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Abstract. This paper investigates the impacts of educational factors on economic growth across 31
provinces during 1996 and 2010 in China. A spatial panel estimation model is applied to study the
impacts of education on economic growth taking into account the spatial spillover effects in Feder
model and the cumulative effect. The results reveal that (1) educational factors are significantly
spatially autocorrelated. Educational factors have spatial spillover effects. Regional differences of
education impacts still exist. (2) Average schooling year has a more positive effect on economic
output than capital investment and labor force. Basic education might play a more important role
in economic growth. (3) Education sector also benefits non-education sectors on economic growth
if “spatial effects of economic shocks” are considered. Some policies that may enhance education
development and their impacts on economic growth are proposed.
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Introduction

Since Chinese government introduced economic reforms and opening policies in 1978,
sharp increase has occurred in regional Gross Domestic Product (GDP). In contrast to the
average annual GDP growth rate of 5.3% during 1960 and 1978, the annual growth rate
in 2012 reached 10.57%. Moreover, national GDP rose from 364.5 billion RMB in 1978 to
40.15 trillion RMB (all figures at current market prices) in 2010. A similar result applies
if GDP is measured in Purchasing Power Parity. This remarkable economic growth leads
China to become the second largest economy in the world in 2010.
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To realize this rapid economic growth, more skillful and educated labors are required
urgently, which leads education development to keep a similar pace with national economic
growth. Due to the fact that public education in China was quite poor before the economic
reforms in 1978 (only 40.9% of junior middle school graduates could enter senior middle
schools), several policies have been made to improve public education across the whole na-
tion. Firstly, the annual “national college entrance examination” resumed in 1978, enabling
more efficient allocation of education resources to colleges. The compulsory education law
was passed in 1986, imposing “nine-year compulsory education” on all Chinese children.
Furthermore, Chinese government proposed a strategy of “prosper the nation by science
and education” in 1995, which attached national importance to education and science.
Thirdly, “Project 211” and “Project 985” (in 1995 and 1998, respectively) aim to construct
a series of high quality universities in 21st century. Moreover, at the beginning of the
ninth five-year plan, the evolution of China’s education system started. Non-public capital
investment was allowed to be made in the education sector. Government expenditure on
education has been rapidly increasing, especially expend the expenditure of higher educa-
tion (Li et al. 2014). China has basically eliminated illiteracy among young and middle-
aged people. In the tenth five-year plan, government expenditure on education further
increased. Vocational education expenditure was strongly advocated. More scholarships
and education subsidies were established. Implements of compulsory education in poor
regions in the northwest and ethnic minority regions was stressed. During the eleventh
five-year plan, tuition fees for nine-year compulsory education were exempt (Zhang 2014),
and government expenditure on education was aimed to account for a higher percentage
(4%) of GDP. The reduction in urban-rural education disparity was also considered when
making national policies. Furthermore, the twelfth five-year plan in 2011 announced that
investment in special education schools, development in information technology, and in-
ternational cooperation should be advocated in China’s education.

For further improvement and adjustment, impacts of education policies should be fur-
ther investigated, especially the impacts on national economic output. Recent education
developments in China should be investigated in detail. Based on previous research results,
education expenditure and average schooling years are regarded as the factors that measure
the inputs of education quantity and education quality (Lin 2003; Ganegodage, Rambaldi
2011). To depict the education developments in China, changes of both factors during 1996
and 2010 are described in Figure 1. Figure 1 indicates that the ratio of education expen-
diture to total GDP remained stable (3.07% - 3.90%) during China’s three five-year plans
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Fig. 1. Ratio of education expenditure to GDP and average schooling years during 1996 and 2010
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(1996-2000, 2001-2005 and 2006-2010, respectively). The increase of education expendi-
ture kept a similar pace with the sharp economic growth during 1996 and 2010. Meanwhile,
a stable growth in national average schooling years was also maintained. Abovementioned
results indicate that education development is closely associated with economic growth. It
can be explained by the fact that the development of education contributes to higher wages
and lower unemployment rates, which might lead to more innovation potentials to upgrade
technology. This fact might result in regional economic growth.

In order to measure the effects of educational factors on economic growth in China, two
issues should be further analyzed. (1) How to analyze the impacts of educational factors
and their spatial distribution on economic growth across Chinese provinces. (2) How edu-
cation expenditure affects non-education sector on increasing regional economic growth.

Regarding the first issue, the fact that education interactions among different regions
affect economic growth should be considered. Given the vast territory of China, there are
significant disparities in regional education developments and unbalanced distribution of
education inputs. Thus, it is assumed that spatial spillovers in educational factors as well
as economic output affected by impacts of educational factors occur among Chinese prov-
inces. This assumption is to be further investigated. The spatial effect of education can be
defined in three aspects. The first is that knowledge capital (e.g., educated labor force and
academic achievements) might move across neighboring regions. The movement is caused
by pursuit of jobs or business activities. The second can be caused by local educational
patterns, which may affect surrounding regions (e.g., schools or educational institutions
located in different regions and students who exchange across adjacent regions) (Blair,
Staley 1995). The third is about social activities, i.e., people may live in one region but
study in other regions. This causes people to migrate across neighboring regions. Thus, we
argue that the spatial effects in education cross regions should be considered. About the
second issue, it can be assumed that education expenditure does not only increase national
economic output directly, but also increases the economic output of non-education sectors
indirectly. This indirect impact can be regarded as the spillover effect of education sector,
i.e., education sector can provide human capital (e.g., educated labor force) for production
in non-education sectors (Cai 1999).

To further analyze the economic impacts of different educational modes, education is
classified into university education and basic education. Due to lack of data, vocational
education and special school education are not included in the estimation. In contrast to
university education, education in primary school and middle school is basic and less pro-
fessional. Therefore, basic education in this paper is defined as the sum of primary school,
junior middle school, and senior middle school. Given the main purpose of university
education is to fit students for their career while the purpose of basic education is not, the
economic impacts of university education and the economic impacts of basic education
are investigated separately.

It is assumed that there is spatial spillover from educational factors to economic growth
across provinces in China. The spatial methodology is explored to estimate the impacts of
educational factors on economic growth across 31 Chinese provinces during 1996 and 2010
(from the ninth five-year plan to the eleventh five-year plan). Furthermore, direct impacts
and spillover effects of educational factors are calculated in spatial panel models. Differ-
ences and spillover effects between education and non-education sectors are also measured.
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Main contributions of the paper are described below (all data are between 1996 and
2010 across 31 Chinese provinces). (1) To our best knowledge this is the first application of
the spatial panel model to estimate the impacts and spillover effects of regional education
factors on economic growth in different regions of China. The impacts of basic education
and university education in regions of China are also further examined. (2) Spillover effects
from education sector on non-education sectors in terms of economic growth in Feder
model are explored in spatial panel models.

The remaining part of this paper is organized as follows. Section 1 gives an overview
of related literature. Section 2 describes the data and the spatial model. Section 3 discusses
the empirical analysis and results. Section 4 is dedicated to policy propositions. The last
section concludes the paper.

1. Related literature

1.1. Impacts of education on economic growth

Previous research indicates that the quality of labor force is an important factor in ac-
celerating economic growth (Lucas 1988; Romer 1990). As the quality of labor force is
mainly measured by the level of education, it can be inferred that there is a positive rela-
tion between economic growth and education. Similar results are found in Cai (1999),
Lin (2003), Grundey and Sarvutyté (2007), and Castell6-Climent and Hidalgo-Cabrillana
(2012). Cai (1999) uses the data from 194 countries (territories) to examine the contribu-
tion of education to economic growth between 1965 and 1990. It finds that education
expenditure has a great contribution to economic growth. Its spillover effects are positive
and remarkable. Lin (2003) examines the positive effect of education on economic growth
in Taiwan during 1965 and 2000 with average schooling years as the main explanatory vari-
able. Moreover, Castell6-Climent and Hidalgo-Cabrillana (2012) conduct an estimation of
production function using cross-country data and point out that both the quality and the
quantity of education have positive effects on economic growth in the long run. However, a
number of papers argue that economic growth in developing countries is mainly driven by
capital investment, while the human capital effect brought by education is relatively weak.
Ganegodage and Rambaldi (2011) demonstrate that capital investment is the key driver
of long-run economic growth. Chen and Fleisher (1996), Wei et al. (2001), Arayama and
Miyoshi (2004) also provide empirical evidences from China to support this viewpoint.

1.2. Indicators of education

To our best knowledge, general educational factors of economic growth are education ex-
penditure, education investment (Ganegodage, Rambaldi 2011; Pan 2014), average school-
ing years, internationally comparable test scores (Hanushek, Kimko 2000) and school en-
rollment rates (Barro 1991). Data of education investment, internationally comparable test
scores and school enrollment rates are incomplete and scarce in Chinese national statistics,
while average schooling years can partially reflect school enrollment rates and the workload
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of teaching staff. Thus, we choose average schooling years (labor force with specific school-
ing years) and education expenditure as the main explanatory variables to analyze Chinese
education. Given that data of average schooling years is not available in China, we estimate
average school years using the method proposed in Lin (2003).

Due to the fact that education is associated with human capital, schooling years has
always been regarded as an important factor in education. As endogenous growth theory
indicates that human capital leads to greater innovation and economic growth, and regional
schooling years is a main factor in regional education inputs (e.g., education equipment,
amount of teachers and their skills). We assume that there exists a positive relation between
average schooling years and economic growth. A partial selection of literature, such as East-
erly and Levine (1997), Krueger and Lindahl (2001), Castell6 and Doménech (2002), Ha-
nushek and Woessmann (2008), Jalil and Idrees (2013) provide support for this assumption.

Furthermore, education expenditure has also been recognized as an important factor
in economic growth in previous studies. Shindo (2010) points out that long-run economic
growth can be accelerated by education subsidies for its effects on human capital accumu-
lation. Sala-I-Martin et al. (2004) also consider education expenditure as a main source
of economic growth. In addition, the economic impact of education expenditure (both
the central government’s and the local governments’ education expenditure) is studied by
Brehm (2013). Lin (2003) and Cai (1999) consider education expenditure as an important
factor in education and analyze the impacts of education expenditure on economic growth.

1.3. Evaluation of educational impacts on economic growth

A number of research pertains to the effect of education expenditure on economic growth
(Lin 2003; Cai 1999). Various econometric approaches have also been applied for more
accurate estimation of the impacts. Linear regression is a common method, e.g., Sylwester
(2000) and Lin (2003). Moreover, Shindo (2010) proposes a simulation of regional eco-
nomic growth from education expenditure. Frini and Muller (2012) use a multivariate
cointegration method to explore the long-term relation between education and economic
growth. However, very few previous studies have examined the spatial interactions of edu-
cation factors or their spillovers to neighboring regions in terms of economic growth. This
may result in estimation bias (LeSage, Pace 2009). Thus, along with regional specific factors,
the spatial interactions between regions and the spillover effects across regions cannot be
neglected.

In general, spatial panel estimation is more accurate than classical regression estima-
tion given that neighboring regions influence each other more than distant regions do (i.e.,
spatial effects exist) (LeSage, Pace 2009). Therefore, spatial effects should be considered in
analyzing the relation between education and economic growth. However, analysis of the
spatial effect of education is quite rare. One exception is that Ghosh (2010) uses a spatial
econometric framework and finds that expenditure decisions of neighboring regions have
a positive effect on regions with public schools.

A number of papers (Romer 1990; Cai 1999; Lee, Malin 2013) use Cobb-Douglas pro-
duction function or Feder model (the dual-sector model) to estimate the impacts of edu-
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cation on economic growth. For instance, Cai (1999) modifies Feder models to measure
the impacts of education sector and the impacts of non-education sectors on economic
growth. However, these papers do not consider the spatial effect of regional economic
output. Hence, this paper builds up a more accurate spatial panel estimation based on
Cobb-Douglas production function and Feder model.

In summary, based on previous literature, this paper estimates the impacts of educa-
tional factors on economic growth in China with Cobb-Douglas production function and
Feder model by using spatial panel approach.

2. The model and the data
2.1. The model

In this section, we describe the spatial panel models: spatial autoregressive model (SAR),
spatial error model (SEM) and cumulative effect analysis of spatial estimation.

2.2. Spatial Autoregressive Model (SAR) and Spatial Error Model (SEM)

The spatial autoregressive model mainly discusses whether the dependent variable has the
diffusion phenomena in a region. As a starting point, consider the estimation of a simple
spatial autoregressive model, which ideally, would be of the following form:

Y=pWy+XB+u+n+se, (1)

where Y is the dependent variable (denotes economic output), which is of #x1 dimension,
X is the exogenous explanatory variable of #xk matrix, p is the spatial autocorrelation coef-
ficient, which shows the effects of neighboring regions’ spillovers to the region per se, W is
a spatial weighted matrix of nxn order, usually a contiguity matrix, p is an nTx1 vector of
individual effect, 1 is an #nTx1 vector of time effect, and ¢ is a random error term, which
is of nx1 dimension. The parameter [} reflects the effect of independent variable X on the
dependent variable Y.
The spatial error model can be modeled as:

Y=XB+¢;
e=AWe+p+n+v, 2)

where v is the random error vector of normal distribution, which is of nx1 dimension. A
is the spatial autoregressive coefficient of regression residuals, which measures the effect
of dependent variable’s shock spilled from neighboring regions to the region per se. Other
variables and parameters are the same as they are in the SAR model.

Since spatial effect items are included in spatial panel models, classical economic model
is augmented with spatial effects of the dependent variable to obtain more accurate esti-
mations. Furthermore, the coefficients of spatial panel model are usually measured by the
maximum likelihood estimation (MLEs) (Elhorst 2003; LeSage, Pace 2009). This paper uses
the estimation method in Lee and Yu (2010) to estimate the fixed effect of SAR panel model
so as to avoid inconsistent estimation of variance parameter given that the timespan is short.
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2.3. SAR and SEM Models based on Feder Model

There is difference between the marginal factor productivity of education and non-edu-

cation sector in Feder model. This paper follows the example of Cai (1999) and modifies

the Feder model to estimate the effects of both sectors. The production functions of two
sectors can be modeled as:

N=F(K,L, E); (3)

E=G(K,,L,), (4)

where N and E are inputs of non-education and education sectors, respectively. K and L
are capital investment and labor force. # is non-education sector and e is education sector.
Judging from (4), education input depends on education expenditure and educated labor
force. However, from (3), non-education productivity depends on both sectors. K, L and
Y are modeled as:

K=K, +K,; (5)
L=L,+L; (6)
Y=E+N, (7)

where Y is economic output. According to Feder model, the impacts of labor force and
capital investment on economic growth are modeled as:

Gy /E =G,/ F=1+3, (8)

where Gy, F), G, F, are the impacts of capital investment and labor force on economic
growth in these two sectors. d is the difference between impacts on economic growth in two
sectors. Theoretically, § can be 0, larger than 0, or smaller than 0. If § = 0, the impacts on
economic growth in these two sectors are equal. If § < 0, the impacts on economic growth
is weaker than that of non-productivity. The opposite result applies if & > 0. Substituting
equations (3), (4), (5), (6), and (8) into (7) gives (Cai 1999):

K E
Yg :B1?+Bng+Y(?)°Eg) 9

where [3; is the impact of capital on economic growth in non-education sectors, 3, is the
impact of labor force on economic growth in non-education sector, y is the total contribu-
tion of education to economic growth, including the effects of educational factors and the
difference between impacts of education sector and non-educational sectors, Y,, L, and E
are the growth rate of GDP, labor force and education expenditure, respectively. K/Y is the
ratio of capital investment to GDP, and E/Y is the ratio of education expenditure to GDP.
Equation (10) can be derived based on Feder model with the assumption that the impact
on economic growth in non-education sector is constant.

N=g(L,.K,,E)=E%(L,.K,), (10)
where 0 is the impact of education input. Furthermore, equation (11) is:
ON N
=6(") . (11)

OE E
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Based on equations (10) and (11), equation (9) can be transformed into equation (12),

K ) N E
Y, =B, +B2L +L 5 G(EH-Eg-(N)- (12)

Equation (12) is modified into:
E
Yg =B — +[32L +( -0). E, (?)+9Eg. (13)

Modify (13) based on (1) and (2), the spatial SAR Feder model is written as

E
Yg—pWY +B,— +[32L +( 9).Eg.(?)+9Eg+p+n+g. (14)
The spatial SEM Feder model is:
K o E
YgZBl?"‘Bng o8 -0). E, (?)+6Eg+s; (15)
e=AWe+pu+n+v. (16)

2.4. SAR and SEM Models Based on Cobb-Douglas production function

This paper modifies the Cobb-Douglas production model with spatial matrix to describe
the impacts of educational factors in a more comprehensive way. Economic output is mod-
eled as a function of labor force, capital investment and the measures of educational input
using a multiplicative Cobb-Douglas production function. The production function is writ-
ten as:

Y = A“K*2 B¢, (17)
where Y is economic output, K is capital investment, L is labor force, € is a random error
term, and A is an exogenous factor of knowledge and technology (denotes educational
factors), .}, o, and o are the coeflicients of educational factor, capital investment and
labor force, respectively. This paper follows Lin (2003) and takes natural logarithms of each
variable in equation (17). The production function is transformed into:

LnY =o,LnA+o,InK+o,;InL +¢, (18)

Augment equation (18) with educational factors and moditfy it into spatial model. The
SAR model is therefore of the following form:

LnY =pWLnY +o,InK+0o,InE, +o,InE, +a,InL, +oInL, +a,InS+p+n+e, (19)

where E, is the expenditure on university education, E,, is the expenditure on basic educa-
tion, L, is the number of people with university education, and L, is the number of people
with basic education. Note that the number of people is also divided by education level in
this model. S is the average schooling years. Similarly, the SEM model is:

LnY =a,InK+a,InE, +0o,;InE, +a,lnL, +oslnL, +o,lnS+¢; (20)

e=AWe+pu+n+v. (21)
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2.5. Cumulative effect analysis

Cumulative effect analysis is adopted to analyze the spatial spillover effect of educational

factors on economic growth. The analysis includes estimations of direct, indirect and total

impacts of explanatory variables. A previous study can be found in LeSage and Pace (2009).
Model (1) can be rearranged into:

Y=[Iy-AW)I" (X B+p+n+e). (22)
Direct effect and total effect can therefore be modeled as:
Oy
I [(y AL s (23)
6xjk
9y; -1
=[(Iy =AW)] ! eeyPy. (24)
0x;,

Indirect effect, then, is equal to the difference between total effect and direct effect. I
is an identity matrix of nxn, ey is a matrix of nx1 with all the elements of ey being one.
Other indices of these models are similar to that of equation (1). Direct and total effects
of educational factors are calculated following equation (23) and equation (24), in which
(1, —pW)]! j.jls the j, j-element of the inverse matrix. The indirect effect can be calculated
as the difference between the total effect and the direct effect. Here indirect effect can be
interpreted as the spillover effect of variables, and total effect is the sum of direct effect
and indirect effect.

2.6. The data

This paper uses a panel data of 31 provinces in China spanning from 1996 to 2010. It covers
the three recent five-year plans of China. Data are gathered mainly from China Statistics
Yearbook, China Population Statistics Yearbook, China Labor Statistics Yearbook, and 31
provincial Statistical year books, China Education Statistics Yearbook.

Table 1 provides insight into the data. Economic output (Y) is the value of Gross Do-
mestic Product (GDP). Capital investment (K) denotes the growth amount of capital invest-
ment (e.g., buildings, equipment, and other inventories). Labor force (L) is measured by the
number of people employed. According to the definition of employment in China Statistics
Yearbook, employed people represent all people aged 16 or above who are employed for
payment. The unit is reported in 10 thousand people. Average schooling years (S) is the
total schooling years divided by total population (education affects the total population).
Education expenditure (E) is the total expenditure on education. This expenditure includes
three main resources of education expenditure: the budget education expenditure of local
government, financial allocation to provincial governments from the central government,
and funds from other resources, such as education funds of enterprises and private schools.

Besides, to further analyze the impacts of educational factors, education is also divided
into basic education and university education. Education expenditure includes expenditures
of central government and local government. On the other hand, education expenditure
and labor force are also divided into ones with basic education and with university educa-
tion, which are denoted by E,, E,, L, L,. All expenditures are estimated at 1996 price level.
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Table 1. Description of variables

Variable Definition Unit Symbol

Economic Output Regional GDP output 108 RMB Yuan Y
in 1996 price

Capital Investment Regional capital investment 108 RMB Yuan K
in 1996 price

University education Total regional expenditure on university 108 RMB Yuan E,

expenditure education in 1996 price

Basic education Total regional expenditure on basic 108 RMB Yuan E,

expenditure education in 1996 price

Labors with university Population of employment who have 10 thousands L,

education received university education of people

Labors with basic Population of employment who have 10 thousands L,

education received basic education of people

Labor Population of employment 10 thousands L
of people

Average schooling years ~ The average schooling year of the total Years S

population
Education expenditure Total regional expenditure on education 108 RMB Yuan E

in 1996 price

Furthermore, the binary contiguity matrix is used in the study. It is assumed that one
province is adjacent to several provinces. The impacts of education of surrounding prov-
inces affect the economic growth of the province per se. This spatial weighted matrix W is
modeled in the following way. If two regions are spatially adjacent, its value is 1. Otherwise
the value is 0. Each row of the spatial weighted matrix is normalized (LeSage, Pace 2009).
This matrix is the most widely used one in spatial panel model. This matrix is found in
Ghosh (2010) and related literature.

3. Empirical analysis and results

In this section, spatial autocorrelations of education variables are estimated in global level
and local level. Furthermore, the spatial autoregressive model and spatial error model are
adopted to estimate the impacts of educational factors on economic growth.

3.1. The spatial autocorrelation test of provincial education
expenditure growth and average schooling years

The impacts of educational factor on economic growth and the spatial distribution across
Chinese provinces are the main questions investigated in this paper. The disparities in
spatial distribution of educational factors can be treated as the main driver of the spillover
effect. Thus, the spatial distribution of educational factors is investigated first.
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3.2. Global spatial test of provincial educational factors

To explore the spatial distribution of educational factors, we firstly conduct a Moran’s In-
dex test, which is a widely accepted approach of spatial autocorrelation analysis proposed
by Moran (1950). Table 2 shows that the global Moran’s Index of average schooling years
is positive during 1996 and 2010 at 1% level of significance, while the index of education
expenditure growth indicates mixed effects (not significant during 2001 and 2005, signifi-
cant at 10% level of significance in other periods). Thus, it can be concluded that education
expenditure growth and average schooling years have significant spatial autocorrelation,
and the positive spatial autocorrelation is most remarkable.

Table 2. Global Moran’s Index of education expenditure growth and average schooling year in China
during 1996 and 2010

Education Expenditure Growth Average Schooling Year
1996-2000  2001-2005  2006-2010  1996-2000  2001-2005  2006-2010
Moran’s 0.1877* 0.1000 0.2012* 0.3442+* 0.3536** 0.3466***
Index
Z(I) 1.6564 1.0122 1.7697 2.9724 3.0718 2.9865
P-value 0.0976 0.3115 0.0768 0.003 0.0021 0.0028

Note: *, ** and *** indicate rejection of the null hypothesis at 1%, 5% and 10% level of significance,
respectively.

3.3. Local spatial test of provincial educational factors

In this paper, we try to examine the spatial distribution of educational factors in Mainland
China. The local spatial autocorrelation estimation can further pinpoint the spatial relations
among different provinces. Figures 2-5 shows local Moran’s I index of provincial average
schooling years and education expenditure growth (The local Moran’s I index of provincial
average schooling years is displayed in just one figure, as its clustering types are the same
during the three five-year plans.)

Combining Moran’s scatter plot with local Moran’s index, the clustering LISA maps
are depicted in Figures 2-5, which demonstrates the clustering types of provincial average
schooling years. These clustering types can indicate the agglomeration structure of educa-
tional resources taking into account the spatial relations between neighboring provinces.
Take LH and HH clustering as examples. LH clustering is a region of lower variable value
surrounded by regions of higher variable values. HH clustering is a region of higher vari-
able value surrounded by regions of higher variable values.

It can be seen that China’s average schooling years has a similar spatial structure during
the three five-year plans in Figure 2. Four provinces in the west fall into the category of
LL clustering type (Qinghai, Tibet, Sichuan and Yunnan). Xinjiang falls into HL cluster-
ing type. Hebei and Tianjin in the north fall into HH clustering type. This indicates that
there is a distinct spatial agglomeration region with higher average schooling years in He-
bei province itself and its neighboring provinces. It also indicates that the four provinces
in the west show a trend of spatial agglomeration with lower average schooling years.
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Fig. 2. The Local Moran’s Index of provincial average schooling year during 1996 and 2010
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Fig. 3. The Local Moran’s Index of provincial education expenditure growth during 1996 and 2000
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Fig. 4. The Local Moran’s Index of provincial education expenditure growth during 2001 and 2005
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Fig. 5. The Local Moran’s Index of provincial education expenditure growth during 2006 and 2010

The HL clustering type, Xinjiang, has the highest value among neighboring provinces. In
addition, the values of other provinces are not significant in local Moran’ I index, which
indicates that there is no significant spatial autocorrelation with other regions in China.

Furthermore, Figures 3-5 show the spatial distribution of clustering types of education
expenditure growth. Provinces in the west are gradually changing from LL to HH cluster-
ing type, while Jiangsu is gradually changing from HH to LL. Jiangxi is changing from
insignificant clustering type to HL clustering type. During 2000 and 2005, Heilongjiang and
Liaoning fall into HL, while Hebei and Tianjin are in LL. The figures indicate that national
education expenditure growth is continuously increasing during 1996 and 2010, while these
of provinces in the east show a mixed spatial structure. Education expenditure growth of
provinces in the northeast shows a more positive structure than Hebei and Tianjin. In ad-
dition, Jiangxi has the highest education expenditure growth. It implies that the education
expenditure growth in coastal provinces in southeast China has spillover effects. The effects
spread from central provinces to western provinces, especially to adjacent provinces.

It can be concluded that most provinces in the west have lower quality of human capi-
tal (average schooling years) but increasing education expenditure growth. Moreover, the
agglomeration of higher average schooling years is located in Bohai Rim region. Thirdly,
provinces in the east display a decreasing trend of education expenditure growth and posi-
tive spillover effects.

3.4. Empirical results

To establish spatial regression estimation, global Moran’s I test is conducted to estimate the
spatial correlation of regional economies. The results indicate that GDP and GDP growth
have spatial autocorrelation in Global Moran’s index (pass 5% and 10% significance test).
Therefore, a spatial model is suitable for this study. For the panel data set that covers 31
provinces and spans over 15 years, Hausman test is performed to choose between fixed ef-
fect test and random effect test. The results are in favor of fixed effect model (both p values
are 0). Thus, the spatial panel estimation model with fixed effect is adopted. The range of
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the Variance Inflation Factor (VIF) of the independent variables is [2.4680, 4.5100] in the
model of average schooling years and [1.0570, 4.8060] in the model of education expen-
diture growth. Note that there is no multicollinearity among independent variables. In
addition, Lagrange Multiplier (LM) tests indicate that SAR and SEM models with spatial
fixed effects are suitable for regional panel data (1% level of significance) (Anselin 1996).
The results indicate that the LM-lag result of average schooling years is 311.98 (p value is
0.0000), and the result of LM-err is 121.05 (p value is 0.0000). The LM-lag result of educa-
tion expenditure growth is 179.50 (p value is 0.0000), and the result of LM-err is 204.25
(p value is 0.0000). The results indicate that both spatial autoregressive effect and spatial
error effect exist. Table 3 shows the results of SAR, and Table 4 shows the results of SEM.

Table 3 reveals that dual-sector SAR and SEM models are more accurate estimation
methods than the classical model (adjusted R-square values of SAR and SEM models are
higher than that of classical model). 6, spillover effect of expenditure from education sec-
tor to non-education sectors, is significant in SEM model. It means that a 1% increase of
expenditure in education sector is estimated to increase expenditure in non-education sec-

Table 3. Spatial econometric estimations of dual-sector feder model

Fixed-Effect t-statistics SAR t-statistics SEM t-statistics
K/Y 0.1023*** (16.9165) 0.0646*** (9.8231) 0.1069*** (14.0820)
L 0.2054%** (6.9045) 0.1301%** (5.0374)  0.1193**  (4.7550)
8/(1+8)-0  —0.2931 (-0.7115)  -0.7401**  (=2.1019)  -1.4007***  (-4.1711)
0 -0.0462** (-2.1672) 0.00002 (0.0010) 0.0424** (2.2038)
é -0.2533 -0.4253 -0.5759
Adj-RZ 0.4512 0.7256 0.5683
P 0.4740%* (11.4604)
A 0.6490*** (16.5073)

Note: *, ** and *** indicate rejection of the null hypothesis at 1%, 5% and 10% level of significance,
respectively.

Table 4. Full sample estimation of educational impacts in spatial panel models

Fixed-Effect t-statistics SAR t-statistics SEM t-statistics
K 0.0125** (-2.0984) 0.0080*** (2.985) 0.0068*** (2.8098)
E, -0.0009 (-0.1472) 0.0038 (1.4451) 0.0059** (2.4166)
E, 0.7192%* (32.5363) 0.1061*** (6.8586) 0.0224 (1.1414)
L, -0.0008 (-0.1349) 0.0022 (0.8023) 0.0006 (0.2346)
L, 0.0489 (0.8882) 0.0389 (1.5617) 0.0507** (2.2373)
S 0.5477*** (3.1864) 0.1862** (2.2945) 0.2809*** (3.1241)

Adj-R? 0.9873 0.9976 0.8586

p 0.7994*** (39.4654)
\ 0.9541+%* (121.7134)

Note: *, ** and *** indicate rejection of the null hypothesis at 1%, 5% and 10% level of significance,
respectively.
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tors by approximately 0.0424% considering spatial effect of economic shock. Thus, spillover
effect from education sector to non-education sectors can be regarded as a positive impact
on economic growth. In addition, both p in SAR and A in SEM are positive and significant
at the 1% level, which means that there is significant positive spatial correlation between
economic growth and its shocks among the 31 provinces. It is worth noting that & can be
deduced from equation (14), SAR and SEM models. 3s are all negative, which indicates
that the impact of education sector on economic growth is still lower than that of non-
education sectors. Compared with Cai (1999), the dual-sector difference of impacts on
economic growth is greater, and education expenditure growth has a weaker influence on
economic growth with economic spatial spillover. In addition, both studies demonstrate
that education expenditure growth has significantly increased regional economic growth.

As shown in Table 4, the SAR model provides more accurate results than classical re-
gression, and SEM also has a high adjusted R-square value (0.8586). Both SAR and SEM
estimations show similar impacts of average schooling years on economic output (real
GDP), which are about 0.1862 and 0.2809 and significant at the 1% level. This means
that a 1% increase of average schooling years is estimated to increase economic output by
0.1862% in SAR model and 0.2809% in SEM model. And a 1% increase of capital invest-
ment is associated with a 0.0080% increase of GDP in SAR model and a 0.0068% increase
of GDP in SEM model. The coefficients of average schooling years are higher than that of
labor force and capital investment in both models, which indicates that educated labor force
could improve the regional economic growth. Furthermore, both p in SAR and A in SEM
are positive and significant at the 1% level, which means that there are significantly posi-
tive spatial spillovers of economic output and economic shocks among the 31 provinces.

Compared with Lin (2003) and Cai (1999), the impacts of educational factors are quite
similar. Nevertheless, the effect estimation of the average schooling years in this paper is
slightly higher than previous results due to the spatial spillover effect. Furthermore, expen-
ditures on university education and basic education show different results in SAR and SEM
models. A 1% increase of university expenditure and labor force with basic education is
associated with 0.0059% and 0.0507% increase of GDP in SEM model and a 1% increase
of expenditure on basic education is associated with a 0.1061% increase of GDP in SAR
model. It can be inferred that expenditure on basic education has significant positive im-
pact on regional economic growth considering spillover of economic outputs. Expenditures
on university education and the number of people with basic education affected by spillover
of economic shock, may also affect potential regional economic growth positively.

3.5. Cumulative effect analysis

To further explore the impacts of educational factors and their regional disparities, the
cumulative effect analysis is conducted. Note that direct effect of educational factors indi-
cates the impact on local economic output. Indirect effect represents the indirect impacts
of educational factors on the economic output of other regions through spatial spillover.
Cumulative effect can examine the total impacts of the educational factors of particular
regions on their own economic output as well as the impacts on other regions. Cumulative



842 K. Lv et al. Impacts of educational factors on economic growth in regions of China ...

effect estimations of the whole nation!, eastern region, central region and western region
are shown in Table 5.

It can be seen in Table 5 that regional disparities in cumulative effect of the educational
factors on the economic output are evident. To interpret the results, we take L, as an ex-
ample. If L, of eastern region increases by 1%, a short and direct increase of 0.0911% might
take place in its local economic output. Moreover, an increase of 0.1172% might affect east-
ern neighboring provinces as well. The spillover to neighboring provinces is defined as the
indirect impact coefficient. A 1% increase of L, would cause a 0.2083% increase in eastern
region. It is a more appropriate estimation result with the consideration of the impacts of
spillovers. Compared with other three regions, the number of people who have received
basic education has a significant positive effect on the economic output in eastern region of
China, while it has a significant negative effect on central and western regions of China. It
can be interpreted that a large amount of people, especially those people who do not have
specific skills or higher education, might move to eastern region for temporary well-paid

Table 5. Regional cumulative effect analysis of educational factors

Indicators Impact Nationwide Eastern Central Western
K Direct 0.0101*** 0.1482*** 0.3288*** 0.0089***
Indirect 0.0301** 0.1909** 0.1505*** 0.0210***
Total 0.0402** 0.3390*** 0.47924** 0.0299***
E, Direct 0.0046 -0.0693** 0.0518* 0.0070**
Indirect 0.0137 -0.0893** 0.0236* 0.0165**
Total 0.0183 -0.1586** 0.0754* 0.0235**
E, Direct 0.1343*** 0.2292** -0.0311 0.1207***
Indirect 0.3939** 0.2932** -0.0157 0.2817¢**
Total 0.5282** 0.5224*** -0.0468 0.4023***
L, Direct 0.0030 0.0098 -0.0606 0.0001
Indirect 0.0089 0.0127 -0.0274 0.0003
Total 0.01183 0.0225 -0.0881 0.0004
L, Direct 0.0479 0.0911* -0.3912% —0.4472%¢
Indirect 0.1422 0.1172* -0.1773* -1.0516™**
Total 0.1901 0.2083* -0.5685% -1.4988***
S Direct 0.2372** 0.7154*** 0.8581** 0.7657***
Indirect 0.6953** 0.9177+** 0.3889** 1.7967***
Total 0.9325** 1.6331* 1.2470** 2.5623***

Note: *, ** and *** indicate rejection of the null hypothesis at 1%, 5% and 10% significant level, re-
spectively.

! 31 provinces in mainland China are Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian,
Shandong, Guangdong, Hainan (these 11 provinces are classified as eastern region), Shanxi, Inner Mongolia, Jilin,
Heilongjiang, Anhui, Jiangxi, Henan, Hubei, Hunan, Guangxi (these 10 provinces are classified as central region),
Sichuan, Chongging, Guizhou, Yunan, Tibet, Shaanxi, Gansu, Qinghai, Ningxia, Xinjiang (these 10 provinces are
classified as western region).



Technological and Economic Development of Economy, 2017, 23(6): 827-847 843

jobs (eastern region is the most developed region in China, producing more than half of
China’s economic output). The migrant labor force benefits the economic growth of eastern
region, but reduces the labor force of other regions. Thus, significant negative coefficients
are found for central region and western region.

Table 5 reveals that all the coeflicients of capital investment and average schooling years
are significantly positive, which shows significant spillover effect across all provinces in
China. Expenditure on basic education is not significant in central region but significant
in the whole nation. This reveals that potential cross-region spillover exists between east-
ern region and western region. Furthermore, labor force with basic education has a more
significant impact on economic growth than labor force with university education. The im-
pact of expenditure on basic education is also more significant than that of expenditure on
university education. It can be inferred that basic education might play a more important
role in improving national economic growth than university education in China during
1996 and 2010. It can be explained by two justifications. (1) The average schooling years of
China in 2010 is almost 8 years. It means that a certain amount of labor force could not re-
ceive university education. Thus, basic education plays a more important role in developing
economy by affecting labor force of low education level. (2) Better basic education can also
improve the quality of university education. It can indirectly increase the economic output.

4. Policy implications

(1) Education developments should be encouraged to increase regional economic output
due to two reasons. The first is that the positive impacts (direct and indirect impacts) of
average schooling years are higher than that of labor force and capital investment, enhanc-
ing the level of public education proves to be a key factor in economic growth. Recent
economic development in China, along with the empirical findings, provides evidence for
the argument of Hanushek and Kimko (2000), Hanushek and Woessmann (2008). The
second refers to the fact that education sector benefits non-education sectors on economic
output through positive spillovers from education sector to non-education sectors. Based
on aforementioned findings, three policies are proposed to improve the impacts of educa-
tion on economic growth. Firstly, government should provide more funding to maintain
sustainable growth of public education in China, e.g., education expenditure and teacher
training projects. Besides, for the significant positive effects (direct and indirect impacts) of
expenditure and labor force with basic education, more expenditure should be provided to
develop basic education. Secondly, waste of education resource should be minimized, e.g.,
canceling redundant educational projects, adjusting inefficient management and allocation
of public education expenditure etc. Thirdly, as Chinese education expenditure is mainly
funded by the government (ratio of private education expenditure to public one is just
0.5620% in 2010), the scope of education expenditure sources should be further expanded.
It implies that more private investment might be channeled to participate in competition
of the education market to enhance education quality.

(2) Due to the obvious regional disparities of the level of public education in China,
government should set more supportive policies for less-developed regions so as to reduce
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disparities between eastern-western regions and rural-urban regions, e.g., extra govern-
ment expenditure is required, and schooling quality should be improved in less-developed
regions. Moreover, balanced distribution of educated labor force is also required to narrow
the gaps among different regional economic growth. For example, given the negative im-
pacts of people with basic education in central region and western region, the government
should create more incentives to attract more labor force with basic education, especially
the local labor force, for its economic development. In eastern region, more expenditure on
university education does not seem to be efficient (negative coeflicient in regression). Thus,
the main focus of education in eastern region should be improvement on the quality of
education, e.g., more academic competitions and awards, educational information technol-
ogy and international educational cooperation should be provided to university education,
making full use of the developed economy in eastern region.

(3) Empirical results show significant spatial autocorrelations in education expenditure
and in average schooling years across regions of China. Furthermore, the results indicate
that both basic education expenditure and average schooling years have positive spillover
effects on economic growth nationwide. We can conclude that the impacts of education on
economic growth might be underestimated in existing research. Thus the spatial impacts
of neighboring regions should not be neglected while making education policies. Given
the potential spillover effect of the difference between expenditure on basic education in
eastern region and west region, more policies on regional integration and establishing spill-
over channels of human capital and education expenditure should be encouraged, such
as regional collaborations of schools, cross-regional education projects and contests for
students and teachers.

Conclusions

This paper uses spatial panel model and Feder dual-sector model to estimate the direct
and indirect educational impacts (spillover effect) on economic growth across 31 provinces
in China during 1996 and 2010. The economic impacts of educational factors are divided
into education sector and non-education sectors, basic education and university education.

Judging from the estimation results of the period 1996-2010, education developments
play a central role in economic growth. This paper provides empirical evidences to the
following arguments. (1) Education expenditure and average schooling years are impor-
tant factors in economic development. Both factors have spillover effects on neighboring
regions. Compared with the expenditure on university education, expenditure on basic
education plays a more positive role in economic growth in China. (2) Impact of education
sector on economic growth is still lower than that of non-education sectors. There are posi-
tive spillovers from education sector to non-education sectors taking into account spatial
effects of economic growth shock. (3) Impacts of average schooling years and education
expenditure in spatial panel models are lower than that of previous results (Lin 2003; Cai
1999). It means that economic growth is partially caused by the educational and relative
economic spillover effects of neighboring regions. Aforementioned findings may provide
some suggestions to other developing countries, where the public education sector plays
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an important role in the national economy. These findings can be further utilized by policy
makers to analyze the relation between education and economic growth with spatial spill-
over effect and dual-sector spillover effect.

Note that the spatial spillover effect in this paper is estimated among all Chinese re-
gions. It indicates that the significant spatial impacts of neighboring regions cannot be
neglected. This paper can be further extended to analyze the local spillover effect from one
specific region to another region. Regarding this issue, we can further examine regional
disparity of spillover effect of different educational factors, which may provide more in-
sights into improving the regional education level and the regional allocation of educational
investment and educated labor force. These issues may provide more useful guidance on
policymaking in developing countries.
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