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Abstract. To study the return on education, R language and regression analysis were applied. First, 
the research background and research status at home and abroad were introduced. Then, the relevant 
theories and influencing factors of educational returns were analysed. Finally, taking Hunan Province 
as an example, using the data surveyed by the National Bureau of Statistics, a multiple linear 
regression model was established to study the educational returns of urban residents. The results 
showed that education, employment and the degree of regional development all affected educational 
returns. Therefore, the level of investment in education should be raised and the regional gap should 
be narrowed. 
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1   Introduction 

All civilizations in human society need to be based on the development of education. In the 1960s, 
human capital theory was founded [1]. Human capital theory believes that human capital, like other 
types of capital, can improve quality and production levels through investment channels such as 
education, training, and health care. Education is the most important way to improve human capital [2]. 
Governments in many countries around the world believe that education can promote long-term 
sustainable and rapid economic development by improving the quality of national workers and 
increasing labour productivity. At the same time, since the beginning of education as an investment 
behaviour, the research on the issue of educational returns has gradually become a research hotspot for 
some people concerned with education issues [3]. Many scholars believe that investment in education can 
bring about returns in terms of economic growth and per capita income. The return on education is 
influenced by many factors [4]. These factors mainly include education level, region, age, gender and so 
on. 

2   State of the Art 

Since the 1950s, economists represented by Schultz, Becker, and Mincer have conducted pioneering 
research on human capital theory [5]. Later, the study of the relationship between education and income 
began to be favored by many scholars. Becker used the cost-benefit method to estimate the rate of 
return of different groups of universities and high school education in the United States in the first half 
of the 20th century. The results show that as people become more educated, the return on education is 
lower. The difference in education is the most important factor affecting people's income differences [6]. 
According to the theory of human capital, Mincer used the difference compensation model and the 
accounting equation model to derive the famous Mincer salary equation model. The form of the Mincer 
salary equation model is very simple, so it has been widely used. Willis added the influence of ability 
variables on education. The role of problems such as ability bias and self-selection in educational return 
is studied. Interpretation of the relationship between educational choices, personal abilities and income 
is explained by establishing two production functions for relatively different occupations. It found that 
individuals with high abilities had higher incomes after receiving higher education. 

Domestic scholars' research on educational returns mainly focuses on the introduction of analytical 
methods and basic principles. Zhong Yining studied the changing trend of the educational return rate of 
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Chinese urban residents. At the same time, the standard Mincer's income equation model is compared 
with the improved Mincer's income equation model. The trend of rising educational returns estimated 
by the standard model is obvious. Ge Yuhao used the survey data of Chinese urban households in 2000 
for analysis. Women’s education returns are higher. Age is inversely related to the rate of return to 
education [7]. Gao Mengyu used the endogenous treatment effect model to analyze the micro data of 
7,949 households in three cities in western China. The educational investment return rate of urban 
youth aged 20-35 is calculated. It is found that the return on education investment of this group of 
people is roughly 7%, and the return rate of women in higher education is high [8]. 

3   Methodology 

3.1  Related Concepts and Characteristics of Educational Returns 

The return on education can be divided into direct return and indirect return. The direct return of 
education refers to the monetary income brought about by receiving education. The indirect return of 
education refers to the benefits of education other than money, such as personal protection, living ability, 
and various technologies. The return on education corresponds to the investment in education. 
Educational investment refers to the study of investing certain funds in a certain period to acquire some 
skills. It is the sum of the three aspects of manpower, material resources and financial resources 
expressed in the form of currency. According to the main characteristics of investment, education 
investment can be divided into personal investment and social investment. Personal investment is the 
cost of an individual's education. Social investment refers to the expenses that the whole society pays 
for education. The main source is the government's financial allocation and the donation of public 
welfare provided by individuals or organizations. As far as the current situation is concerned, the 
government has the largest proportion of investment in education, but the level of government 
investment and education is negatively correlated. Indirect investment in education refers to the loss of 
other opportunity costs due to investment education. 

The return on education refers to the increase in monetary income of the state, family, individual or 
society as a result of investing in educational activities. As a personal and social investment, the rewards 
of education can be divided into individual returns and social returns, depending on the subject of the 
benefit. The personal reward for education refers to the increase in income earned by an educated 
individual because of receiving education. Generally, people with higher education levels have higher 
incomes, good benefits, and a lower risk of unemployment. The social return of education refers to the 
benefits that society derives from investing in education and other inputs that contribute to education. 
Education has played a very important role in the development of human civilization and today's social 
economy. The well-educated science and technology workers are vital to the development of the social 
economy, which is one aspect of the return of education society. Educational returns can also be divided 
into monetary returns and non-monetary returns. The monetary return is the increase in monetary 
income obtained from investment in education. Non-monetary returns refer to the sense of satisfaction 
gained from receiving education, the improvement of personal qualities, and changes in the working 
environment. 

3.2  General Theory and Method of Educational Return 

The return on education is also called the income of education. The return on education is usually 
obtained by calculating the rate of return on education. The most commonly used estimation method is 
the Mincer income equation method. The general form of the Mincer income equation is: 
 2

0 1 2 3InW a a S a EXP a EXP µ= + + + +  (1) 
In this equation, InW  is the natural logarithm of wages. a1 is the regression coefficient, which 

represents the incremental income earned for each additional year of education, that is, the rate of 
return on education. S indicates the working time of the individual, and the age of the individual can be 
subtracted from the age at the end of the education. EXP is the individual's work experience. µ  is the 
random error term. It represents the impact of factors other than the above two factors on individual 
income. The Mincer income equation has been widely used because of its simple form. One of the 
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biggest features of this equation is the assumption that the rate of return on education is a constant. 
The rate of return for education for every educated person is equal. This assumption indicates that each 
person receives the same education and the human capital obtained is homogeneous. Human capital has 
two attributes, quantity and quality. Through such an assumption, the difference in human capital is 
reduced to the difference in quantitative attributes. However, the return of one year of primary or 
secondary education and one year of higher education is different. Moreover, the quality provided by 
these two kinds of education is also different. Therefore, the theory that the return on education is a 
constant is insufficient. 

The two basic assumptions in the Mincer income equation were improved in the subsequent study of 
the rate of return on education. Other factors that have an impact on wages are added to the equation. 
These factors can be gender, occupation, region, and other control variables. The expression is as follows: 
 2

0 1 2 3 1

n
i ii

InW a a S a EXP a EXP Xα µ
=

= + + + + +∑  (2) 

In this equation, iα  and iX  are added. Other control variables are represented by iX . iα  represents 
the coefficient corresponding to these control variables. Compared with the first equation, the improved 
equation calculates the educational return rate more accurately. 

There are many factors that influence the rate of return on education and the estimated rate of return 
on education. It mainly reflects the choice of sample, personal ability and its characteristics, and the 
estimation and test method of educational return. If the sample is not properly selected, it will cause a 
great deviation in the rate of return on education. If the deviation of the sample is overcome, the 
equation for selecting the sample should be set in the calculated model. Personal abilities and their 
characteristics are difficult to measure. Usually, it is converted into the form of money. The result of the 
calculation is different due to the difference in the conversion method. To overcome the deviation caused 
by this factor, it is generally necessary to add a proxy variable to the model or use the instrumental 
variable method to estimate the method. 

3.3  Establishment of Regression Model 

There are many nonlinear forms in the economic model. The general nonlinear regression model can be 
expressed as equation (3): 
 ( ),y f x b ε= +  (3) 

In the equation, x is an observable and independent random variable. b is the parameter vector to be 
evaluated. y is an independent observation variable. Its mean depends on x and b. ε  is a random error. 

The multiple linear regression parameters are determined by the least square estimation. 

 ( )
2

1

n

ii
i

Q y y
=

= −∑ �  (4) 

In the formula, the overall weight of each sample point is the same. However, to minimize the overall 
impact of the outliers and not waste any information on a sample point, different weights are assigned 
to different sample points. 

The core problem of the weighted multivariate nonlinear regression model is the construction of 
weight. The idea is as follows. First, iiy y− �  is calculated according to the general multivariate 

nonlinear regression model. Then, iiy y− �  is sorted. The order statistics Z1, Z2,...,Zn is obtained. For n 

samples, the distribution function of the random variables in this sample space is set. 

 
( ) ( )
( ) ( ){ }1 inf :

F z P Z z

F z F zτ τ−

= ≤

= ≥
 (5) 

Z is the quantile of τ . Then, according to the distribution function of Z, the corresponding value of 
F-1(0.2) is calculated, and it is set to Zi. According to the formula, the Z values of F-1(0.4), F-1(0.6), 
F-1(0.8) and F-1(1.0) can be calculated separately. They are set up to Zj, Zm, Zn and Zl respectively. The 
criteria for setting weights are shown in Table 1. 

160 Journal of Advances in Applied Mathematics, Vol. 3, No. 4, October 2018

JAAM Copyright © 2018 Isaac Scientific Publishing



Table 1. The criteria for setting weights 

Quantile 0-0.2 0.2-0.4 0.4-0.6 0.6-0.8 0.8-1.0 
Evaluation value of Zi index 9 7 5 3 1 

 
According to the definition, the evaluation value of Z1~Zi is 9. The evaluation value of Zi+1~Zj is 7. 

The evaluation value of the Zj+1~Zm is 5. The evaluation value of the Zm+1~Zn is 3. The evaluation value 
of the Zn+1~Zl is 1. The evaluation value of the corresponding index for each Zi is iβ  . 

 2

1
1

' ,
n

i
i i i n

i
ii

Q Z
β

ρ ρ
β=

=

= =∑
∑

 (6) 

Finally, the regression coefficient 0β  is determined by using the minimum principle of Q'. 

0 1 2, ,..., nβ β β β =    is selected as initial iterations. Then, it returns to the initial step until the estimated 
value of the estimated value ωβ  is calculated. When the maximum value of the absolute value of the 
two stepwise regression coefficients is less than the set standard error, the iteration is over. 

Based on the principle of weighted nonlinear regression model, the weighted multivariate nonlinear 
regression of V18-V23 is carried out respectively. Multiple linear regression was used in V18, V22 and 
V23. The indexes of V19, V20 and V21 were carried out in cubic, and then multiple linear regression 
was carried out. 

4   Results and Discussion 

4.1  Variable Description and Data Source 

The data comes from the special survey project of the urban residents of Hunan Province by the 
National Bureau of Statistics. The educational level, employment situation, and the impact of the region 
on the return on education were studied. According to the per capita of counties in Hunan Province, the 
study area is divided into three regions: economically developed, medium and underdeveloped. After 
investigation, urban residents in economically developed areas accounted for 50%, followed by urban 
residents in moderately economically developed areas accounted for 26%. Urban residents in 
economically underdeveloped areas are equivalent to moderately economically developed regions, 
accounting for 24%. Regional distribution of residents is shown in Figure 1. 

Developed economy

Medium level economy

Underdeveloped economy

0 10 20 30 40 50
Proportion (%)  

Figure 1. Regional distribution of residents 

It can be seen from Figure 2 that the cultural level of the respondents is mostly high school, technical 
secondary school and junior high school and below, accounting for 34.4% and 34.2% respectively. Urban 
residents with college degrees account for 18.8%, and urban residents with bachelor degrees account for 
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11.6%. Only 1% of urban residents is postgraduate qualifications. The educational level of the 
respondents is shown in Figure 2. 

Postgraduate

Bachelor

Junior college

High school

Junior high school

0 5 10 15 20 25 30 35 40
Proportion (%)  

Figure 2. The educational level of the respondents 

As can be seen from Figure 3, the employment of state-owned economic units accounted for 25.8%. 
The urban collective economic unit accounted for 2.3%. Other economic units accounted for 7.1%. 
Urban individual or private enterprise owners accounted for 10.1%. Urban individual or private 
enterprise employees accounted for 10.8%. Retired reemployed accounted for 1%. Other employed 
persons accounted for 11.5%. School students accounted for 2.5%. Retirees accounted for 28.8%. 

Retiree

Student

Other employee

Reemployment

Private enterprise employee

Private business owner

Other economic units

Collective economic unit

State-owned economic unit

0 5 10 15 20 25 30 35
Proportion (%)  

Figure 3. Employment status 

4.2  Result Analysis 

To study the employment methods of urban residents of different educational levels, the corresponding 
analysis method is applied to the two variables of education level and employment status. Regression 
analysis of employment situation and education level is shown in Table 2. 
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Table 2. Regression analysis of employment situation and education level 

Dimension  Inertia ratio Confidence singular value 
 Correlation 

Singular 
value 

Inertia Square Sig. Explanation Accumulation Standard 
deviation 

2 

1 0.498 0.248 - - 0.954 0.954 0.016 0.103 
2 0.088 0.008 - - 0.030 0.984 0.017 - 
3 0.051 0.003 - - 0.010 0.994 - - 
4 0.041 0.002 - - 0.006 1.000 - - 

Total - 0.260 668.778 0.000a 1.000 1.000 - - 
 
As can be seen from Table 2, the inertia value of the variable in the first dimension is 0.248, which 

explains 95.4% of the total information. The inertia value in the second dimension is 0.008, which 
explains 0.03% of the total amount of information. The inertia value in the third dimension is 0.003, 
which explains 0.01% of the total amount of information. The inertia value in the fourth dimension is 
0.002, which explains 0.006% of the total amount of information. Therefore, the two-dimensional 
graphics can better display the information between the two variables, and the first dimension is mainly 
observed. 

-1.5 -1.0 -0.5 0.0 0.5 1.0
-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5
 Employment status
 Education level

2

Dimension 1  
Figure 4. Regression analysis of employment situation and education level 

From this, the following conclusions can be drawn: First, urban residents with tertiary education and 
above tend to work in state-owned economic units or other economic units. Second, urban residents with 
high education levels in high schools tend to work in private business units. Most of the urban residents 
with junior high school education are retirees, and most of them tend to start their own businesses. 

To study the differences in the educational level of urban residents in different regions, the 
corresponding analysis method is applied to the degree of education and the region. Regression analysis 
of regional and educational level is shown in Table 3. 

As can be seen from Table 3, the inertia value of the variable in the first dimension is 0.038, which 
explains 98.7% of the total information. The inertia value in the second dimension is 0.001, which 
explains 0.013% of the total amount of information. Therefore, the two-dimensional graphics can better 
display the information between the two variables, and the first dimension is mainly observed. 
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Table 3. Regression analysis of regional and educational level 

Dimension  Inertia ratio Confidence singular value 
 Correlation 

Singular 
value 

Inertia Square Sig. Explanation Accumulation Standard 
deviation 

2 

1 0.195 0.038 - - 0.987 0.987 0.019 0.024 
2 0.022 0.001 - - 0.013 1.000 0.015 - 

Total - 0.038 98.749 0.000a 1.000 1.000 - - 
 

-1.0 -0.5 0.0 0.5 1.0 1.5 2.0
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Figure 5. Regression analysis of regional and educational level 

As can be seen from Table 3 and Figure 5, the educational level of urban residents in economically 
developed areas is higher than in the other two regions. This conclusion is consistent with the actual 
situation. Because in economically developed areas, the level of education, educational conditions and 
other educational facilities are also good. 

-2 -1 0 1 2
-3
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Figure 6. Regression analysis of region, education level and employment situation 
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To study the differences in the employment methods of urban residents in different regions and 
different educational levels, the corresponding analysis method is applied to the employment situation, 
education level and region. Regression analysis of region, education level and employment situation is 
shown in Figure 6. 

As can be seen from Figure 6, urban residents in economically developed areas tend to work in 
collective economic units. Urban residents in the middle areas of economic development are mostly 
employees of private enterprises. Urban residents in underdeveloped areas are mostly retirees, urban 
individual or private enterprise owners. Urban residents with junior college and undergraduate degrees 
tend to work in state-owned economic units and other economic types. Most of the urban residents with 
junior high school education and below are retirees or retired reemployed people. The urban residents of 
high school education are mostly the owners of individual or private enterprises. 

Based on this, the following findings can be obtained: First, in economically developed areas, urban 
residents with high education generally work in state-owned economic units and other economic types. 
Second, the qualifications of re-employed and retirees are generally junior high school and below. This 
result is in line with the actual situation. In the past, the level of education was relatively backward, 
and people’s education was generally less educated. Therefore, it is normal for the re-employed and 
retirees to have low academic qualifications. 

5   Conclusion 

According to the National Bureau of Statistics survey data of urban residents in Hunan Province, the 
impact of employment, education, and regional development on education returns was studied. The 
following conclusions are drawn: The education level of urban residents in economically developed areas 
is relatively high. Most of them are undergraduates and tertiary institutions. The average education 
level of urban residents in middle economic development is junior high school and high school. The 
education level of urban residents in less developed areas is relatively low. Most of them are junior high 
school or below. Urban residents with higher education are generally in economically developed areas. 
They tend to work in state-owned economic units and other economic types. Less-educated urban 
residents are concentrated in economically underdeveloped areas. Urban residents in the middle areas of 
economic development are employees of individuals or private enterprises. With the development of the 
economy, the educational level of urban residents will change accordingly. In economically 
underdeveloped areas, the educational level and educational returns of urban residents are low. 
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