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Abstract The risk of individual citizen’s investment in education specifically refers to the
benefit changeability of individual investment in education. Risks always go with un-
certainty. By adopting the method of quantile regression estimation and taking the Chinese
urban citizens as samples, the author makes a positivist study of the risk of Chinese urban
citizens’ individual investment in education. The result indicates that the individual citizen’s
investment in education often suffers obvious benefit changeability, i.e., the risk and benefit
of investment in education shows a positive correlation. It is not realistic to reduce the
inequality of salaries by means of investing more money for receiving higher-level edu-
cation. Therefore, relevant policy makers should pay due attention to the establishment of the
mechanism for sharing the risk of investment in education and the system of social insurance.

Keywords educational investment, risk, return, quantile regression

Definition of individual risk of educational investment

Theoretically, any investment has its own risk. As William Sharp ever put it, investment is a
certain amount of transmitted value in order to obtain a possible, but uncertain, return in the
future. However, future is uncertain, and a risk generated by uncertainty is the essential point
of investment [1]. Bright once stressed that any neglect to uncertainty in the investment
theory would be a serious mistake. Essentially speaking, investment is towards the future,
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and all approaches to assessment on investment should take the fact into account that the
future is not only unknown but unknowable, not to mention risky [2].

Education is a kind of investment, as is the essential notion in the theory of human capital.
And the description of risk in educational investment could be traced back to Adam Smith
[3], who indicated in his classical works that defiance with risk and expectation of success
would be strongest at the age when young people were making their career choices through
their lifetime. Gary Becker, one of the founders of the human capital theory, placed sys-
tematical theoretical expatiation and empirical studies upon the risk of educational invest-
ment. He concluded that the real return to human capital fluctuates around the expected
return because of uncertainty...individual return is also uncertain despite a given age and
ability, as there are many factors out of expectation [4].

Like the situation of studies on risk of investment on physical capital, researchers have not
presented out a universal definition on risk of educational investment. In the study field of
physical capital investment, researchers of different disciplines and projects hold their
respective perception and definition on risk in Economics, Management, Statistics and
Insurance, which could be outlined into two major points: (1) defined risk as the variability of
the output and (2) defined risk as the calculation on the loss. Besides, the relation between
risk and uncertainty is also the focus of the debates on definition. In 1921, Knight defined
risk as the situation in which possibility could be figured out based on an objective classi-
fication of the facts and factors, while uncertainty referred to the situation in which facts and
factors could not be objectively classified. In addition, some researchers equalized risk with
uncertainty. Accordingly, the divergence also exists both in the fields of definition on risk and
uncertainty of educational investment.

Risk of individual educational investment in this paper, as defined by the authors,
particularly refers to the changes of the return to individual investment on education rather
than measurement on the loss of educational investment. Additionally, risk and uncertainty
could be equalized in this study.

Review of previous literatures and basic findings

As we summarize the existing empirical studies in the field of educational investment risk,
we could find that their perspective is concentrated on the relation between income risk and
attainment of education. Weiss’s study in 1972 took scientists in private enterprises and
educational institutions as the samples, and the results suggested that their income risk
diminished with the improvement of their educational attainment, but it appeared exceptional
in the governmental sectors. Furthermore, Weiss concluded from such an inverse relation that
education functioned as a filter, in which those researchers who received high-level education
were not only more productive, but also represented consistent reflection on their competency
and attitude.

King’s study in 1974 started from a perspective on wage compensation for risk to testify
whether employees with high income risk obtained a higher pay, and the results suggested the
existence of wage compensation. Johnson drew on a similar method to reach a consistent
conclusion with King. Hartog employed the panel data in 1962, 1965 and 1972, in terms of
gender, to analyze wage distribution in Netherlands, and his observations indicated that
among the employees above the age of 35, the distribution of their wage abided by a reverse

Front. Educ. China (2006) 1: 100–111 101



U distribution, depending on their educational attainment, and the wage increased with their
ages as well.

Feinberg addressed risk as the variation coefficient of annual income and used a panel set
of male and female employees containing data of 6 years to estimate the fluctuation of
income. His findings demonstrated that average return would increase depending on the
increase in risk; and as to gender difference, the results significantly presented that the female
were paid lower wage compensation than the male under a circumstance of income un-
certainty. Leigh provided a data set including both white collar and blue collar male workers,
who worked in the same company for more than 3 years, in light of a 3-year longitudinal
survey on measurement of risk, in which he used a combined perspective of increase in wage
with dispersion of wage. His observations and statistical analysis proved the compensation
effect on income risk among white collar workers, but such an effect did not appear among
blue collar workers.

Low and Ormiston claimed that the increase in educational levels would result in more
risk of return. Hartog et al. [5] divided their samples into groups by age and educational
attainment to analyze the variance of the logarithm of wage together with schooling years and
working experiences, using a data set in much longer period of 1962, 1965, 1972, 1979, 1985
and 1989. The estimates show that income risk significantly increases with the level of
education every year except for 1972, but the risk does not depend on the level of experiences.

McGoldrick classified income into systematical income and nonsystematical income to
establish his two-step model. He reported that compensation income existed both in the male
and female groups under a situation of income uncertainty; furthermore, there was significant
difference between the male and the female. Following it, McGoldrick and Robst examined
the effects of workers’ mobility to the wage compensation under income risk. Their findings
turned out that, averagely, the compensation was positive, but there would be bigger mobility
when the workers were facing more uncertainty about their income, as well as less
compensation accompanied by bigger mobility.

Belzil and Hansen’s empirical study in 2002 concluded that the degree of wage dispersion
reached the maximum at the educational attainment of 9 years and then decreased. However,
the income risk throughout one’s lifetime diminished with the increase in schooling years,
with the maximum of risk if one received 7 years’ schooling and the minimum if 17 years’
education.

Other researchers applied the Mincer equation to the study of risk on educational
investment. Harmon et al. [6] extended Mincer’s equation for return of human capital
investment by introducing the variable of dispersion degree on return of educational in-
vestment. They assumed that the rates of return of educational investment could vary among
individuals and considered it as a random coefficient. Therefore, they modified the Mincer
equation as:

lnwi ¼ �þ "ið Þsi þ �X i þ �i

where wi is wage, Xi is the vector of exogenous variables, s is the number of schooling years,
"i is the random variable, and is the rate of return of educational investment. Suppose that β is
subject to normal distribution, with the variance, θ2; η is the disturbance item, subject to
normal distribution, with the variance, σ2. Therefore,

E "isi þ �ið Þ2
h i

¼ �2s2i þ �2
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Harmon presented the values of θ and β in the study where the estimates of θ and β were
4%. Hence, as to "i being subject to normal distribution, 95% of the male sample workers
obtained a rate of return in the interval of the mean minus and plus 8%. They observed that a
degree of dispersion remained somewhat large even if the differences among individuals
were observable.

Additionally, estimates on the relation of risk and return of educational investment have
become one of the major subjects in the field of educational investment. Pereira and Martins
[7] utilized a multinational data set and drew on quantile regression to verify the positive
correlation between educational risk and return. The model and the method of empirical
study in this paper also trace their study in this issue.

Statistical approach and data set

Statistical indices on risk could vary because of different perceptions and definitions. As
previously noted, there are two major points of view on risk, which result in two different sets
of indices. One set of statistical indices includes variance, standard deviation, variation
coefficient, etc., based on computing the variation of return, whereas the other covers
semivariance, mean of single-tailed deviations, etc., based on lower partial moments (LPMq)
of return. In the literature covering risk on educational investment, most authors adopt the
former set of definition and statistical indices. This study focuses on the measurement indices
that Pereira and Martins [7] utilized, namely, to impose quantile regression onto the Mincer
equation, and then compute the difference between the coefficients of the last quantile and
the first quantile. The difference will be used as the index of risk of educational investment.

Quantile regression was first established by Koenker and Bassett in 1978 [8]. The
traditional ordinary least squares (OLS) regression is based on the mean of the conditional
distribution of the regression’s dependent variable. This approach is employed because one
implicitly assumes that possible differences in terms of the impact of the exogenous variables
along the conditional distribution are unimportant. Unlike OLS, quantile regression models
are more generalized to observe the independent variables that distribute at different
quantiles. In a quantile regression, estimate of parameters adopts the rule of weighted least
absolute (WLA). The function can be written as:

min
�2Rk

X
i:yi�xi�

� yi � xi��j j þ
X

i:yi�xi�

1� �ð Þ yi � xi��j j
( )

in which yi is the vector of dependent variables, xi is the vector of independent variables, θ is
the estimated value at the given quantiles, and βθ is the vector of the coefficient. If the
residual is positive (above the regression curve), the weight is set at θ, and 1−θ if it is
negative. When θ = 0.5, it is called the median regression. The estimate of βθ would vary
with θ.

Compared with OLS, quantile regression has two advantages. First, this approach is less
conditional because it allows one to estimate the entire conditional distribution of the
dependent variable y given x, so that it provides a more detailed description of the regression;
second, it provides more inclusiveness to those singular values, because the minimum of
residual in this approach is not calculated as the square of that in OLS. If the residual is not
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subject to normal distribution, then quantile regression will be more effective than OLS.
Hence, the approach of quantile regression has become an active tool to portray the overall
distribution of the samples.

So far as the distribution of income is concerned, in an OLS estimate, the regression
coefficient is presumed to be constant in the conditional distribution of the income, and such
a presumption causes restrictions to review some important characterization along the
income distribution. The principal task of this paper is to measure the rate of return of
educational investment. OLS only offers the conditional mean regression value of rate of
return of educational investment. If we discuss the difference among the rates of return at
different income levels along the overall income distribution, we generally divide the
samples into several groups and apply OLS to each group. Consequently, selection bias
occurs because those groups are similar to their characterizations. The approach of quantile
regression is quite appropriate in this study, because it could cover all the observed values
and avoid the bias of selection.

Hence, we have the Mincer equation written as:

lnwi ¼ xi�� þ u�i

where wi is wage, xi is the vector of exogenous variables, βθ, the parameter, and uθi is the
disturbance item, 0≺ θ≺ 1. The coefficients of regression at the θth quantile should be
subjected to:

min
�2Rk

X
i:lnwi�xi�

� lnwi � xi��j j þ
X

i:lnwi�xi�

1� �ð Þ lnwi � xi��j j
( )

Those estimators of coefficients presented by the quantile regression would be statistically
interpreted the same as those from OLS. Take the regression coefficient of schooling years,
for example. Statistically, it is the partial regression coefficient of schooling years in the
income function, which is obtained from the regression process along the conditional
distribution of average income under the OLS model. Similarly, in a quantile model, the
regression coefficient of schooling years is the partial regression coefficient of schooling
years in the income function, which is the output of the quantile regression process at the
given quantile along a conditional distribution.

Here, we set βθ = last as the coefficient presented by the regression process at the last
quantile, and in accordance, βθ= first as the coefficient presented by the regression process at

Table 1 Data description

Variable 2000 1995 1991

Number of sample 25,065 25,802 26,079
Male (%) 54 a 52.5
Female (%) 46 a 47.5
Age mean (year) 39.2 39.3 37.3
Annual income mean (yuan) 9,624.3 6,683 2,617.5

a Refers to missing male and female data in 1995.
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the first quantile; Thus, we get dif = |βθ = last−βθ= first|, which we shall use as the measurement
index of educational investment risk.

The data set employed for this research derives from the household survey conducted by
the National Bureau of Statistics of China. To compare the difference at different periods, we
used the national statistics of 1991, 1995 and 2000 to estimate both the rates of return and risk
of educational investment for each year.

The quality of data collected by National Bureau of Statistics of China is high because of
the reasonable sampling and organizing process. By and large, the samples selected were
representative, and the indices were measured under the same standard in various years. The
data in 2000 includes 25,065 samples from 30 provinces, autonomous regions and munic-
ipalities (Chongqing included), except for Tibet and Taiwan, in which 54% were male and
46% were female. The data in 1995 covers 25,802 samples from 29 provinces, autonomous
regions and municipalities except Tibet and Taiwan. The data in 1991 contains 26,079 samples
from 30 provinces, autonomous regions and municipalities (Tibet included) except Taiwan
(Table 1).

Fig. 1 Quantile regression on return to education, all samples

Table 2 Quantile regression on rate of return: all the samples and stratified by gender (%)

Quantile All the samples Male Female

2000 1995 1991 2000 1991 2000 1991

0.1 11.75 0.36 7.23 0.236 3.98 0.139 9.33 0.38 2.75 0.155 13.68 0.63 4.86 0.243
0.2 9.92 0.24 5.82 0.151 3.28 0.092 7.79 0.29 2.19 0.115 11.64 0.42 4.17 0.156
0.3 8.74 0.19 5.01 0.131 2.89 0.084 6.90 0.22 1.97 0.106 10.62 0.31 3.66 0.134
0.4 7.96 0.17 4.43 0.124 2.64 0.084 6.29 0.21 1.84 0.103 9.76 0.29 3.31 0.132
0.5 7.51 0.16 4.02 0.12 2.47 0.081 5.89 0.20 1.69 0.098 9.21 0.26 3.15 0.124
0.6 7.15 0.16 3.68 0.13 2.27 0.083 5.60 0.20 1.51 0.105 8.90 0.27 2.87 0.131
0.7 6.65 0.17 3.41 0.147 2.13 0.089 5.33 0.22 1.43 0.126 8.46 0.27 2.75 0.142
0.8 6.29 0.19 3.45 0.17 1.93 0.101 5.19 0.23 1.36 0.142 8.21 0.29 2.46 0.162
0.9 6.61 0.24 3.53 0.214 1.63 0.148 5.52 0.31 0.86 0.217 7.90 0.39 2.29 0.227
OLS 8.46 0.17 4.70 0.117 2.94 0.095 6.72 0.21 2.01 0.122 10.12 0.28 3.60 0.15
dif 5.14 3.7 2.35 3.81 1.89 5.78 2.57

Data in italics refer to standard error of coefficient estimate.
Data on gender are missing in 1995.
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Estimate results

This paper is structured in three parts: (1) quantile regression on return of educational
investment, all samples; (2) quantile regression on return of educational investment, by
gender; (3) quantile regression of return of educational investment, by educational level.

Quantile regression on return of educational investment, all samples

Apparently, the average rates of return estimated from the OLS method increased constantly
in the 1990s, accounting for 2.94% in 1991, 4.7% in 1995 and 8.46% in 2000. In the quantile
regression for all samples, the rate of return of educational investment varied at different
quantiles with an upward trend, as the dif value was 2.35% in 1991, 3.7% in 1995 and 5.14%
in 2000. Simultaneously, the rate of return of educational investment keeps going up
accompanied by the extension of educational investment risk, which denotes the positive
correlation between rate of return and risk. As shown in Fig. 1, the quantile regression curve
slopes down.

Quantile regression on return to education, by gender

In this part, we only implement the regression based on the 1991 and 2000 data, because of
the missing information on gender in 1995. Empirical results indicate the following: (1) the

Fig. 2 Quantile regression on return to education, by gender

Fig. 3 Quantile regression on rate of return to education, college level
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rate of return for males was lower than for females (Table 2); (2) the male dif value was lower
than its female counterpart (Table 3); (3) quantile regression curves of both males and
females slope downward (Fig. 2).

Quantile regression on return of educational investment, by educational level

Comparative results in Table 3 were obtained by using OLS and quantile regression at
different educational levels after selecting associated samples from the sample set (Table 3).
Table 3 reports that (1) the rate of return at all educational levels ascended constantly in the
past 3 years; meanwhile, risk of educational investment also ascended. The rate of return for
undergraduates rose from 3.78% in 1991 to 13.06% in 2000. The dif value rose from 2.02%
in 1991 to 8.74% in 2000. Risk expanded with the increase on return, which was illustrated
by the sharper income gap after graduation from higher education. Rate of return for senior
secondary education rose from 2.72% in 1991 to 6.53% in 2000, while dif value items
underwent a turning-over process from increase to decrease. The same situation occurred
again at the junior secondary level. (2) The interlevel differences on rate of return tended to
expand, along with the elevation of educational level. Take college graduates and senior
secondary graduates, for example. The gap of rate of return between the two levels was
1.06% in 1991 and 6.53% in 2000, and the dif value rose from 0.54% in 1991 to 7.95% in

Fig. 4 Quantile regression on rate of return to education, senior secondary level

Fig. 5 Quantile regression on rate of return to education, junior secondary level
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2000. (3) The quantile regression curves at the junior secondary, senior secondary and
tertiary levels were all sloping downward (Figs. 3, 4 and 5).

Conclusions and implications

In this paper, we depicted the urban citizen’s rate of return for educational investment as well
as the investment risk on education in the 1990s. We applied both the OLS method and
quantile regression to the Mincer equation to estimate the return of educational investment,
and reached the following conclusions:

1. The rate of return on educational investment by Chinese urban citizens changes distinctly,
namely, investment risk on education exists in China. In past related papers, there is a
basic assumption that the increment of income resulting from education is identical
among individuals in the income distribution. Card [9] and Buchinsky [10] raised
objections to this assumption. Card [9], in partcular, argued, “Is the labor force reasonably
well described by a constant return to education for all workers?” Other related studies
provided negative answers to this question. In this paper, we utilized quantile regression
method and data set of Chinese urban citizens, and the results turn out to be negative. The
impact of education on individual’s income is not identical and investment on education is
confronted with risk.

2. The correlation between investment risk and return is positive. The rate of return of
educational investment increases constantly, for both male and female, and at all
educational levels, accompanied by the incessantly increasing risk of education. Senior
secondary and primary education display a trajectory trace of first increasing then
decreasing. For higher educational level, the rate of return of educational investment
increased from 3.78% in 1991 to 13.06% in 2000, while the risk of educational
investment measured by dif value increased from 2.02% in 1991 to 8.74% in 2000. The
increase in risk outweighed the increase in return; hence, it presented a significant
characterization of high return combined with high risk.

3. The regression curve of the rate of return of educational investment slopes downward.
This indicates that the rate of return is high for the lower income group and low for the
higher income group, with other things being the same. However, studies in other
countries on rate of return of educational investment (using quantile regression) usually
provided indications to the contrary, that is, rate of return to educational investment was
higher for the higher income group.

The basic findings mentioned above could help us further understand both the theories
and related policies on educational investment. In prior studies, we simply examined the rate
of return of educational investment by OLS based on mean value. Buchinsky [10] once
expounded on the limitation of the mean value method: mean value had never been able to
describe well the characteristics of different groups. It only contained limited parts that would
possibly change. As to educational investment, the intergroup difference is concealed
beneath the average return, therefore, it may mislead our related policies. For example, the
policy of cost sharing in education, which is based on the presumed increasing return of
educational investment, may neglect the investment risk of education to some extent. As is
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concluded in this paper, the investment risk keeps increasing with the rising rate of return of
educational investment in China in the 1990s. People receiving the same level of education
have to handle more uncertainty in their income. The rising return of investment on higher
education boosted the government to adopt the sharing cost policy, but provided argument on
policies devised to avoid or reduce the investment risk. More attention should be paid to risk
sharing policy and social security, according to the conclusions we have reached.

Additionally, the conclusions help us to understand the relationship between education
and income inequity, which is always the hot topic in educational economics. Education is
regarded as the balancer of alleviating income inequity in the human capital theory. Many
people believe that improvement of education will ultimately lead to more equities of
income. Some western policy makers considered education as the best tool to reduce the
global wage inequity, particularly during the constant wage increase in the 1980s. Ashenfelter
and Rouse claimed that school was a place to promote the individual’s skills and income, and
education policies were potential tools to reduce existing and increasing income inequity
[11]. However, both domestic and overseas study results indicated that the promotion of
educational level would augment the intergroup income inequity because of the phenomenon
of overeducation and differences between education quality and specialties. Therefore,
educational policy is not a good choice to reduce existing and increasing income inequity.
Just as Martins and Pereira said, we believe this finding rings some alarm bells on policies
designed to cut wage inequality by simply investing in the attainment of higher schooling
levels.

The quantile regression on rate of return slopes downward and it indicates that the impact
of education on income diminishes marginally, so that the high income groups have a lower
rate of return to education. It suggests that, to some extent, education and income do not
correspond with each other. The labor market in China is distorted and education acts more as
a screening function on income in China. Admittedly, we require more evidence and analysis
to support this conclusion.

Further studies on educational investment risk are recommended as follows: long-term
track research on this issue, more specific analysis on data such as grouping by combination
of educational level and working experience, or ownership type, and modification on
statistical measures and analytical tools, etc.
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