain education and
prevention of monopoly in education by the upper class should be the ultimate goal of
a government’s educational policy as it not only enhances one’s earning capability but
also fosters social mobility.

The above research has developed into four papers: 1. Endogeneity and
Investment in Education: Estimating Rates of Return to Education for Taiwan, 2.
Heterogeneity, Comparative Advantage, and Return to Education: The Case of
Taiwan, 3. Return to education and ability in Taiwan: an cohort analysis, 4. Education
and Social Mobility in Taiwan. The following attachment is the complete version of
the four papers. The second paper has been accepted for publication on Economics of

Education Review and the rest of the papers are currently submitting to journals.
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Endogeneity and Investment in Education: Estimating Rates of

Return to Education for Taiwan

Abstract

To avoid the endogenous bias of the education variable in the OLS estimation of
return to education, this paper applies the 2SLS instrumental variable method to
estimate the rate of return to education using data from the 1990 Taiwan’s Manpower
Utilization Survey. Instrumental variables include the nine-year compulsory education
policy, area of residence, sibling status, and father’s education. Tests are also
conducted to choose the most effective valid instrument from all combinations of I'Vs.
Consistent with the literature, the estimation results show that the estimated rate of
return to education is relatively higher by the IV method than by the OLS method.
Due to the severe influence by family factors on females’ education, we also find that

the female rate of return to education is significantly underestimated by the OLS.

Keywords: Human capital investment, return to education, endogenous bias, ability

bias, instrumental variable, local average treatment effect

JEL Classification: J24; 121



Endogeneity and Investment in Education: Estimating Rates of
Return to Education for Taiwan

l. Introduction

Human capital investment and accumulation have been identified as one of the
important sources for a country’s long-run economic growth.' For the past four
decades, Taiwan, a small island of 36,000 kilometers with limited natural resources,
has achieved the so-called “economic miracle” with average annual economic growth
rate of 8.45% between 1960 to 2000. Taiwan’s remarkable economic performance is
consistent with the human capital theory to a large extent due to the development of a
well-educated and better-trained labor force, which speeds up industrialization
processes and upgrading of technology to sustain the long-run growth of the economy.
Chuang (1999) finds that during the 1964-1994 period, 30% of Taiwan’s average
annual economic growth can be attributed to human capital. Lin (2004) also discovers
that higher education had a positive effect on economic growth in Taiwan for the
period 1965-2000; one additional percent of higher education stock is estimated to
increase real output by approximately 0.19%. Moreover, examining the relation
between education and growth, Chuang (2000) finds that unidirectional causality runs

from higher education to economic growth in Taiwan over the period 1952-1995. Wu

' See, for example, Barro and Sala-i-Martin (1995).
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(2003) notices an increasing trend of rates of return to education in Taiwan from 1978

to 2001.

These findings on the education-growth nexus of Taiwan’s economic miracle can
be described as follows. Since the adoption of an open trade policy in the early 1960s,
Taiwan has experienced drastic and rapid structural changes from an
agriculture-oriented to an industry-oriented economy. In fact, the output share of
industry increased from 23.03% in 1961 to 39.36% in 1978, subsequently remaining
relatively stable until the mid 1980s. The structure of exports changed from
labor-intensive products in the 1960s, to capital-intensive in the 1970s and
technology-intensive in the 1980s. This open trade and rapid industrialization process
increased the demand for skilled labor, which increased the return on education, and
the increase in the quality of workers facilitated the process of accessing, absorbing,

and applying technology upgrades and thus the subsequent economic growth.

The Human capital theory emphasizes education and on-the-job training to
enhance labor productivity and hence wage rates of workers.” The economic return to
education not only influences an individual’s educational choice but also affects the

labor quality of the whole society. Therefore, from both individual and social points

* Card (1999) provides a comprehensive literature survey on empirical studies of the relationship
between education and productivity.



of view, the estimation of return to education is an important measure for human

capital investment decisions and thus has a profound effect on human development.?

For the past forty or more years, investment in education has expanded greatly in
Taiwan due to the government’s expansionary education policy, the process of rapid
industrialization, and the conventional wisdom that “To be a scholar is to be at the top
of society.” The average years of education for employed workers in Taiwan has
increased tremendously from 7.18 years in 1978 to 11.03 years in 2006, while for the
same period, the per capita income rose from US$1,461 to US§$14,455, a roughly
ten-fold increase. According to the human capital theory, education enhances labor
productivity and hence increases wage rates. But what is the economic return for an
additional year of schooling? Previous empirical studies on returns to education in
Taiwan, e.g., Psacharopouls (1985); Gindling, Goldfarb, and Chang (1995); Chuang
and Chao (2001); and Wu (2003), among others, have neglected either the
endogeneity problem of education or the heterogeneity of unobserved ability, thus
tending to encounter the endogeneity bias and ability bias for the estimates of returns

to education.” Two exceptions are Gurgand (2003) and Spohr (2003), who adopted

’ Return to education is one of important measures in constructing the human development index,
which is considered to be a more inclusive index for measuring human welfare and has been
announced every year by the United Nations since 1990.

* The former is caused by educational decisions and is endogenous rather than exogenous, and the
latter arises as more able people, other things being equal, receive more education according to the
human capital theory. See, for example, Heckman, Lochner, and Todd (2003) for a detailed discussion.



the IV method, but with a simple instrumental variable or special attention to specific
groups only. Gurgand (2003) estimates the influence of education on a farmer’s
income, adopting a simple instrumental variable of the share of primary and high
school farmers to replace the formal years of education, while Spohr (2003) uses the
nine-year compulsory education policy as the instrumental variable and adopts the
yearly wage instead of the hourly wage as the dependent variable.” Instead of using a
single instrumental variable, this paper intends to deal with the problems by using
four different instrumental variables, namely the nine-year compulsory education
policy, area of residence, sibling status, and father’s education, and their combinations,
to identify an unbiased and consistent estimate of the rate of return to education for
Taiwan. Tests of the validity of various combinations of instruments are conducted.
We find that the combination of the compulsory education policy and area of
residence is the most efficient valid instrument and may give a better estimation for

the rate of return to education.

Due to the heterogeneity of an individual’s ability, the conventional OLS
estimation of the wage equation will be subject to the ability bias because the
intercept of the wage equation by the OLS method reflects personal ability, which is

correlated with the marginal cost of receiving education. Moreover, if the

> See Card (1999) for the discussion of different interpretations of estimated coefficients of education
variable for using the hourly wage and the yearly wage as the dependent variable.
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heterogeneity of an individual’s ability is revealed by the different slopes of the wage
equation, i.e., the greater the return to education, the higher the incentive for
educational investment, then under this situation, the estimation results by the OLS
method will be further inflated. As there exist heterogeneous returns to education,
reflected by the intercept and slope of the wage equation, the adoption of the OLS
method to estimate the return to education requires that explanatory variables and the
error term be mutually independent. Failure to satisfy this condition will render a bias
in estimation by the OLS method. More importantly, educational investment is an
endogenous decision process that is heavily influenced by personal characteristics and
family background factors. As the education variable is not exogenous, conventional

OLS estimation will be subject to bias.®

Griliches (1977) proposes to use the instrumental variable method to tackle the
problems of ability bias and endogeneity.” However, the major difficulty is to find a
valid instrumental variable, especially for cross-section data analysis such as the
estimation of return to education. Heckman and Vytlacil (1999) point out that the

instrumental variable has to be correlated with an individual educational choice and

® For discussion of factors that determines an individual’s educational choice, see, for example,
Haveman and Wolfe (1995).

7 Griliches (1977) uses the viewpoint of the efficiency unit in the labor market and considers human
capital to be homogenous; thus, people choose to have different stocks of human capital. In this regard,
to solve for the problems of ability bias and measurement error, an effective estimation method is the
instrumental variable method. Sometimes this type of model is also called the common coefficient
model.



uncorrelated with an individual’s ability. Most of the existing literature has shown
that it will be relatively difficult to find a valid instrumental variable from the demand
side of education, as we are not quite certain that the demand factor for education has
no correlation with an individual’s wage rate. Therefore, economists are inclined to
use supply factors for education such as family background factors as the instrumental
variable. For example, Trostel, Walker and Woolley (2002) use parents and spouse’s
education as instrumental variables to estimate male and female return to education
for 28 countries, finding that the estimated rate of return to education is typically
higher when calculated by the IV method than by the OLS method. Other studies,
such as Arcand, D’hombers and Gyselnck (2004), Patrinos and Sakellariou (2005),
and Sakellariou (2006), adopt the father’s years of education as the instrumental
variable; all of these find results similar to those of Trostel, Walker and Woolley

(2002).}

As we are not convinced that family background factors are uncorrelated with an
individual’s ability, recent studies have switched to supply side factors of the labor

market as the instrumental variable.” For example, Angrist and Krueger (1991) use

¥ See Card (2001) for a detailed comparison and discussion of the estimation results by OLS and IV
methods.

? If there is an inter-generational transfer effect, family background factors such as parents’ education
may be correlated with an individual’s ability. From a genetics point of view, an individual’s innate
ability is inherited through the genes.



birth season as the instrumental variable, as differences in birth season cause different
dates of school enrollment and hence different times for completing compulsory
education. Apparently, birth season has a correlation with years of schooling, but
none with an individual’s ability. Harmon and Walker (1997) use the compulsory
educational policy in the U.K. as the instrumental variable because the change in
educational policy is exogenous but in fact influences people’s minimum years of
schooling. As the instrumental variable is subject to the educational choice of
particular demographic groups, the results estimated by the IV method can be
interpreted as the marginal rate of return to education for those particular
demographic groups. Likewise, the estimated rate of return to education for the IV

method is usually higher than that for the OLS method."’

There are other instrumental variables in the literature. For instance, Duflo (1999)
chooses birth date before and after institutional change, and personal residential area,
as the educational resources may be different under different policies, as instrumental
variables. Moretti (2004) uses estimated demographic structure in the city and
land-grant university as instrumental variables to estimate estimated spillover effect of

education and social rate of return to education.

1% Card (2001) has an alternative interpretation. He thinks that people with low education tend to have
higher rates of return to education because they are the group influenced by the education policy, which
reduces their original high marginal cost of education. Thus, low education is not the result of low
ability.



Conventionally, under the assumption of mutual independence of the explanatory

variables and the error term, estimates from the OLS method are interpreted as the

average marginal rate of return to education. However, if it is not the case, as it

usually is, the OLS estimates will subject to the endogeneity bias.

Based on the results from the literature, this paper intends to estimate the rates of

return to education for Taiwan. The major contributions of the paper are to take the

endogeneity of education and the individual’s heterogeneity into account to estimate

an unbiased and consistent rate of return to education using the IV method. Second,

tests are conducted to choose the most effective valid instrument from all

combinations of IVs. Third, conducting a case study of Taiwan, a country

characterized by an economic miracle with rapid accumulation in education

investment, may provide useful implications for other developing countries.

This paper is organized as follows. Section II specifies the empirical model.

Section III contains data description, estimation results, and sensitivity analysis. The

conclusion follows in Section IV.

I1. The empirical model
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As in the literature, we use Mincer's (1974) specification of wage equation as the
basic model for the estimation of rate of return to education, and an additional

educational choice equation is also stated as

Y, = X'+ 8, +u,,

S;=Z'a+v,

where Y is the real hourly wage in logarithmic form; X is other variables
affecting an individual’s wage rate, such as work experience, marital status, industry,
and firm size; S denotes years of schooling; Z is explanatory variables including
instrumental variables that determine one’s educational choice; U and V are error
terms for wage and educational choice equations, respectively; and the coefficient S

represents the average rate of return to education for additional years of schooling.

To cope with the endogeneity problem of investment in education, a 2SLS
instrumental variable estimation method is used. Furthermore, as the samples are
subject to those who work for a wage payment, the direct estimation of the wage
equation will encounter the problem of sample selection bias. Thus, we adopt
Heckman’s (1976) two-stage selection model to explicitly correct for the problem of

selection bias.'

" See also Johnston and Dinardo (1997, pp. 447-450) for a detailed illustration of Heckman's
two-stage selection model.
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The selection of instrumental variables

The use of instrumental variables to estimate return to education requires that
instrumental variables satisfy the orthogonality condition; i.e., instrumental variables
have no correlation with the individual’s ability or error term. Furthermore, under the
heterogeneous return to education, instrumental variables have to be uncorrelated with
one’s earning capability in addition to the orthogonality condition; ie., Z is
uncorrelated with £ . In other words, allowing for a heterogeneous return to
education, the instrumental variable should be correlated with one’s educational

. . 12
choice, but uncorrelated with one’s wage rate.

We first adopt the nine-year compulsory education policy as our instrumental
variable. Numerous studies have shown that the compulsory educational policy has a
significant effect on return to education; see, e.g., Angrist and Krueger (1991); Cruz
and Moreira (2005); and Sakellariou (2006), among others. From a policy perspective,
the implementation of a compulsory educational policy significantly enhances the
structure of labor quality of the developing countries, especially for those groups

subject to family liquidity constraints.”> Thus, the use of the compulsory educational

12 See, for example, Blundell et al. (2003) for detailed discussion on this point.

" In 1968, developing countries Taiwanese government implemented the nine-year compulsory
educational policy, which directly affected the school enrollment rate of children aged 12 to 14. Groups
particularly influenced by compulsory education are poor or minority groups, which are usually subject

12



policy as the instrumental variable not only solves for problem of endogeneity and
ability bias caused by the OLS method but also gives us estimates for the rate of
return to education for those who are subject to liquidity constraints, an important
factor that hinders educational investment for economically disadvantaged people.
Most research on return to education in developing countries has proved that using
institutional factors as the instrumental variable tends to result in a higher estimated

rate of return to education than that found by the OLS method."

Compulsory educational policy is an institutional change that includes the
building of new junior high schools and recruitment of new educational staff and
teachers, and thus it is closely related to an individual’s educational investment but
has no direct relationship with an individual’s ability. As educational resources are
different among different residential areas, it thus has different impacts on
individual’s educational achievement, while having nothing to do with an individual’s
ability. From the viewpoint of the life cycle of household income, elder children tend
to have less family education resources than their young siblings do, as family income

is usually low in the early stage.'” Moreover, the greater the number of siblings for a

to credit constraints.
1 See, for example, Card (2001) for a detailed literature review on this line of research.

"> Using data from the 1989 Survey of Women's Living Status in the Taiwan Area, Parish and Wills
(1993) find that younger siblings tend to have an advantage in receiving better education than their
elder siblings.
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given family budget constraint, the fewer the educational resources that are given to
each child. Thus, both the existence of young siblings and the number of such siblings
will be correlated with an individual’s educational achievement, but these factors have
no correlation with an individual’s ability or wage. Therefore, this paper adopts the
nine-year compulsory education policy, residential area, and the existence of younger
siblings as instrumental variables for educational choice.'® In the literature, some
research, see, e.g., Trostel, Walker and Woolley (2002); Arcand, D’hombers and
Gyselnck (2004); Patrinos and Sakellariou (2005); and Sakellariou (2006), among
others, use family background variables such as the father’s education as the
instrumental variable; for comparison, we thus also include father’s education as an

additional instrumental variable.!”

Tests of validity for instrumental variables

Econometrically, in the 2SLS estimation, a valid instrumental variable should
satisfy two conditions: Instrument relevance and Instrument exogeneity. The relevant
tests include using the partial coefficient of determination or F-test to test the

explanatory power and sign of the instrumental variable on the endogenous education

'® We also regard the number of siblings as the instrumental variable; the estimated results are similar
to what we have reported here.

7 The father’s education may not be a good instrumental variable, as a father’s education may
influence an individual’s ability or wage through genes or social connections.
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variable at the first step of regression. '® As for the exogeneity test, the
over-identifying restrictions test is used on the orthogonality condition for all the
instruments.” In the second stage of regression, we adopt the Durbin-Wu-Hausman

test for exogeneity.”’

I11. Data analysis and estimation results

As the paper uses the nine-year compulsory educational policy, which was
implemented in Taiwan in 1968, as one of the instrumental variables for a broader
inclusion of samples, we adopt data from the 1990 Taiwan Manpower Ultilization
Survey conducted by the Directorate-General of Budget, Accounting and Statistics,

Executive Yuan, Taiwan, Republic of China.*' The MPUS data are repeated cross

'® See Bound, Jaeger, and Baker (1995) and Staiger and Stock (1997) for detailed descriptions of the
relevant tests. The F-test can be used to joint test the significance of coefficients of all the instrumental
variables. A rule of thumb is that F statistics should be greater than 10, and that any values below 10
imply that the selected instrumental variables have insignificant explanatory power and thus generate
estimation bias.

1 Assume that the number of selected instruments is m and the number of relevant endogenous
variables is k. If m=k, the regression coefficients are exactly identified. If m>k, the regression
coefficients are over-identified. If m<k, the regression coefficients are under-identified.

2 The estimation process is similar to test for the omitted variable, as it was first proposed by Durbin
(1954), Wu (1973), and Hausman (1978), respectively; hence it is also called the Durbin-Wu-Hausman
(DWH) test. For a discussion of DWH test of exogeneity, see, for example, Davidson and MacKinnon
(2003).

2l We also tried the Taiwan Manpower Utilization Survey data for 1995 and 2000. The results are
similar to what we report in this paper. However, data for the 1995 and 2000 MPUSs may encounter
limited sample problems. For example, the proportion of samples having received nine-year
compulsory education is as high as 95% and 99% for 1995 and 2000, respectively. Thus, the use of the
nine-year compulsory educational policy as the instrumental variable for 1995 and 2000 data will be
subject to insufficient samples of those who were not affected by the compulsory education policy. For
the completeness of the data, this paper uses the 1990 Taiwan Manpower Utilization Survey data.
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sections and stratified random samples of around 20,300 households (about 60,000
persons aged 15 and above in these sampled households) from about 532 villages and
neighborhoods in Taiwan, and they are not panel data. For the use of instrumental
variables, we choose samples only with complete intergenerational information, such
as father’s education and number of siblings. A total of 7,193 samples are obtained.**

Tables 1 and 2 present all the variable names, definitions, and basic statistics.

2 As the samples with complete intergenerational information are smaller than the original survey
samples, then to ensure the representation property of the selected sample, we further conducted
conventional OLS estimation for return to education for our selected sample and the original survey
sample, finding that the estimation results for the two samples are similar, which justifies the
appropriateness of the selected sample.

16



Table 1. Variable name and definition

Name Definition

Wage Real hourly wage in logarithmic form.

Years of Education levels include illiterate and self educated, primary school,

education junior high school, senior high school, vocational school, junior
college, university, graduate school and above. The corresponding
years of education are 0, 6, 9, 12, 12, 14, 16, and 18 years,
respectively.

Tenure Years working at current job.

Work Work experience is proxied by age-years of education-6-tenure. As

experience males in Taiwan need to serve two years in the army, an additional 2
years is thus further subtracted for males.

Sex Dummy variable: 0 for female, 1 for male.

Marital status

Industry

Firm size

Residential
area

Number of
siblings

Compulsory
educational
policy

Dummy variable: 0 for single, 1 otherwise.

Industry in which the individual works are dummy variables, which
include agriculture, forestry, fishery, and husbandry; manufacturing;
water, electricity, fuel, and coal; construction; wholesalers, retailers,
and restaurants; transportation, storage, and communications;
finance, insurance, and real estate; and public and personal services.
Wholesalers, retailers, and restaurants is the reference group.

Dummy variables include 1-9 persons, 10-49 persons, 50-99
persons, 100-499 persons, 500 persons and above, and the public
sector. 1-9 persons is the reference group.

Residential area is classified into urban and rural areas and
represented by a dummy variable: O for rural area, 1 for urban area.
Based on the official classification of Taiwan’s Ministry of Interior,
cities, towns, or villages with a population of residences of over fifty
thousand are classified as urban areas.

Having younger siblings in the family is represented by a dummy
variable: 1 for yes and 0 for no.

People affected by the nine-year compulsory educational policy
implemented in1968. A dummy variable: 0 for those who were born
before 1956 (not affected by the policy) and 1 for those who were
born after 1956 (affected by the policy).

17



Table 2. Summery of basic statistics for variables

Variable name Mean  Standard  Min. Max.
Deviation value  value
Age 2779 6.81 I5 64
Years of education  10.83 2.76 0 18
Tenure 3.55 4.17 0.08  41.17
Work experience 6.09 5.70 0 46
Sex 0.66 0.47 0 1
Marital status 0.32 0.47 0 1
Industry
Agriculture 0.05 0.21 1
Manufacturing 0.38 0.49 0 1
pafer. electricty. - 0.01  0.07 0 1
Construction 0.11 0.31 0 1
Wholesalers
retailers, and 0.18 0.39 0 1
restaurants
Transportation,
storage, and 0.06 0.23 0 1
communications
Finance,
;2311122;{[1;% and 0.05 0.23 0 1
]I;))Slrosl?cn aslclervicesand 0.17 0.37 0 1
Firm size
1-9 persons 0.44 0.50 0 1
10-49 persons 0.26 0.44 0 1
50-99 persons 0.07 0.26 0 1
100-499 persons 0.11 0.31 0 1
So0personsand 04 0,19 0 1
Public sector 0.09 0.28 0 1
Instrumental
variable
poleationd) 0.86 035 0 1
Residential area 0.68 0.47 0 1

(IV2)
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Number of
Siblings (IV3) 0.26 0.44 0 1

Father’s
education (IV4) 6.05 3.86 0 18
Observations 7193

Source: 1990 Manpower Ultilization Survey, DGBAS, Taiwan

Industry includes 8 one-digit and 76 two-digit classifications, according to the
Standard Classification of Industry of the Republic of China, DGBAS.” Residential
area is classified into urban and rural areas. Based on the official classification of
Taiwan’s Ministry of the Interior, cities, towns, or villages with over fifty thousand
residences are classified as urban areas. Due to data limitations, it is not possible to
acquire residence information for samples during their study period. We use current

. . . . 24
residence as a proxy for the residence during schooling age.

The total sample is 7,193 persons, average age is 28 years old, average years of
education is 10.83 years, with an average tenure of 3.55 years and work experience of
6.09 years. Among them, females comprise 34% and males 66%; 23% are married;

38% work in manufacturing, 18% in wholesalers, retailers, and restaurants; 17% in

3 The original classification of industry includes 9 one-digit and 85 two-digit industries, for simplicity
and research purposes, we had aggregated some industries, which results in 8 one-digit and 76
two-digit industries.

** A possible bias from this assumption is that current residence may not be the same as the residence
of schooling age, i.e., the residence of schooling age was in a rural (urban) area, but current residence is
in an urban (rural) area. However, according to data from Panel Study of Family Dynamics, conducted
by Academia Sinica since 1999, for those who were born between 1953 and 1963, the percentage of
those living in rural areas during their schooling years but currently living in urban areas is 1.23%,
while that for those living in urban areas during their schooling years but currently living in rural areas
is only 0.91%. Thus, the bias of using the current residential area for the residence of schooling age is
likely to be limited.
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personal and public services; 70% worked at small- and medium-size firms (below 50

persons); only 4% worked at large enterprises (500 persons and above); and 9%

worked in the public sector; 86% received nine-year compulsory education; 68%

lived in urban area and 32% in rural area.

Estimation results

We use the IV method or so-called 2SLS method to estimate rate of return to

education for Taiwan. The results of first stage regression for educational choice are

presented in Table 3. The four instrumental variables, educational policy (IV1),

residence area (IV2), number of siblings (IV3), and father’s education (IV4), as

expected, all have a positive effect on individual’s education achievement. These

results imply that those who receive compulsory education, live in urban areas, have

no younger siblings, and have fathers with higher education tend to have more

education. Moreover, even including all four instrumental variables into the

educational choice regression, as in column 5 of Table 3, the estimated coefficients all

remain significant and have expected signs.

Table 3. Results of first stage regression on educational choice

20



IVI+IV2+IV3+

IVl 1v2 V3 IvV4
IV4
Age 0.4908"  0.4883" 0.4809  0.4473 0.3958°
(17.59)  (17.85)  (16.73)  (17.52) (15.12)
Age? -0.0083""  -0.0089" -0.0088"" -0.0079""" -0.0066""
(-18.68)  (-21.33)  (20.10)  (-20.21) (-15.77)
ggﬁ(f;ti"“al 0.9974”" 0.9635""
(6.75) (7.17)
Residence area 1.12357" 0.7144™"
(16.47) (11.15)
Number of 0.3104™ 0.2150"™
siblings
4.17) (3.18)
Father’s 02764 0.2592"**
education
(37.33) (34.75)
Constant 3.225977 3.8294"7 45216  3.2363" 2.1664"
(6.98) 8.93)  (1029)  (8.09) (5.09)
Partial R* 0.0057 0.0327 0.0022 0.1460 0.1647
F-test 19.6" 67.7 1147 5794 609.17""
Adj-R* 0.1063 0.1333 0.1028 0.2466 0.2650
Observations 7193 7193 7193 7193 7193

Notes: 1. Figures in the parentheses are t statistics.

2. %, ** and *** stand for statistical significance levels at 90%, 95%, and 99%, respectively.
3. The F-test is for the instrument relevance condition (the significance of coefficients of all the
instrumental variables). A rule of thumb is that F statistics should be greater than 10, and that

any values below 10 imply that the selected instrumental variables have insignificant
explanatory power and thus generate estimation bias.

To ensure that our instrumental variables are valid instruments, we further test for

instrument relevance and exogeneity. From both the partial coefficient of
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determination and the F-test of first stage regression in Table 3, all four instrumental

variables have significant correlations with years of education. Among them, the

father’s education has the most explanatory power for an individual’s education. As

for the exogeneity test, from Table 4, the over-identifying restrictions test shows that

the four instruments are not all exogenous, suggesting that potential endogeneity

within the four instruments may bias the estimation.”

Table 4 lists the estimation results for the rates of return to education for the OLS

and IV methods. First, by considering a parsimonious formulation of the Mincerian

wage equation, which includes only variables like tenure and work experience in

addition to education, the estimated rates of return to education, tenure, and work

experience are 5.62%, 3.98%, and 1.45%, respectively. Including additional

explanatory variables, which include marital status, industry, and firm size, the

estimated rates of return to education, tenure, and work experience drop to 4.95%,

3.59%, and 1.15%, respectively. It should be noted that by construction, a valid

instrumental variable should not be correlated with wage or any variable that explains

wage; therefore, in the spirit of the IV method for estimating wage equation, the

omitted variable bias problem should be negligible. We find that those additional

explanatory variables are all significant with the expected signs; in general, those who

» To verify the exogeneity of the four instruments, see the next section on the sensitivity analysis for a
detailed exogeneity test on various combinations of the four instrumental variables.
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are married, work in construction and finance, insurance, and real estate sectors, and

work at large enterprises tend to receive higher wages. Note that from Table 4, the

result of the conventional OLS estimation rejects the null hypothesis of the DWH test

that the education variable is exogenous; hence, this result justifies the use of the IV

method for the estimation of return to education

From Table 4, using the nine-year compulsory education policy (IV1) as the

instrument, the estimated rate of return to education is 8.57%, higher than that found

by the OLS method. This result remains true (7.85% for IV and 4.95% for OLS) even

after controlling for additional explanatory variables. Thus, the estimated average rate

of return to education by the conventional OLS method will be biased downward

because of the endogeneity of education variable. The instrument variable by the

compulsory education policy suggests that compulsory education will increase the

rate of return to education, as the implementation of compulsory education reduces

the marginal cost of education, especially for those children whose families are

subject to credit constraints.

The instrument of residence area (IV2) also shows an estimated rate of return to

education of 8.01%, higher than the estimate found by the OLS. This result implies

that return to education is higher in urban areas than in rural areas, as urban areas tend
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to provide more and better educational resources and thus lower marginal costs of

education than rural areas do.

As for the instruments of family background variable, the estimated rates of
return to education for the number of siblings (IV3) and father’s education (IV4) are
8.22% and 7.37, respectively, again higher than that found by the OLS method. This
result implies that one with no younger siblings or a father with more education will
tend to receive more family educational resources, thus resulting in more education

and a higher rate of return to schooling.

However, taking four instrumental variables jointly, the estimated rate of return
to education is still higher for the IV method than for the OLS method but lower than
estimates by any single instrument. The reason is that an estimate using a single
instrumental variable usually represents the rate of return for one particular
demographic subgroup, and as we increase the number of instruments in the first stage
regression, the estimated educational achievement will in general become closer to the
real value and thus approach the average marginal rate of return to education for the

whole group.

Comparing the estimates through four instruments, we find that the estimated

rate of return to education is highest for compulsory education, followed in order by
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residence area, father’s education, and number of siblings. This result suggests that

institutional factors such as compulsory education have a stronger effect on return to

education than do family background factors such as number of siblings or father’s

education. In other words, as the compulsory education is a comprehensive

institutional change which generally reduces the marginal cost of education for people,

especially those subject to credit constraints, it is thus the most significant effect on

return to education.

Actually, the estimated rate of return to education found by the OLS method is

not the average marginal rate of return to education, or so-called average treatment

effect (ATE); it also encounters the problems of the endogeneity bias and the ability

bias. In contrast, estimates by the IV method not only avoid the problems of the

endogeneity and ability biases but also provide an estimate of the marginal rate of

return to education for a particular demographic subgroup (Card (1999, P.1855)), an

estimate close to the local average treatment effect (LATE) (Heckman, Lalonde, and

Smith (1999)).
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Table 4. Estimated rates of return to education: OLS vs. IV

OLS V1 V2 V3 1v4 IVI+IV2+IV3+IV4
Years of 0.0562°" 00495 0.0857"  0.0785™  0.0801 0.0722"  0.0822"  0.0750™° 00737 0.0659"" 0.0625"  0.0539""
education
(26.19) (25.17) (10.34) (22.23) (11.75) (10.09) 9.22) (7.82) (18.22) (16.88) (6.22) (5.47)
Tenure 0.0398""  0.0359™"  0.0401""  0.0366™"  0.0422""  0.0364"  0.0443"  0.0365""  0.0419™"  0.0374™"  0.0433""  0.0391""
(12.52) (11.57) (17.21) (16.22) (18.02) (15.11) (15.21) (13.78) (17.72) (16.22) (18.17) (16.98)
Tenure’ -0.0015™"  -0.0014™"  -0.0015"" -0.0011"" -0.0015"" -0.0011""" -0.0015"" -0.0011"" -0.0015"" -0.0011"" -0.0015"" -0.0013""
(-143)  (-11.07)  (-12.62)  (-832)  (-12.92)  (-9.68) (-9.12) (-732)  (-14.11)  (9.02)  (-14.49)  (-12.24)
Work experience  0.0145""  0.0115"  0.0041""  0.0032™  0.0039"  0.0040”  0.0031°  0.0034"  0.0050"" 0.0041"" 0.0049""  0.0039"
(3.51) (3.15) (1.98) (1.65) (1.90) (1.84) (1.62) (1.60) (2.62) (2.41) (2.17) (1.99)
Work. ) -0.0001  -0.0002  0.0001"  0.0001  0.0001"  0.0001  0.0002"  0.0002°  0.0002"  0.0001 0.0001" 0.0001
experience
(-0.86) (-0.62) (1.83) (1.29) (1.75) (1.13) (2.17) (1.68) (2.10) (1.12) (1.71) (1.11)
Sex 0.3216™" 02979 0311077 0.29217" 03044 0297777 0.3022"" 028477 031027 0.2973°7 0314377 0.2907"
(33.12) (28.53) (29.47) (27.45) (29.74) (28.12) (28.47) (26.32) (30.21) (28.18) (31.17) (27.46)
Marital Status 0.0586"" 0.1342" 0.1179™ 0.1216™ 0.1201"" 0.1243™"
(5.02) (12.39) (10.21) (11.12) (10.92) (11.25)
Industry
Agriculture -0.3142"" -0.4022™" -0.3875™" -0.4004"" -0.3972"" -0.3842""
(-12.99) (-15.33) (-14.63) (-14.82) (-15.44) (-14.77)
Manufacturing -0.0332"" -0.1032"" -0.1018™ -0.1011" -0.0981"" -0.0913"
(-2.99) (-6.94) (-7.78) (-7.92) (-6.27) (-8.78)
Water, 0.1056 0.0913 0.0838 0.0911 0.1001 0.1005
electricity, (1.24) (1.32) (0.99) (1.11) (1.01) (1.12)
fuel and coal
Construction 0.1621°"" 0.0763™" 0.0746™" 0.0776™" 0.0812"" 0.0932""
9.73) (5.06) (4.97) (4.43) (6.16) (5.77)
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Transportation,
storage, and
communicatio
ns

Finance,
insurance, and
real estate

Personal and
public
services

Firm size
10-49 persons

50-99 persons

100-499
persons

500 persons
and above

Public sector

Correction term A -1.1700™"
(-6.04)

Constant 3.80717
(72.71)

Observations 7193

0.0544™"

(3.14)

0.11217

4.72)

-0.0251"
(-1.68)

0.0441™"
(3.92)

0.0511
(3.41)

0.0542™"
(3.19)

0.0817""
(3.69)

skokok

0.1176
(6.82)
-1.0127
(-5.09)

3.6191
(122.65)

7193

0.0152 0.0151 0.0150 0.0177

(0.64) (0.75) (0.66) (1.09)

0.1522"" 0.1512"" 0.1561"" 0.1492"™"

(6.92) (7.01) (7.44) (6.98)

-0.0438™" -0.0427" -0.0387" -0.0412"

(-2.77) (-2.53) (-2.42) (-2.67)

0.0901"" 0.0888"" 0.0909™" 0.0878"""

(7.82) (7.44) (7.27) (7.44)

0.1165™" 0.1167"" 0.1201"" 0.1125™

(6.27) (6.45) (6.21) (5.93)

0.1322™ 0.1307" 0.1409™" 0.1324™

(9.39) (8.93) (7.93) (7.74)

0.1698™" 0.1622"" 0.17117" 0.1544™"

(6.66) (6.37) (7.02) (6.02)

0.2501"" 0.2498"" 0.2488""" 0.2341™"

(12.66) (12.47) (11.87) (12.21)
-0.5598™"  -0.4445™"  -0.5300"" -0.4112"" -0.5217"7 -0.4266™" -0.4655"" -03676" -0.4688"""
(21.79)  (-17.08)  (-20.64)  (-16.04)  (-19.76)  (-15.71)  (-17.91)  (-13.77)  (-18.20)
3.5583"  3.6048""  3.571377  3.68077"  3.4428™ 34165 3461477 352457 34225
(34.36) (33.27) (41.18) (44.22) (26.48) (27.12) (71.00) (73.86) (70.45)
7193 7193 7193 7193 6376 6376 7193 7193 7193

27

0.0163
(0.95)

0.1422™"
(6.43)

*

-0.0402"
(-2.51)

0.0776™"
(6.32)

0.1088
(5.87)

0.1228"
(7.21)
0.1412""
(5.93)

ok

0.2219
(11.43)
-0.3617""
(-14.04)

3.5128
(74.29)

7193



Adj-R2 0.3020 0.3494 0.1962 0.2889 0.209 0.2975 0.1928 0.286 0.2335 0.3115 0.2313 0.3100
DWH test for 8077 768"

exogeneity

Over'-lc'lentlfymg 1248 10.68™
restrictions test

Notes: 1. Figures in the parenthesis are t statistics; *, **, *** represent statistical significance levels at 90%, 95%, and 99%, respectively.
2. Reference group: wholesalers, retailers, and restaurants for industry; 1-9 persons for firm size.
3. Instrumental variables: IV1 for compulsory educational policy, IV2 for residence area; IV3 for number of siblings, and V4 for father’s education.
4. Heckman’s (1979) two-stage selection method is used for correcting selection bias. Variables in the Probit model include years of education, marital status, number
of children, and residency area, and A is the sample selection-corrected term (or the inverse Mills ratio).
5. Null hypothesis of DWH test for exogeneity is that education variable is exogenous.
6. Null hypothesis of over-identifying restriction is that all the including instrumental variables are jointly exogenous.
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Sensitivity Analysis

Previous analysis shows that the estimated rate of return to education found by
the conventional OLS method will be biased downward, as the education variable is
endogenous. The IV method not only solves the endogeneity problem but also
provides an estimated rate of return to education for a particular demographic
subgroup. Theoretically, a valid instrument needs to satisfy both the instrument
relevance and instrument exogeneity conditions. However, Donald and Newey (2001)
point out that the most difficult task is to choose the most suitable instrumental
variable from a set of IVs.26 Likewise, for sensitivity analysis, we further perform
tests for relevance and exogeneity conditions for all the possible combinations of our
four instrumental variables to verify the most appropriate instruments. The results are

shown in Table 5.

% See Donald and Newey (2001) for a detailed discussion on the selection and combinations of
instrumental variables.



Table 5. Estimated rates of return to education for various combinations of IVs

Combination ROR to Adj-R* F-test for Over-identifyin
of IVs education relevance g restrictions

test

V1 0.0857 0.1962 19.61

V2 0.0801 0.2090 67.75

V3 0.0822 0.1928 11.42

V4 0.0737 0.2335 579.40

IVI+IV2 0.0791 0.2112 25.17 1.44

IV1 +1V3 0.0844 0.2097 66.24 1.23

IVI+IV4 0.0762 0.2366 591.73 6.85"

IV2+IV3 0.0810 0.2097 17.82 1.02

IV2+1V4 0.0721 0.2311 403.42 7.337

IV3+IV4 0.0784 0.2341 225.70 7.52"

IVI+IV2+IV3 0.0814 0.2110 81.49 2.88

IVI+IV2 +1V4 0.0673 0.2201 499.15 10.2177

IVI+IV3+IV4 0.0651 0.2197 392.42 9.44™"

IV2+IV3+IV4 0.0694 0.2307 552.83 9.07"""

ALL 0.0625 0.2313 609.18 13.52""

Notes: 1. IV1 for compulsory educational policy; [V2 for residence area; IV3 for number of
siblings; and IV4 for father’s education.

2. If F-statistic is smaller than 10, it implies that the selected IV has no explanatory power

and will cause an estimation bias for return to education.

3. Null hypothesis of over-identifying restriction is that all the including instrumental
variables are jointly exogenous.

4. * ** and *** represent the statistical significance levels at 90%, 95%, and 99%,
respectively.

From Table 5, we find that the inclusion of more IVs will reduce the estimated rate

of return to education, as the result from one single IV represents one particular

demographic subgroup. The inclusion of further IVs will increase the explanatory

power for education achievement at the first stage; therefore, the estimated rate of



return to education will conceptually approach the real average marginal rate of return

to education at the second stage wage regression.

However, the two conditions of instrument relevance and exogeneity still need to

be satisfied as valid instruments. Moreover, the criterion for the most effective valid

instrument among the IVs is the one that provides the minimum mean square error

(MSE) for the estimation of rate of return to education at the second stage wage

regression. From Table 5, we find that any single instrumental variable satisfies the

instrument relevance condition; however, every IV combination that includes the

father’s education (IV4) will reject the null hypothesis of the over-identifying

restrictions test, suggesting that the father’s education fails to satisfy the instrument

exogeneity condition and thus is not a valid instrument for education. Among all the

IV combinations, the combination of compulsory education policy (IV1) and

residence area (IV2) not only satisfies both the relevance and exogeneity conditions

but also has the lowest MSE value. Thus, the combination of IV1 and IV2 is the most

effective valid instrument for education variable. Table 6 shows the estimated rates of

return to education for both males and females using IV1+IV2 as the instrument for

education.



Table 6. Estimated rates of return to education for males and females

OLS IV1+IV2

Explanatory

. Male Female Male Female
variable

Years of education 0.05317"  0.0465™  0.0771""  0.0621™"  0.0572""  0.0480"" 0.1407™" 0.1009"""
(2121)  (18.66)  (26.96)  (21.01) (7.33) (7.05) (13.07)  (11.25)

Tenure 0.0471™"  0.0401™  0.0566™" 0.0551™" 0.0410"" 0.0312"" 0.0363"" 0.0302""
(16.88)  (1328)  (11.32)  (10.98)  (13.65)  (11.95) (4.11) (4.95)

2 *ok *ok *ok sk *ok ok
Tenure -0.0017 -0.0015 -0.0015 -0.0017 -0.0015 -0.0011 0.0005 -0.0005

(-14.46)  (-11.78)  (-4.66)  (-3.87)  (-12.62)  (-10.13)  (1.12) (-0.77)
Work experience  0.0209™"  0.0178"  0.0266™" 0.0243™"  0.0015  -0.0014  -0.0069"  0.0054

(9.13) (7.42) (8.98) (8.22) (0.77)  (-098)  (-1.66)  (0.77)

*

Work -0.0003 0.0002  0.0002”  0.0005™  0.0002

-0.0005"  -0.0004"
experience’

-0.0003™

(4.11)  (3.07)  (-3.16)  (-2.96) (2.66) 2.17) (2.43) (0.98)

Marital status 0.0868"" 0.0092 0.1212"" 0.0081
(8.21) (0.29) (9.95) (0.44)
Industry
Agriculture -0.3672 20.0941 -0.4166 -0.0883
(-11.45) (-0.74) (-15.11) (-0.76)
Manufacturing -0.0086 -0.0642 -0.0583 -0.1744
(-0.67) (-2.71) (-3.07) (-9.12)
Water,
electricity, fuel, 0.1862" 0.1177 0.1566" 0.2256
and coal
(3.23) (0.41) (1.82) (0.17)
Construction 0.1544"™" 0.0011 0.0849"" 0.0064
(8.03) 0.21) (3.93) (0.08)
Transportation,
storage, and 0.0569™" 0.0476 0.0432 0.0481
communications
(2.66) (1.33) (1.50) (0.87)



Finance,
insurance, and
real estate

Personal and
public services

Firm size

10-49 persons

50-99 persons

100-499 persons

500 persons
and above

Public sector

Correction term -0.5321"

A

Constant

Observations

Adj-R*

*

(-20.62)

3.8622™

(111.73)

4769

0.1483

*

0.1369™

(3.98)

-0.0054

(0.56)

0.0393"
(2.91)
-0.0072
(-0.43)
0.0104

(0.66)

0.0388

(1.12)

0.0533"
(2.66)

5

-0.4§17*

(-19.11)

3.9328™

(101.45)

4769

0.2203

0.3144™"

(11.25)
3.2918™

(78.66)

2424

0.2750

0.0612™"

(2.78)

-0.0§71**

(-3.34)

0.0887""
(4.07)
0.1487""
(6.01)
0.1266™"

(5.88)

0.1702""

(6.33)

0.2875™"

(10.43)
0.2907""

(9.69)
3.1084™"

(69.33)

2424

0.3164

*

-1.4532"

(-9.93)

40221

(43.45)

4769

0.1046

0.1897""

(5.93)

-0.0107

(-0.43)

0.0497""
(3.21)
0.0526"
(1.79)
0.0796""

(2.99)

0.1203"

(4.41)

0.1621™
(7.12)

-1.3283**

(-8.45)
3.9029"

(40.19)

4769

0.1715

*

0.7328™

(1.76)

2.6891"

(21.12)

2424

0.1302

0.0668""

(2.62)

-0.0263**

(-3.77)

0.1043""
(6.44)
0.2284™""
(9.93)
0.2088™"

(8.12)

0.2227"

(6.77)

0.3605"""

(14.94)
0.5568""

(6.94)
3.1209°"

(26.43)

2424

0.2401

Notes: See Notes in Table 3.

Results from Table 6 suggest that the estimated rate of return to education is

higher for females than for males for both the OLS and IV methods, and that the

estimated return to education is higher for the IV method than for the OLS method for

both males and females, suggesting a downward bias estimation through the OLS



method. For the parsimonious formation of wage equation with only education, tenure,
and work experience as the explanatory variables, the estimated rate of return to
education is 5.31% for males and 7.71% for females by the OLS, and that of the IV
method is 5.72% for males and 14.07% for females.?’ Including additional
explanatory variables of marital status, affiliated industry, and firm size, the estimated
rate of return to education is 4.65% for males and 6.21% for females by the OLS, and
that of the IV method is 4.80% for males and 10.09% for females. These results imply
that the downward bias by OLS estimation is greater for females than for males, as
females are likely to be underinvested in or discriminated against in education due to
family background factors. Thus, for those whose educational choice is critically
influenced by family factors, such as females, the IV method will mitigate the
endogenous downward bias and provide a better estimate for their marginal rates of

return to education.

1. Conclusion

Conventional OLS estimation of rate of return to education by the Mincerian
wage equation has its statistical simplicity in empirical studies, provided that the

education variable is uncorrelated with the error term. If this basic statistical

7 These results are similar to those in Spohr (2003).
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assumption is not true, as is indeed the case in educational choice, the endogeneity of

the education variable will cause the estimated rate of return to education to be biased

downward by the OLS method. To solve for the endogeneity problem, this paper uses

the IV method to estimate rate of return to education using data from the 1990 Taiwan

Manpower Utilization Survey. Instrumental variables include the nine-year

compulsory education policy, residence area, number of siblings, and father’s

education. Except the father’s education, the other three IVs satisfy both the

instrument relevance and exogeneity conditions.

The results show that the estimated rate of return to education is higher for the

IV method than for the OLS method. Among them, the highest estimated rate of

return to education (8.57%) is for the instrument of compulsory education policy,

implying that a comprehensive institutional change such as a nationwide compulsory

educational policy significantly reduces the marginal cost of education for the people,

especially those who are subject to family credit constraints. Thus, the impact on

education is greater for the compulsory educational policy than for residence area or

family factor.

As there is more than one instrument, any combination of IVs can be a valid

instrument. We further perform tests of relevance and exogeneity for all the possible

combinations of four IVs and choose the one with the minimum MSE in the second



stage wage regression as the most effective valid instrument. The result shows that the

combination of compulsory education policy (IV1) and residence area (IV2) is the

most efficient valid instrument, which may give a better estimation for the rate of

return to education. Using this instrument, we further estimate rates of return to

education for both males and females, finding that the estimated rate of return to

education is 5.72% for males and 14.09% for females, which is higher than that found

by OLS, especially in the female group. As females are likely to be underinvested or

discriminated against in education due to family credit constraints, this paper shows

that the downward bias will become more serious for females than for males through

OLS estimation.
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Heterogeneity, Comparative Advantage, and Return to Education:

The Case of Taiwan

Abstract

By considering heterogeneity in abilities and self-selection in educational choice,
this paper adopts the heterogeneous human capital model to estimate rate of return to
university education using data from the 1990 and 2000 Taiwan’s Manpower
Utilization Surveys. The Taiwan empirical study shows that significant heterogeneous
return to education does exist, and that the educational choice was made according to
the principle of comparative advantage. The estimated rates of return for attaining
university were 19% and 15%, much higher than the average rate of return of 11.55
and 6.6%, for 1990 and 2000, respectively. The declining trend of return to university
education may have been caused by the rapid expansion of the number of colleges and

universities and the increasing supply of college graduates in the 1990s.

Keywords: Heterogeneous human capital; Sorting gain; Selection bias; Return to

education; Marginal treatment effect; Average treatment effect

JEL: 121, 128, C23
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Heterogeneity, Comparative Advantage, and Return to Education:
The Case of Taiwan

I.  Introduction

According to human capital theory, people invest in education to accumulate
human capital, enhance personal productivity, and in return receive higher life-cycle
earnings profiles.”* The economic return to education not only affects the individual’s
educational choice and hence his life-cycle earnings but also influences the labor
quality of the whole society, an important factor for the aggregate performance of the
economy and for the planning of government educational policy. Thus, the estimation
of the return to education has become one of the most essential issues in modern labor

economics.

What is the “true” rate of return to education? Education is a form of human
capital investment and accumulation; however, the formulation and identification of
human capital may be quite diverse and usually result in different estimation methods
for the rate of return to education. There are two viewpoints on the formulation of
human capital. One is, human capital is homogenous, and people may choose to have
different units of human capital through investment like education and on-the-job

training, ending up with different stocks of human capital by themselves.”” Following

* See, for example, Card (1999) for a complete theoretical and empirical survey on the relationship
between education and earnings.

¥ The practice of labor in homogenous efficiency unit can be dated back to neoclassical tradition of
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this line of view, researchers use the common coefficient model to estimate the return

to education from the Mincerian wage equation and emphasize the problems of ability

bias and measurement error. The OLS or instrumental variables methods are usually

employed. Another opinion, as in Roy (1951),Willis and Rosen (1979), and Willis

(1986), views human capitals as heterogeneous multidimensional attributes, and

people choose their educational attainment based on the comparative advantage of

their different attributes of abilities. In the case of heterogeneous human capital, the

random coefficient model is usually adopted to estimate the returns on education.

A major problem in the estimation is that education is an investment decision,

and thus the schooling variable is endogenous, which is against the basic exogeneity

assumption of explanatory variables in OLS estimation. Moreover, education is a

self-selection process. In the real world, the data that we observe are results after

selection, and thus not a random sample. For example, it is not possible to find the

wages for those who have received college and university education if instead they

enter the labor market right after they graduate from high school. As a result, the error

term in the regression equation is truncated, and it renders selection bias for the

estimator. If human capital is heterogeneous, as in the Roy model, then heterogeneity

labor economics, see, for example, Clack (1899) and Stigler (1941). Griliches (1977) also points out
that human quality can be measured based on the efficiency units,
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in abilities will reinforce the process of self-selection and thus exacerbate the effect of

selection bias.

Following Roy’s (1951) heterogeneous human capital model and Bjorklund and
Moffitt’s (1987) concept of marginal treatment effect (MTE), Heckman and Vytlacil
(1999, 2000), and Carneiro, Heckman, and Vytlacil (2001) develop a model to
estimate the return to education with heterogeneous human capital.*® The main
features of the model are that the estimation results can be used to test the hypothesis
of heterogeneous human capital and further estimate the average treatment effect

(ATE) and trace the selection bias.

For the past four decades, Taiwan, a small island of 36,000 kilometers with
limited natural resources, has achieved a so-called “economic miracle,” with an
average annual economic growth rate of 8.45% between 1960 and 2000. The
investment in education has expanded greatly in Taiwan. The average years of
education for employed workers in Taiwan have increased tremendously from 7.18
years in 1978 to 11.03 years in 2006, while for the same period, the per capita income
rose from US$1,461 to US$14,455, a roughly ten-fold increase. Thus, the estimation

of the economic return from education is especially relevant. Using data from the

% The marginal treatment effect is the average return for those who are at the critical status of
receiving or not receiving education but eventually decide to take the education. The selection process
is based on the characteristics of the individual’s unobserved abilities. For a detailed description, see,
for example, Heckman and Li (2004) and Heckman, Urzua and Vytlacil (2006).
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1990 and 2000 Taiwan’s Manpower Utilization Surveys, this paper adopts the
heterogeneous human capital model to estimate the rate of return to college and
university education in Taiwan and compares the estimation results with that from the

conventional OLS or IV estimation methods.

This paper is organized as follows. Section 2 lays out the theoretical framework
and empirical method for the heterogeneous human capital model. Section 3 contains
data description and analysis. Section 4 presents estimation results of Taiwan’s

empirical study. The conclusion follows in Section 5.
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2. An empirical model for heterogeneous human capital

Heterogeneous return on education

In the conventional Mincerian earning equation with the assumption of

homogeneous human capital, the common coefficient model can be expressed as

InY, = 55, + X, +U;, (D

where 1 is an index for the individual; InY; is the worker’s average hourly real

wage in logarithmic form; S, is years of schooling; X, represents other variables

i
that influence an individual’s real wage, including tenure, work experience, sex,
marital status, affiliated industry, and firm size; and U, is random error. The

coefficient S 1is the rate of return to an additional year of education.

Due to ability bias and selection bias, OLS estimation for equation (1) will result
in the estimation of the average marginal rate of return to education being biased. A
useful tool to deal with the problem is the instrumental variable method, that is, to
find a set of relevant instruments which is correlated with the schooling variable but
uncorrelated with the real wage or error term; see, for example, Angrist and
Krueger(1991), Trostel, Walker, and Woolley(2002), Patrinos and Sakellariou (2005),

and Sakellariou (2006).
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Empirically, it is very difficult to find relevant instruments. Carneiro and
Heckman (2002) point out that most empirical studies on return to education in the
literature used invalid instruments which tend to have high correlation with the

omitted personal unobserved abilities.”!

If human capital is heterogeneous, the empirical earning equation allowing for

heterogeneous return to education can be specified as

InY, = S, + X, +U,, (2)

where f, stands for heterogeneous rate of return to education. Suppose the
educational choice is whether to attain a university education or not. If S, =1denotes
to attain university and S, =0 is not to do so, and earn only a high school diploma,
then after selection into different educational attainments, the wage profiles for the

two statuses will be different and can be expressed as

InY, = 7,X; +U,,if S, =0; (3a)

InY,, =9, X,+U,,if S, =1; (3b)

where E(U,, | X,)=0 and E(U, | X;)=0. After selection, it is not possible for any

cross-sectional data to have both InY,, and InY,, for the same individual. Therefore,

3! Heckman (1997) and Heckman and Navarro-Lozano (2004) prove that only when individual
unobserved heterogeneity does not exist or does exist but is uncorrelated with an individual’s schooling
choice, the estimated rate of return to education using the IV method can be identified as a consistent
estimator.
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in the case of heterogeneous human capital, estimation using the conventional OLS or

IV methods is not valid.

Further rearranging equations (3a) and (3b) yields

InY, =§,InY,; + (1-S,)InY,,

=[(7, = 7o)X + (U —U)IS; + 7, X; +U,

= BiSi +7,Xi + Uy (4)

where

L= —r) X +U; =Ug). (5)

The term p, represents heterogeneous return to education for individual i. From
equation (5), the term /S, includes observed heterogeneity (3, —y,)X; and
unobserved heterogeneity (U, —U,; ). As these two components are different among
people, thus the heterogeneous return S, will be a random variable following certain

distribution. For a given X, , the mean value of S, is:

B =EB | X)=El(r, - 7)X]. (6)

Suppose people decide whether to go or not to go to university based on the

following rule:
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S/ =R(Z)-Us,

(7

1 if S >0
0 if S <0

where S is a latent variable which stands for the net return from receiving
university education, Z; is a vector of observable variables that affect the
individual’s schooling decision, P, =P(Z,) is the probability of receiving a
university education for individual i, and U represents all the individual’s
unobservable heterogeneity which influences the schooling decision.?? For any
individual, whether he or she will receive a university education or not is mainly
determined by the observable heterogeneity, P =P(Z;) , and unobservable
heterogeneity, U . The smaller the U is, the greater the probability of entering a

university will be.

Selection bias and marginal policy effect

First, according to the study of Carneiro et al. (2001) and Heckman and Vytlacil
(1999, 2000), we define selection bias= E(U,, |S,=1)-EU,, |S,=0) as the
difference of mean value of unobserved attributes for not receiving university

education between those who do undertake university education and those who do not.

32 By definition, U, follows a uniform distribution between [0,1], see Heckman and Vytlacil (1999).
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Further defining treatment on the treated (TT) as the average policy effect for those

who participate in the program (S, =1), i.e., the average return to university for those

who receive university education. Treatment on treated can also be expressed as
TT =E(8 | X,.5, =1) = ATE+ E(U,, ~U,; |S, = 1), ®)

where the average treatment effect (ATE = E(S, | X,)= ) as the mean value of the
sample with particular characteristics X , and E(U;; =U; | S; =1) is defined as sorting
gain, the mean difference of the unobserved heterogeneity between going to
university and not going to university for those who choose to have university
education. Thus, from equation (8), we have sorting gain (=TT — ATE)) is equal to the
rate of return to university for those receiving university education minus the average

rate of return to university education from a random sample with similar observable

attributes  X;.

The rate of return to education under OLS can be expressed as
plim( By )= E(INY, | X,,S, =1)— E(InY,; | X,,S, =0)
=E(B | X,,S,=D+[EU |S;=D-EU |S, =0)].
By the definitions above, we have

Pos =TT + Selection bias
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=ATE + Sorting gain + Selection bias.

Therefore, the bias between S, and treatment on the treated (TT) is selection bias,
and the bias between /f,  and average treatment effect (ATE) is sorting gain plus
selection bias. If policy adoption is made with partial or full knowledge of the
idiosyncratic gain to policy adoption, then neither can the IV method identify the

mean effect of the policy.*

Likewise, treatment on the untreated (TUT= 4 +E(U, -U,|S, =0)) is the

average policy effect for those who do not attend the program, i.e., the average return

to university for those who do not receive university education (S; =0).

Under certain assumptions it is possible using the local instrument variables
(LIV) method to derive the marginal treatment effect (MTE) and estimate
heterogeneous rate of return to education.’® Marginal treatment effect is defined as
given personal characteristics ( X, ) and unobservable heterogeneity (U ) the
marginal gain of an individual who is indifferent to choose university education and
not to choose it. Thus, the marginal treatment effect is the marginal price for an

individual who is willingly to pay for university education.”> From MTE, we can

33 See Heckman, Urzua and Vytlacil (2006) for a detailed proof.

*For a detailed discussion of how to use the local instrumental variable method to estimate marginal
treatment effect, see, for example, Heckman and Vytlacil (1999, 2000), and Carneiro, Heckman and
Vytlacil (2001).

% The marginal treatment effect may change as the unobservable heterogeneity (Us) changes.
Carneiro, Heckman, and Vytlacil (2000) proves that if MTE does not change as Us changes, in this case
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further identify all other policy effects as weighted averages of MTE. Therefore, the
empirical strategy is to test whether the model of heterogenous human capital

hypothesis generates the data.

3. Data Analysis

This paper adopts data from the 1990 and 2000 Taiwan Manpower Surveys.
Table 1 shows all the variables used in the paper and their definitions. Table 2
presents basic statistics of the variables. The samples for 1990 and 2000 are 7,193
persons and 7,626 persons, respectively.’® Among them, 6% and 12.5% received
university education, respectively, implying that the number of workers receiving
university education doubled between 1990 and 2000. The tenure is 3.55 years and
4.30 years, and previous work experience is 6.09 years and 6.56 years for 1990 and
2000, respectively. The percentages of females in the sample are 34% and 31%, and
the percentages of married individuals are 31% and 35% for 1990 and 2000,

respectively. For the same period, the percentages of those working in manufacturing

TT = ATE = MTE = LATE.

% For the purposes of comparison between the conventional OLS and IV models and our
heterogeneous human capital model, we only choose samples with completely intergenerational
information such as the number of siblings, which can only be obtained from the sample’s mother and
is used as an instrumental variable for education. However, we also do the estimation on return to
education for all models by using the large samples without restrictions on intergenerational
information and the estimated results are similar to what we report here.
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are 38% and 30%, respectively, followed by wholesale, retail, and restaurant, 18%

and 23%, and public and personal services, 17% and 16%. As for the firm size, most

of the workers work in small and medium enterprises (below 50 persons) with

percentages of 70% and 72% for 1990 and 2000, respectively, while the percentages

of those who work in large enterprises (above 500 persons) are 3.7% and 4.6%,

respectively. There were respectively 8.7% and 7.2% of workers in the public sector

in 1990 and 2000.
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Table 1. Variable names and definitions

Name

Definition

Wage

University
education

Work
experience

Sex

Marital status

Industry

Firm size

Real hourly wage in logarithmic form.

Schooling dummy: 1 for receiving university education and zero
otherwise.

Age-years of education-6 as the proxy for work experience. As
males in Taiwan have to attend military service for two years, an
additional two years will be further subtracted for the male sample.
In some cases, we further separate work experience as tenure (work
experience in current job) plus general work experience (experience
before current job).

Gender dummy: 1 for male and zero for female.
Dummy variable: zero for not married and 1 for others.

Industry dummies: The eight industries include agriculture, forestry,
fishery, and husbandry; manufacturing; water, electricity, and coal;
construction; wholesale, retail, and restaurant; transportation,
storage, and communication; financial, insurance, and real estate;
personal and public services; with wholesale, retailer, and restaurant
as the reference group.

Firm size dummies: firm size is classified by the number of
employees, 1-9 persons, 10-49 persons, 50-99 persons, 100-499
persons, above 500 persons, and work in the public sector, with 1-9
persons as the reference group.

Table 2. Basic statistics of the variables

1990 2000
Variable name Mean S.D. Mean S.D.
Wage 4.684  0.441 4.995  0.506
University education ~ 0.060  0.238  0.125  0.331
Tenure 3.548 4172 4299  4.728
Work experience 6.087 5703  6.565  6.069
Sex 0.663 0473  0.690 0.463
Marital status 0.318 0466 0354 0478
Industry
Agriculture 0.046 0210 0.035 0.184
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Manufacturing 0.381 0486  0.295 0.456

Water, electricity,
and coal Y>0.005  0.072  0.002  0.044

Construction 0.105 0307  0.121 0.326

Wholesale, retail,
and, restaurant 0.183 0387 0.227 0419

Transport, storage,

and o 0.059 0.235 0.049 0.215
communication

Finance, Insurance, o gs4 0227  0.041  0.198

Personal and Public 0.167 0373 0.155 0.362

services
Firm size
1-9 persons 0.439 0496  0.448 0497
10-49 persons 0.258  0.438 0273  0.445
50-99 persons 0.073 0.261 0.065 0.247

100-499 persons 0.105 0307 0.096  0.295

Above 500 persons  0.037  0.189  0.046  0.208

Public sector 0.087 0281 0.072  0.259
Samples 7193 7626

Source: Taiwan Manpower Utilization Survey, 1990 and 2000.

4. Estimation results

For comparison, we first estimate the rates of return to university education for

1990 and 2000, respectively, by using the conventional OLS and IV methods. The

results are shown in Table 3. As expected, the Durbin-Wu-Hausman test suggests that

the education variable is endogenous and thus the estimated return to education by

OLS will be biased and inconsistent. If the education variable is not exogenous,

Griliches (1977) proposes the use of the instrumental variable method to tackle the
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problems of ability bias and endogeneity. The use of instrumental variables to
estimate return to education requires that instrumental variables satisfy the instrument
relevance and instrument exogeneity conditions; i.e., the instrumental variable should

be correlated with one’s educational choice, but uncorrelated with one’s wage rate.’’

From a policy perspective, the implementation of a compulsory educational
policy significantly enhances the structure of labor quality of the developing countries,
especially for those groups that are subject to family liquidity constraints. Compulsory
educational policy is an institutional change which includes building of new junior
high schools and recruiting new educational staff and teachers, and thus it is closely
related to an individual’s educational investment.® As educational resources are
different among different residential areas, they thus have different impacts on
individual’s educational achievement.** Moreover, given family budget constraints,
the greater the number of siblings there are, the smaller the educational resources that
are available to each child. We therefore use the nine-year compulsory education

policy, residential area, and the number of siblings as instrumental variables for

37 See, for example, Heckman and Vytlacil (1999) and Blundell et al. (2003) for detailed discussion on
this point.

¥ Numerous studies have shown that a compulsory educational policy has a significant effect on return
to education, see, e.g., Angrist and Krueger (1991); Cruz and Moreira (2005); and Sakellariou (2006),
among others.

3 For example, Duflo (2001) chooses personal residential area as an instrument, since the educational
resources may be different among regions under different policies. Moretti (2004) uses demographic
structure in the city and land-grant university as instrumental variables to estimate the spillover effect
of education and social rate of return to education.
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educational choice, as they will be correlated with an individual’s educational

achievement but have no correlation with an individual’s ability or wage.

For the validity of the IV method, the relevant tests include using the partial
coefficient of determination or F-test to test the explanatory power and sign of the
instrumental variable on the endogenous education variable at the first step of
regression. As for the exogeneity test, to ensure that the selected instruments have no
relationship with the unobserved error term, the over-identifying restrictions test is
used as the orthogonality condition for all the instruments. The results in Table 3
show that the instrumental variables we choose satisfy both the instrument relevance

and instrument exogeneity conditions.*’

The estimated wage premiums for university education for OLS and IV methods
are 39.27% and 82.14% (corresponding to average annual rate of return at 9.82% and
20.54%) in 1990 and 33.33% and 69.12% ( corresponding to average annual rate of
return at 8.33% and 17.28% ) in 2000. Annual rates of return to tenure for the two
methods are 4.02% and 3.83% in 1999 and 4.59% and 4.46% in 2000, while those to

previous work experience are 1.12% and 0.85% in 1990 and 1.24% and 0.99% in

0 We also conducted separate tests for each instrument; they all satisfied the required conditions for a
valid instrument. However, we find that the inclusion of further IVs will increase the explanatory
power for education achievement at the first stage; moreover, the inclusion of all three variables
provides the minimum mean square error (MSE) for the estimation of rate of return to education at the
second stage wage regression. It means that the combination of the three IVs is the most effective valid
instrument. We thus adopt the nine-year compulsory education policy, residential area, and the number
of siblings as our instrumental variables.
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2000. The results in Table 3 show that the estimated rate of return to university
education is higher, about double, in the IV method than in the OLS; moreover, the
rate of return is higher in 1990 than in 2000. The decline in the rate of return may
reflect the large expansion of university education, which has increased the supply of
college graduates since 1990.*' As for other explanatory variables, marital status,
industry, and firm size all significantly affect the worker’s wage. In general, workers
who are married, work in construction, transportation, storage, communication,
finance, insurance, or real estate, and work in large enterprises, tend to receive high

wages. These results are consistent with the literature.

Table 3. Rate of return to education—OLS and IV methods

1990 2000
OLS v OLS v
University education 0.3927 0.8214 0.3333 0.6912
(22.20) (18.25) (21.66) (15.38)
Tenure 0.0402 0.0383 0.0459 0.0446
(17.03) (15.21) (17.98) (15.35)
(Tenure)” -0.0015 -0.0015 -0.0013 -0.0013
(-15.27) (-14.75) (-11.70) (-9.32)
Work experience 0.0112 0.0085 0.0124 0.0099
(5.68) (2.80) (5.66) (4.42)
(Work experience)” -0.0003 -0.0002 -0.0004 -0.0003

*I Due to government policy on expanding higher education facilities, the number of colleges and
universities in Taiwan has increased from 46 in 1990 to 127 in 2000. As a result, the enrollment rate of
colleges and universities has increased tremendously, climbing from about 40% in 1990 to 57.7% in
2000, implying easy access to college and university education. It should be mentioned that in 2007,
the college and university enrollment rate had soared to nearly 100%.
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(-4.23) (-2.92) (-4.30) (-3.28)

Sex 0.2870 0.2837 0.1778 0.1689
(27.40) (26.75) (14.87) (13.88)
Marital Status 0.1047 0.1215 0.1064 0.1058
(9.12) (10.50) (8.16) (7.99)
Industry
Agriculture -0.3989 -0.3595 -0.4828 -0.4667
(-15.99) (-14.18) (-14.99) (-14.27)
Manufacturing -0.0819 -0.0736 -0.0533 -0.0546
(-6.26) (-5.55) (-3.85) (-3.87)
Water, electricity, 0.1094 0.1030 -0.0172 -0.0473
and coal
(1.41) (1.31) (-0.12) (-0.33)
Construction 0.0904 0.1152 0.1080 0.1216
(5.32) (6.68) (6.05) (6.69)
T;%ﬁspoﬂ, storage, 0.0418 0.0379 0.0550 0.0443
communication (2.02) (1.81) (2.32) (1.84)
Finance, insurance, 0.1119 0.1257 0.0480 0.0631
and real estate
(5.38) (5.99) (1.94) (2.51)
Personal and public  -0.0657 -0.0456 -0.0004 0.0252
SevIEEs (-4.26) (-2.93) (-0.03) (1.61)
Firm size
10-49 persons 0.0733 0.0738 0.0817 0.0891
(6.51) (6.48) (6.48) (6.96)
50-99 persons 0.0784 0.0935 0.1242 0.1529
(4.38) (5.18) (5.88) (7.16)
100-499 persons 0.0982 0.1096 0.1635 0.1925
(6.23) (6.89) (8.82) (10.28)
500+ persons 0.1230 0.1188 0.1744 0.2093
(5.25) (5.01) (6.89) (8.180)
Public sector 0.1922 0.2090 0.2115 0.2814
(10.80) (11.65) (9.92) (13.31)
Constant 4.2783 4.2605 4.5538 4.5380
(295.00) (287.98) (292.63) (281.90)
Validity test of

instruments for
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education

F-test 81.24 66.49
Over-1dentitying 3.12 779
restrictions test :
Durbin-Wu-Hausman s s
(DWH) endogeneity -6.22 -7.45
test
Observations 7193 7193 7626 7626
Adj-R* 0.3316 0.3174 0.2332 0.2105

Notes: 1. Figures in the parentheses and square bracket are t-statistics and p-value,
respectively; and *, ** and *** stand for statistical significance levels at
90%, 95%, 99%, respectively.

2. Reference groups: wholesale, retail, and restaurant for industry; 1-9 persons
for firm size.

3. Instrumental variables for education include nine-year compulsory
educational policy, urban and rural regions, and number of siblings.

4. The F-test is for the instrument relevance condition (the significance of
coefficients of all the instrumental variables). A rule of thumb is that F
statistics should be greater than 10 and any values below 10 imply that the
selected instrumental variables have insignificant explanatory power and thus
generate estimation bias.

5. The Null hypothesis of over-identifying restrictions test is that all the
including instrumental variables are jointly exogenous.

6. The Null hypothesis of the Durbin-Wu-Hausman test is that the potential
endogeneity of the variable does not bias the estimated coefficients.

Under heterogeneous human capital, figures 1 and 2 show estimated marginal

treatment effects for 1990 and 2000. The marginal treatment effect measures the

average price that an individual is willing to pay for university education under given

personal characteristics and unobserved heterogeneity. From figures 1 and 2, MTE

declines as individual’s unobservable heterogeneity (Us) increases, but at a decreasing

rate. Suppose that individuals choose to have university education according to
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equation (7). Results in figures 1 and 2 imply those who are likely to have university
education (with smaller Us) are willing to pay a higher price, i.e., higher MTE; while
those who are less likely to have university education (with greater Us) tend to pay a
lower price, i.e., smaller MTE. In other words, those who receive university education
tend to have a higher marginal rate of return to education. Thus, the selection process
of schooling undertaken is based on the principle of comparative advantage.*> Those
who are suitable for university education choose to enter university, and those who
are better suited to solely having a high school education choose not to enter
university and instead go into the labor market after graduating from high school. This
phenomenon is consistent with the saying that “Every trade has its master.” For
example, if individuals who acquire more schooling become lawyers and those who
do not become cooks, then the former are better lawyers than the average cooks
would be if they became lawyers; the latter are better cooks than the average lawyers
would be if they became cooks. Hence, the policy implication derived from the
analysis supports the education system that separates vocational and technical
education from the general educational track, as not all people are suitable to receive a

college or university education.

2 See also Willis and Rosen (1979) for the similar results of selection according to comparative
advantage.
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Comparing the estimated MTE in 1990 and 2000 from Figures 1 and 2, we find
that though the shape looks the same, MTE is greater in 1990 than in 2000, implying
that for equal probability of entering university, the marginal rate of return to
university education is higher in 1990 than in 2000. It should be reasonable to infer
that easy access to colleges and universities under the college expansion policy in the
1990s and the increased supply of college and university graduates caused the decline

in marginal return to education.

The estimation results from the Taiwan study firmly support the theory of
heterogeneous human capital and hence heterogeneous return to education.
Unobserved heterogeneity (Us) determines heterogeneous MTE and hence
heterogeneous marginal rate of return to education, and the declining trend of MTE
curve justifies the selection on the unobservable heterogeneity.” Therefore, the
estimated results from the conventional OLS and IV methods do not consider the
unobserved heterogeneity among individuals and thus fail to correctly infer the “true”

rate of return to education.

 We perform test on MTE function to see if it is statistically different from zero by log linear
regression analysis. The result does show that the estimated slope is significant different from zero with
values -1.499 and -0.928 for 1990 and 2000. Therefore the MTE is not flat but downward sloping.
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Figure 1. The estimated marginal treatment effect (MTE) for 1990

(MTE)
0.8

(0

0.0 0.2 0.4 0.6 0.8 1.0 (WUs)

Figure 2. The estimated marginal treatment effect (MTE) for 2000

The estimation bias can be further calculated. Table 4 lists various estimated
policy effects for 1990 and 2000. The average treatment effect (ATE) is 45.99% for

1990, implying that given individual personal characteristics, the average annual rate
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of return for four years university education is 11.5%. Using the conventional OLS
method, the estimated coefficient is 39.27% (9.82% annually), implying an
underestimation for OLS; while the estimated value for the IV method is 82.14%
(20.54% annually), implying an overestimation for the IV method.** Comparing the
estimation results, we have B, > ATE > g, for 1990 and p, > B, > ATE for
2000, and in all cases, the estimated coefficients are always larger in 1990 than in

2000. The difference between estimates is attributed to selection bias and sorting gain.

The treatment effect on the treated (TT) is 77.45% (19.36% annually) in 1990,
implying that the annual wage for those who have university education is 19.36%
higher than what they will get provided that they do not enter university and go to
labor market after graduating from high school. The treatment effect of the untreated
(TUT) is 64.7% (16.18% annually), implying that for those who do not go to
university, their annual wage would be 16.18% higher if they did enter university
after graduating from high school. Comparing the results of TT and TUT in Table 4,
we again find that the selection process works according to the principle of
comparative advantage, for the wage premium for those who receive university
education is indeed higher than for those who receive high school education but

instead choose to enter university. Thus, under self-selection, those who receive

* Depending on the choice of instruments, the estimation results of the IV method may likely
represent the rate of return to schooling for a specific group, i.e., a local average treatment effect.
See, for example, the discussion in Griliches (1977) and Card (2001).
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university education are indeed more suitable to enter university, as their rate of return

to education is higher than those who do not enter university.

The treatment effects on the treated and on the untreated are 59.87% and 47.14%

(14.97% and 11.79% annually), respectively, in 2000. Similar implications are for the

selection but smaller in estimated value than that in 1990, implying a declining trend

of rate of return to education in the 1990s. However, on average, the difference

between TT and TUT remains stable, at about 3.2 percentage points annually.

Table 4. Comparison of estimated coefficients for different methods

Estimated value Estimated value
(1990) (2000)

OLS 0.3927 (0.0982) 0.3333 (0.0833)
v 0.8214 (0.2054) 0.6912 (0.1728)
ATE 0.4599 (0.1150) 0.2655 (0.0664)
TT 0.7745 (0.1936) 0.5987 (0.1497)
TUT 0.6470 (0.1618) 0.4714 (0.1179)
Bias -0.0672 (-0.0168) 0.0678 (0.0170)

Selection bias ~ -0.3818 (-0.0955)  -0.2654 (-0.0664)

Sorting gain  0.3146 (0.0786) 0.3332 (0.0833)

Notes: 1. Figures in the parentheses are the annual rate of return.
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2. Selection bias = OLS — TT.
3. Sorting gain =TT — ATE.
4. Bias = OLS — ATE = selection bias + sorting gain.

The discrepancy between the estimated rate of return to education by OLS and
average treatment effect is the bias caused by selection bias and sorting gain. From
Figure 4, selection bias is significantly negative, 38.18% (9.55% annually), in 1990,
implying sorting on the unobservable heterogeneity, and the selection process is
significant in Taiwan. The sorting gain is 31.46% (7.86% annually) in 1990, implying
that the rate of return to university education is much higher than the average
treatment effect, i.e., average rate of return to university education (E ). These results
reconfirm the sorting on the heterogeneous attributes according to the principle of
comparative advantage in making the individual’s educational decision. Comparing
the results from 1990 and 2000, we find that selection bias tends to decline while
sorting gain tends to increase, though at a moderate scale, in the 1990s. The persistent
magnitude of sizable sorting gain in both 1990 and 2000 confirms the existence of

essential heterogeneity among individuals.

In sum, due to selection bias and sorting gain, the estimated rate of return to

education by the conventional OLS and IV methods are subject to bias, though the

37



bias is not sizable, at around 1.7 percentage points, because of the offsetting

consequence by selection and sorting.

We further conduct a numerical analysis to estimate the heterogeneous returns to
education in Taiwan in 1990 and 2000.* The results are shown in Figures 3 and 4.
We find the expected rates of return to education in 1990 and 2000 are a random
variable that follows certain distribution, representing the distribution of underlying
heterogeneity in human capital. The expected rate of return to education in 2000 is

skewed to the left and less dispersed than that in 1990.
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Figure 3. The distribution of the expected rate of return to education, 1990

* Applying equation (5), the estimated returns to education is calculated by
Bi =1 —70)X; +(Uy; =Ug; ), where U =InY;; —InY;;,j=0]1.
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Figure 4. The distribution of the expected rate of return to education, 2000

5. Concluding remarks

Due to heterogeneity in human capital, the individual will self select his or her

educational attainment. In this situation, sorting and selection on unobserved

heterogeneity results in a bias estimator for rate of return to education using the

conventional OLS and IV methods. The OLS tends to underestimate, while the IV

method tends to overestimate. By considering heterogeneity in an individual’s

abilities and self selection in education, this paper estimates the rate of return to

university education in Taiwan using Manpower Utilization survey data for 1990 and

2000.
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Estimation results show that without considering an individual’s heterogeneity in

abilities and selection in educational choice, the OLS and IV methods will generate

bias and inconsistent estimators for the effect of treatment on the treated. The

estimated marginal treatment effect confirms the heterogeneous human capital

hypothesis, that there is a heterogeneous rate of return to education among individuals.

The declining trend of the MTE curve further justifies the self selection on

unobserved heterogeneity according to the principle of comparative advantage, that

those who attain university are more willing to pay a higher price for schooling and

hence tend to obtain a higher return on education.

The estimated average annual rates of return to university education are 11.5%

and 6.64% in 1990 and 2000, respectively, higher than the coefficients estimated by

OLS. However, for those who receive university education, their marginal rates of

return to education are 19% and 15% for 1990 and 2000, respectively, higher than the

average rate of return. Moreover, the expected rates of return to education in 1990 and

2000 are a random variable that follows certain distribution. These results are all

consistent with the theory of self selection on unobserved heterogeneous abilities. As

for the declining trend of rate of return to university education, it may be caused by

the rapid expansion of colleges and universities and the increasing supply of college

graduates in the 1990s.
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Thus, major implications of our findings are that as heterogeneity creates sorting

gain among individuals, the finding of very significant and persistent sorting gains for

those who choose to have university supports the heterogeneous human capital

hypothesis. Moreover, the estimated average treatment effect will significantly

different from the effect of treatment on the treated, i.e., the average rate of return to

education will be significantly less than the rate of return to those choose to have

university. However, the implementation of college expansion policy in the 1990s

tends to reduce the average rate of return to education over time, and at the mean time

the magnitude of selection bias will also decline too as more and more high school

graduates start to enter the university under college expansion policy. As a result, the

the bias between the estimated effect by OLS and the effect of treatment on treated

will shrink.
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4 2 B 4_F 7% g it (strengthened) & 5 4% (supplementary) B % > 2 I fede
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1 FRAITREZ R/ ETERR v oo
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B FRANHFEEE
FALL $5

Av r* 1978 £ 3 2004 £ eniFrce it i T A4 EY AL | RAT

Ao FEAAFFARPTHRILHLT R > 2 e REFEYRI BT
FAC B KFEREFZAF AT > TEEEBASE B K
TARR CEEELL - FREEAC R AEHSRT I TR TG
ERFA G AP LR 2 RGE  FE D FP AR
FAFF(FELFF LI EF) L~ pFiFRH2 AP RS (T

Foar R #F-ERKEs Ao i F- BN Bkl 2
&5 1920 &£ 3 1929 & > Bl#-2 A7 5 1920 £ 214 hX 5 12 1920s
ez o FP 1920 £ R M4 g 5 3 1978 & Bl e T A 48 A
357 pkF - 1979 E R enB TG AL Z 49 K 3 58k K..2004 E & L 74
I 83 fh o I ERAL o AU - 1978 £ & 32004 # B 0T R ETo
FAF A 5 19205 & 1970s = B F fpert (%> CEAPRE - G R o
BeABE ARG R AR A CIRIE - () i A B T AL L A
B A AR B 4 S P ST BB P A BL o Gl4e > 19205 P
AEEG 1920 R A N A B A 48 kT 65 iz 2 Ak R AR
@ 1930s ~ 1940s ~ 1950s ~ 1960s £2 1970s /& & 12 4p b ¢ N 4a B2 o 4 1

p\?\:ln\z PE--EH«%ZPE'T’*F—JW’ ﬁtméﬂ\fu;’l"« o

L1 RlA A TR

" 19208 V[ 1970s 1 EAVTVR] > [TFSTRRIEOBA B D o SRR RO NS T R
Fﬁﬂ T NS [y}{i‘[’ VA

B9 H' VPR EEA N CF ) I gj&gﬁ Ul F > Deaton and Paxson(1994)ffiﬁwﬁ (2004a)fil
- E‘E’F = [l Bl i ER I IRAFE R A (1996) « JEEF(1996)EF 1 u(zooO)
&~ Wi - | 1‘“%4*14 ko
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>Rk A

1920s 1930s 1940s 1950s 1960s 1970s
T 17233,59  21744.00 27529.28 28823.14 27054.85 26790.78
(14713.77)  (21588.49)  (26576.14)  (23773.17)  (20534.37)  (12567.29)
T E K 6.29 6.39 7.97 9.96 11.15 12.20
(4.67) (4.05) (4.08) (3.58) (2.79) (2.34)
Heh 1 TSk E i 42.89 37.56 28.95 18.30 10.30 5.40
(8.20) (8.89) (9.74) (9.20) (6.88) (3.87)
BBk 5k & B 24.40 21.17 17.45 11.27 6.15 2.85
(14.18) (12.68) (10.61) (837) (5.69) (3.14)
ABE T E K 18.49 16.39 11.49 7.03 4.15 2.55
(13.86) (12.09) (9.25) (6.34) (4.07) (2.30)
R E b
PEFEA Y 0.2540 0.1810 0.0826 0.0108 0.0007 0
-] 0.4376 0.5631 0.5112 0.3240 0.0917 0.0159
IR 0.1104 0.0920 0.1236 0.1825 0.3067 0.2047
k-3 0.0646 0.0423 0.0614 0.0925 0.0940 0.0964
BB 0.0401 0.0522 0.0969 0.1968 0.2960 0.3676
L 0.0387 0.0337 0.0545 0.1050 0.1251 0.1955
= 0.0547 0.0357 0.0697 0.0885 0.0858 0.1200
e~ i 31634 78677 118234 213946 202499 88541
I ERE R
R 18021.48  23379.69 30555.40 32422.21 31709.92 29565.72
(14950.98)  22108.63 (29136.39)  (25869.85)  (23194.08) (13438.27)
T E K 6.73 6.82 8.40 10.12 11.20 11.94
(4.52) 3.91 (3.85) (3.45) (2.71) (2.39)
el TSR M 42.69 37.38 28.50 17.89 10.63 5.41
(6.84) 7.71 (8.93) (8.62) (6.55) (3.81)
T 5 & 23.70 19.96 16.22 10.46 6.15 2.82
(13.72) 12.01 (9.74) (7.55) (5.29) (3.05)
ABE T E K 18.98 17.42 12.27 7.42 4.47 2.59
(13.91) 12.12 (9.38) (6.47) (4.27) (2.36)
ELaEll Y
PEFEAY 0.2038 0.1338 0.0438 0.0036 0.0002 0
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-] 0.4633 0.5870 0.5168 0.3039 0.0671 0.0156
IR 0.1213 0.0981 0.1354 0.2029 0.3475 0.2582
k-3 0.0682 0.0458 0.0677 0.1014 0.0952 0.0988
B B 0.0440 0.0602 0.1056 0.1912 0.2772 0.3498
g 0.0402 0.0337 0.0529 0.1086 0.1286 0.1737
= 0.0592 0.0415 0.0779 0.0885 0.0842 0.1039
#* A 27546 63242 86828 145121 117228 45550
A
FE 11924.61 15042.04 19162.98 21234.34 20655.18 23850.67
(11693.82)  (17806.77)  (14718.69)  (16149.23)  (13821.17) (10823.05)
T E K 3.35 4.63 6.78 9.63 11.10 12.47
(4.56) (4.16) (4.46) (3.81) (2.88) (2.25)
e TSk K 4431 38.29 30.19 19.17 9.86 5.40
(14.23) (12.62) (11.59) (10.28) (7.27) (3.94)
TLBR S 5k & Hic 29.14 26.11 20.86 12.97 6.15 2.88
(16.20) (14.09) (12.06) (9.65) (6.21) (3.24)
ABE T E K 15.18 12.18 9.33 6.20 3.71 2.52
(13.01) (10.99) (8.50) (5.96) (3.75) (2.24)
R BB
FEF B 0.5922 0.3743 0.1900 0.0260 0.0013 0
E3RE 0.2649 0.4654 0.4956 0.3664 0.1254 0.0161
IR 0.0364 0.0674 0.0912 0.1394 0.2506 0.1480
k-3 0.0401 0.0280 0.0441 0.0736 0.0923 0.0938
% B 0.0139 0.0193 0.0731 0.2087 0.3220 0.3865
g 0.0284 0.0338 0.0587 0.0975 0.1204 0.2185
= 0.0240 0.0119 0.0472 0.0884 0.0880 0.1370
A 4088 15435 31406 68825 85271 42991

FTHR&R D Frcizh i "4 4@ %A 4 1978-2004 £ R 4sFAL o

HE N T SHREL -

a8

2 1lenghgn TR ET F 1950 & 2 FhoF L 28,823

)

=t

21920 ¥ R 3 F R 17,234 A0 B 9 PR AR T D

BorL ko AT ERC G 0 fEESY S KT EHg L 1920
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LR A A BT BT 629 # 0@ 1970 € A A4 A 0 H ¥
T EEN G 122 £ f 2 ¢ ,44131%1’1‘11 RO XBERT (BfpEF
PLE D) At bl AR AR 0 Blde 1920 € R A Rk 0 X B B KT K
W4 9.3% @ 1970 £ R A4 A 0 X B E AT 0L HR| AL 30% © ¥
FTHEANKT ERELZERT T F LA 0 2B A D
S & B RIS AGE r B R R A b MYciiE £ MR A gk & K
BB RE R N A1920 K A A ko B T e sk E #ich 42.89
£ (B MBS Gk Ed ARE T ERA B 5 244 £ 1849 £ )

1970 & % 4 2 enfih > H Tiog s E W 54 & (H Y RBH SRk &
BBhE T E A w5 2.85 F¥ 255 &) oMbtk d R ey AR
AT H A AREL DR N S FE e A T 3R

A OBE R R T L A F R e G SR L -

b1 F Sdcenp it Y > Heckman (1979):n i ¥ d 422 5 ah TR AEH
4 | (sample selection) &~ B £ & chF 4E - Fla B F 52§ &7 HH A
BIIBIF § R FT B kL FdhEem TERE | 4
ERFIFTORARGI > T gF KA T AR T B3R
FIp oo AR A EE DR R 0 % Heckman B FREERFA 0 B - PR

F e el od FH O F Y H inverse Mill’s ratio » £ 4c »

2 AV ';i&“rfrfpmfgfq# (TR 7o 7“:&;&;?, H it [iﬁJF: T SRR
PP U S BRI, - (SR B s GRS A i g
25 T (SRR S ri?ﬁ#s¥5$ﬁﬁj§:ﬁ’— FI T 35 ey ﬁlﬁfﬂlﬁ%e}ﬂﬁﬁwﬁ B
fAshee=" (SRR B o o Il 8 PR pugs, #%vﬁ'tﬁil%’ (R ORI P
T (SRR A .
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FIOPFERLF S #hOLS & QR e AP 0 ¥ - PR B A S
gt s

Z, =W,y +U, (3)

, 1 if z. >0
v i = . * 4
- o ifz <0 “

HOOW R REE R FEE B A S R R R E B A TIEE S
(TS 10k LG 0) E &S T E e B FLEFIA RN E T BT (]

FARLRFFAE 0 TR AR I AP L 1L 0%

sl
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El](z);\' Mincer 1 ? = %i;\. j&.;i:{j} ;‘;

W, :{xiﬂ+gi _if zi: >0 5)
— if z, <0
Flpt o (6)5N i B H 2 EF £ 5
E(InW, W, is observed ) = E(InW, ‘zi* > 0)
=E(xB+é&wy+u; >0)
=X, B+E(&|wy +u; >0)
=X+ B4 (6)

U e gnﬁ‘u H= R ‘W‘J Iﬁﬁﬁ'ﬂ‘J PRI LR TR R R Ui
FEERULFFHEE > 20 ‘H[@Tﬁllfki_? B

] B ﬁuﬂ%&*ﬁﬂxﬁ%ﬁ ,H W R Y ) B
fmm AT REAEIE - ORI wﬂﬁ Riageit: %'ﬁﬁuaﬂlﬁm Yo
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# ¢ A % inverse Mill’s ratio » ¥ i ¥ Buchinsky (1998) ez & » ~ < &

(S

R

‘
\\\?@r

SEEFMORE 218 0 & QR A Y A~ - R oo 1 ih

inverse Mill’s ratio  °

2 A MR AT RTFEMIF T RIS EXFIER

1R AR R R AL S - RERL TR T aR P
g L

AR BT =R e A R oS i 2 g S BRI A e A B

Kfpdld S e ~ARBUE T A A s BFHDERTHE & S8 DT

% 2~ EH 1 IF2 F -Probit #7)

1920s 1930s 1940s 1950s 1960s 1970s

¥%T & H 0.0128°  0.0169 0.0290  0.0313  -0.0523 -0.1316
(0.0013) (0.0010) (0.0009) (0.0008) (0.0009) (0.0015)
X7 01039 -0.0718"  -0.0393""  0.0100°°  0.0747  0.1955
(0.0014) (0.0006) (0.0004) (0.0004) (0.0005) (0.0009)
3 04346  -0.3827° "  -03764 -0.3053  -0.2457 -0.1224""
(0.0201) (0.0120) (0.0099) (0.0085) (0.0123) (0.0224)
5 R 021797 -0.2361  -0.0982 0.2439°  0.5654 0.6551
(0.0122) (0.0085) (0.0081) (0.0067) (0.0061) (0.0087)
R 0.4260°  0.4975  0.2975 0.0330 -0.1161"  -0.1846
(0.0914) (0.0635) (0.0377) (0.0124) (0.0065) (0.0075)
YA 4F) 04597 039377  -0.3826"  -0.6786  -0.6502  -0.6105
(0.0906) (0.0597) (0.0323) (0.0129) (0.0127) (0.0212)
R * 4 4 1.01427°  1.0245 11365 15185 13920 1.1266
(0.0930) (0.0644) (0.0392) (0.0157) (0.0156) (0.0284)

sk

AT LA 0.5505 03393 0.4017 05799 05661 0.4194

® fﬁJE\ﬂJ‘?JJD - =T [ inverse Mill’s ratio 0 [[| T [ inverse Mill’s ratio ﬁ”ﬁl AR =]
F o [NIA Y T QR LAY fja?i' Foe OLS #5173 [Bp 7 — [F.) inverse Mill’s ratio

6~ g RS ﬁ'f'J EpHRLE == liﬁii 7] Hﬂlﬁm ' rj:id’ PRI OLS 55 BH{MEsE
= I‘Fﬁ“}rﬁﬂj IR R lf&g‘jf’ |i AT wcﬁﬁirlﬁ[
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(0.0335) (0.0217) (0.0294) (0.0312) (0.0289) (0.0217)

£ §EIE 5.7826 3.7794" 1.9633""  -0.0946 -1.2028"  -3.0220

(0.1228) (0.0682) (0.0379) (0.0170) (0.0141) (0.0223)

Pseudo R 0.2962 0.3346 0.3039 0.2635 0.2137 0.2873

A 68438 144558 184728 304577 319976 181998

A B N[ R ] ARl F 4 5 Lo idF 2057 5 15 05 4L
L1 A0 e ks 1 AkSEO-

B SRR A 2 R EAERLR § 400 2 Lz
R A SR TP RIS R T

”Lr’}\% Um FREBFE R

¥
P

RN G SHRE A .
- BB ARY R ¥ AP R e ed 297 od £ 2 8%

FUBERKET EReE LY AR LR o snk o L A E Y (1960

>

4

21970 ® R R E etk c BBV A R T AEEEY AP S d A EE
CTHE 0 F AN BREIRR ] R L) R T E R

B R2EERE ek o B ARy 5 4o 1970 £ K KT E

bk L B 1960 X ik A ERHY B LB RS EEY AL §
BEEE R LD BE A EEY SR AESPHRA LT E LG

Ao FERFBE AT TR BRIk IR £ 2 f e (Y
d TR A E AR ROl o T REF E ki T o 2 S B e o B

AL

R IR R e L E S P S
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Yoo FAAE A > AFEE g N ¢ (1920~ 1930 ¥ 1940 + &)
WY LE P BERE ernk > 2 P f woonh'ge AERRRE A &

e

e ¢ (19501960 82 1970+ %) 444§ St ch FR E I b k%
PR ek R A AR O o T A PR RS PR R R
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1 R g TR S MY 6 Sl P R Dtk - 2 kR

BB G 0 d & 2 F 11920 & R E 2 F S b
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ARSI e e A
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This is my first time to attend the Annual Conference of Canadian Economic Association,
which is held this year for 43" Anniversary at University of Toronto, Toronto, Canada. Over
1,000 scholars attending the conference this year from economics related field such as
Macroeconomics, Labor Economics, International Economics, Development Economics,
Financial Economics, Regional Economics, Health Issues, Labor and Demographics,
Industrial Organization., and Women’s and Gender Studies, etc., get together to discuss their
research interests, findings, and relevant experiences and policy implications. . The major
difference of CEA conference is that besides the presidential address there are also several
keynote speeches and state of the art lectures from various research groups, which bring up
most updated issues such as financial crisis, intellectual property right, poverty and inequality,
Neuroeconomics, challenges in Macroeconomic policy, etc. This year’s conference venue is at
University of Toronto, where the meeting facility is excellent for academic presentation and
better than in hotel as the traditional conference does, and moreover the university bookstore
is just next door to the conference site providing a great convenience to access for all
participants.
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This is indeed a great pleasure and opportunity for me to be able to joint the conference, to
exchange research results, and to share the experiences with distinguished scholars from
different concentrations. The Canadian experience is also very unique in the sense that a
market economy with a great interaction by government and unions. The keynote speech by
Prof. Jeffrey Williamson from Harvard University on “Trade and Poverty,” highlighted the
importance of culture, geography, and institutions in shaping the process of globalization.
There are several topics and presentations that take current issues of financial and
environmental crises seriously which stimulate and render fruitful discussion. My paper on
education and social mobility in Taiwan provides an empirical method to estimate and test the
investment in education and its role on social mobility using Taiwan’s PSFD data, which
received a harm discussion (about ten questions being raised) from the paper discussant and
participants. | had benefited very much from their suggestions. I also commented a paper on
the effect of cognitive ability and grades on post-secondary educational achievement in
another session. After three and half days of academic exchange and discussion, | had learned
a lot on technical modeling and new perspectives on research topics and agenda especially
related to education. Discussion with scholars from Canadian universities also helps me in
understanding the organizational structure and functioning of the Canadian higher education.
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I strongly recommend domestic scholars to joint a comprehensive and international
conference such as CEA’s annual conference to learn more multicultural experience and at the
mean time to enhance Taiwan’s visibility on the international arena. Of course, to organize a
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