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This paper aims to analyze the relationship between the development of human capital and local innovation across

China. Based on provincial panel data collected from 2000 to 2016, a multivariate regression model was con-

structed based on the OLSmethod to explore the correlation between human capital development and innovation

level on a provincial level. Regression results display a signi􀅫icant positive correlation between the development of

human capital and the improvement of local innovation level in the past 16 years. After taking into account other

determinants of innovation, including the Gross Domestic Product, industrial structure, tax level, and regional

openness, the positive relationship is still robust. On this ground, this paper further discussed regional hetero-

geneity that existed across China by dividing the provinces into Eastern, Middle, and Western regions according

to geographical locations. The regression results showed that human capital generally facilitates the innovation

progress across China, and its in􀅫luence is especially signi􀅫icant in theWestern region, followed by the East region.

The researchers also used alternative indicators of innovation and human capital to increase themain 􀅫indings' ro-

bustness. Meanwhile, the researchers also added interactive terms to the regression model and jointly discussed

the in􀅫luence of external factors such as marketization and high-tech industries on the bene􀅫icial effect of human

capital. The results show that a highly market-oriented economy and a high proportion of high-tech industries'

contribution to GDP will encourage local innovation. Our research indicates that the government should focus on

the development of human capital and industrial upgrading in order to promote the local innovation level, espe-

cially in the eastern and western regions.

© 2020 The Author(s). Published by TAF Publishing.

INTRODUCTION

During the 40 years of reforming and opening, China has

maintained a high pace of economic development. The

Gross Domestic Product of China has soared from 458.76

billion Yuan in 1980 to 98.85 trillion Yuan in 2019. As the

second largest economy in the world, China had been in-

creasing its GDP at a surprising rate of over 6% during the

last decade. Although tremendous achievement has been

made, this country still faces various challenges in the new

are where international competition is 􀅫ierce and innova-

tion plays an unprecedentedly important role in economic

development. Considering that China is still falling behind

internationally in the 􀅫ield of miscellaneous cutting-edge

technologies, the need for innovation, as the momentum

of traditional development weakens, innovation becomes a

necessity for China.

Many recent studies have suggested that knowledge-

intensive economic activities have been rising in a high pace

recently. In many areas, innovation has become the main

driven force of economicdevelopment. Topromote thepace

of innovation and cultivate high-tech industries, theChinese

government has published the National Innovation-driven

Development Strategy Program in May, 2016. In this pro-

gram, the government proposed the key idea that innova-

tion is a “human-oriented” activity and con􀅫irmed the im-

portance of talents. This program calls attention to China’s
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human capital situation: with the greatest population in

the world, China has great potential in the 􀅫ield of human

capital. In 2019, more than 7.58 million people graduated

from universities in China. This number has increased over

794% since 1999, when Chinese universities began to in-

crease their enrollments. However, according to researches

done by Organization for Economic Co-operation and De-

velopment (OECD), in 2017, only 17% of the Chinese popu-

lation from 25 to 64 have received tertiary education, while

this proportion is higher than 40% in developed countries

such as the United States, the United Kingdom, Japan and

Korea. Another research of the World Bank in 2018 ranked

countries according to their human capital level, and China

ranked the 46th. Given that China is insisting on developing

the country through science and education, we can expect

China’s ranking to keep rising in the future.

China has made an enormous amount of investment on ed-

ucation in order to improve its overall technological power.

Under this circumstance, we believe that the relationship

between human capital and innovation level is worth seri-

ous investigation. In this situation, we have concern with

the following problems: to what extent can human capi-

tal boost innovation, and how does the situation change

when the environment changes? Former studies mainly

hold a positive attitude towards that relationship: most re-

searchers believe that human capital has an overall positive

in􀅫luence on innovation level. Nevertheless, there is still

much to explore on the factors that may in􀅫luence the re-

lationship between human capital and innovation. In a vast

country like China, regional differences are prominent, and

the speci􀅫ic effect of human capital across regions can be re-

vealedwith analysis of panel data. In this paper,weused lin-

ear regression models to discuss the relationship between

human capital and innovation on the perspective of space.

Furthermore, we discussed a few other possibly in􀅫luential

factors on innovation and 􀅫inally proposed suggestions for

the government to increase the innovation level and pro-

mote technological advancements.

Our research consists of 5 main parts. First, we de􀅫ine our

variables, create the interaction terms and set up a mul-

tivariate regression model. Secondly, we collect the panel

data of 31 Chinese provinces from 2000 to 2016. Thirdly,

we perform a regressionwith the basicmodel using the OLS

approach and summarize our 􀅫indings on the relationship

between human capital and innovation level. Fourthly, we

divide China into 3 regions and perform regressions with

the basic model for the three regions respectively. We then

compare the regression results and summarize regional dif-

ferences. Fifthly, we add interaction terms to ourmodel and

perform regression with the model with interaction terms.

We perform regression for all provinces and for three re-

gions respectively, and then we compare all the regression

results to summarize the new 􀅫indings on the factors that

in􀅫luence the effect of human capital.

Our research includes the following main 􀅫indings. Firstly,

human capital does have a strong positive relationshipwith

innovation level. Secondly, the effect of humancapital varies

across regions as the economic development level, indus-

trial structure, and marketization level differs around the

country: these factors decide whether talented workers

can work in innovation-oriented environments and make

greater contribution to innovation.

After consulting former studies on the topic of human capi-

tal and innovation, we believe that our research has the fol-

lowing contributions and novelties:

Firstly, we selected a medium scope of view and based

our research on provincial panel data, while former studies

were mainly based on a macroscopic view or a microscopic

view and used data on the national level or focused on en-

terprises.

Secondly, we divided China into regions with speci􀅫ic eco-

nomic environments and considered the relationship be-

tween human capital and innovation level for each region.

We further utilized the regional heterogeneity to analyze

the proper policies for each region and made our sugges-

tions more pointed.

Thirdly, instead of taking human capital as a factor with

􀅫ixed effects, we added special interaction terms to the

model to 􀅫igure out how we can improve the ef􀅫iciency of

human capital.

Finally, we included various controlled variables in our

model to partly exclude in􀅫luences of other variables and

tell the relationship between human capital and innovation

more accurately.

Overall, our study brings a new perspective which helps

people consider the relationship between human capital

and innovation in a mode detailed way and shed light on

policy-making. By analyzing the relationship among hu-

man capital, innovation level and other possible explana-

tory variables, researchers can 􀅫igure out the optimal se-

quence of development and help the factors reach high ef􀅫i-

ciency.

REVIEW OF LITERATURE

According to economist Claudia Goldin, human capital is

“is the stock of habits, knowledge, social and personality

attributes (including creativity) embodied in the ability to

perform labor so as to produce economic value”. Early
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economists like Adam Smith and AlfredMarshall had devel-

oped their own view of human capital and con􀅫irmed the

value of knowledge and skills in production. However, the

modern concept of human capital was proposed in the early

1900s and popularized by economists including (Becker,

1962; Mincer, 1958; Schultz, 1961). In his famous speech

in 1961, Investment in Human Capital, Theodore Schultz

clearly explained the concept of human capital and its im-

portant properties. Furthermore, he discussed the relation-

ship between human capital and economic development.

His research on human capital theory shed light on later in-

vestments in human capital and helped him win the 1979

Nobel Prize in Economic Sciences. Mincer (1958) displayed

the relationship between investment in human capital and

personal income distribution in the 1958 article Invest-

ment in Human Capital and Personal Income Distribution.

Becker (1962), the winner of the Nobel Prize in Economic

Sciences of 1992, systematically investigated human capi-

tal on a large scale and made great contribution to the de-

velopment of modern human capital theory, and his 1964

book Human Capital marked a milestone event in the revo-

lution of human capital investment. After their work, many

economists such as Romer (1989) proposed growthmodels

that include human capital as an important factor.

Although there has been extensive study on the impact of

human capital on economic growth, it should be noticed

that human capital exerts its in􀅫luence in a variety of ways.

Some researchers regarded innovation as an intermediate

stage in the process that human capital facilitates economic

growth; for example, Acemoglu et al. (2012) that human

capital can in􀅫luence economic development directly or in-

directly, in particular through the generation of technol-

ogy. Similarly, Cinnirella and Streb (2017) claimed in their

2017 article that human capital enhances labor productiv-

ity indirectly through the channel of technological change.

However, studies on the precise relationship between hu-

man capital and innovation is relatively scarce. Among for-

mer researches, Dakhli and De Clercq (2004) took an in-

ternational view and pointed out that a positive correlation

exists between human capital and innovation exists at the

country level based on a multi-country study in 2004. An-

other multi-country study done by Teles and Joiozo (2011)

used pooled co-integration tests analyzed pooled data of 27

countries from 1960 to 2000 to support the idea that ed-

ucation hierarchy and innovation are positively correlated;

they further proposed the theory that tertiary education is

the only level of education that is very signi􀅫icant when de-

termining innovation. In 2019, Diebolt and Hippe (2019)

took historical human capital levels since the 19th century

into consideration and revealed the long-run positive im-

pact of human capital on innovation in Europe at a regional

level. Researches focusing on the human capital situation

in China included the study done by Mincer (1958). They

based their research on spatial regression model and sup-

ported the idea that human capital has a signi􀅫icant posi-

tive correlation with innovation on a provincial level. How-

ever, their study cast doubt on the idea that human cap-

ital or innovation boosts economic development of China.

The research of J. Li, Fu, andWei (2016) speci􀅫ically focused

on the impact of R&D personnel among human capital and

con􀅫irmed the positive relationship between the proportion

of researchers and innovation level in enterprises. Also in

2014,Yang (2014) created a division of human capital and

argued that human capital will increase the level of innova-

tion and industrial upgrading overall. He further concluded

that there is a negative relationship between human capital

geographic Gini Coef􀅫icient and innovation level, which sup-

ports the importance of balanced development of human

capital. The 2016 research of P. Li, Zhao, and Wan (2014)

is one of the few papers in the 􀅫ield of human capital that

include interaction terms in linear regressionmodels. They

discussed the in􀅫luence of FDI level on the relationship be-

tweenhuman capital and innovation andprovided evidence

that foreign investment will promote the ability of human

capital to boost innovation.

From former papers, we conclude that existing theories

mainly supported the positive relationship between human

capital and innovation. Considering that former researches

mainly focused on theoretical deduction instead of numer-

ical analysis, to test whether this relationship is supported

by empirical data on a provincial scale, we nowpropose our

main hypothesis.

H1: There is a strong positive relationship between human

capital and innovation level.

However, former studies considered this relationship as an

intermediate step between the growth of human capital and

that of economy. Therefore, the positive relationship be-

tween human capital is generally acknowledged but rarely

investigated. To form a comprehensive understanding of

the relevant factors that in􀅫luences the precise relationship

between human capital and innovation, we take other fac-

tors into consideration. According to Schultz (1961), hu-

man capital belongs to the means pf production; thus, we

can expect a free market to bene􀅫it the 􀅫low of human capi-

tal and optimize the distribution of human capital. The re-

search of Romer (1989) has pointed out that the develop-

ment of non-state owned economy and that of the factor

market have a signi􀅫icant positive effect on the output of hu-
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man capital in an analysis with provincial panel data. In ad-

dition to thatmarketizationwill increase the incomeelastic-

ity of rural inhabitants and therefore increase their income.

Furthermore, the human capital has a signi􀅫icant promotion

effect to industrial upgrading, while a higher marketization

level will strengthen that effect. In accordance to these ben-

e􀅫icial effects of marketization, we estimate that a higher

marketization level will bolster the effect of human capital

on innovation.

H2: A higher marketization level will increase the positive

effect of human capital on innovation.

It is universally agreed that high-tech industries makes

great contribution to innovation. Existing studies indicate

that human capital and high-tech industries support each

other: for example, the 2016 research of Pei demonstrated

the interaction between talent aggregation and high-tech

industries and provided evidence that the development of

high-tech industries will create demand for technology tal-

ents, which will in turn bring momentum for further devel-

opment. The study of Chen and Yang in 2014 also high-

lighted the fact that human capital plays a key role in in-

dustrial upgrading. At the same time, high-tech industries

provide job opportunities for knowledge-oriented person-

nel and offers them a properworking environment tomaxi-

mize their output and apply their professional skills in pro-

duction. However, there is relatively few research that dis-

plays thepositive relationshipbetweenhigh-tech industries

and the output of human capital. Therefore, we expect that

in a region where high-tech industry is well-developed, the

knowledge and skills of labor (which is a key part of human

capital)will have a greater positive in􀅫luence onproduction,

and we will use collected data to test our third hypothesis.

H3: A higher proportion of high-tech industry in the econ-

omywill increase the positive effect of human capital on in-

novation.

Researchers have long noticed the regional variation in

the level of human capital. Apart from researches on the

country level, many researches have discussed the within-

country differences in value generated by human capital.

For example, López-Bazo and Moreno (2007) and Moreno

suggested that substantial spatial variations in returns to

human capital existed amongSpanish regions. Similarly, re-

gional heterogeneity existed in the positive relationship be-

tween human capital accumulation and economic growth;

they further proposed that the positive relationship was

strongest in the West Region of China, and therefore en-

couraged the cross-region transfer of human capital. Fol-

lowing their experience, we conjecture that regional differ-

ence also exists on the relationship between human capital

and innovation. At the same time, according to the theory

of marginal bene􀅫it, we suppose that the marginal bene􀅫it

of human capital is higher in relatively underdeveloped re-

gions, such as the Middle and West regions.

H4: The marginal bene􀅫it of human capital is higher in the

Middle and West regions.

RESEARCHMETHODS

Data

In our research, we mainly used data from the National Bu-

reau of Statistics of China. Our data of GDP, population, the

number of patent applications and approvals, the number of

industrial 􀅫irms above scale, the general 􀅫inancial revenue

of the government, the gross value of import and export

goods, the number of 􀅫irms and the number of state-owned

or collectively-owned 􀅫irms for each province are collected

from theNational Bureauof Statistics of China and theChina

Statistical Yearbook. The data of labor education levels are

collected from China Labor Statistical Yearbook. Moreover,

we used data from economists Gang Fan and Xiaolu Wang

when we used their market index to measure the level of

marketization for each province.

De􀅮initions of Variables

Patent is a form of intellectual property that gives its owner

the legal right to exclude others frommaking, using, or sell-

ing an invention for a limited period of years in exchange

for publishing an enabling public disclosure of the inven-

tion. Typically, when a 􀅫irm or an individual makes innova-

tive progress, theywill apply for a patent to protect their in-

tellectual property. Thus, the number of patents can closely

resemble the innovation level in a region. Although this in-

dex is considered to be controversial as some researchers

pointed out that patents can only represent innovation lev-

els in certain 􀅫ields, it is still the most commonly used stan-

dard. To exclude in􀅫luence of population on the number of

patents, we will choose the number of patent approvals per

10 thousand people to be our indicator for innovation level.

This variable is denoted as PAT in our model, and it is the

explained variable in our model.

In our research, we use the education level of labor as an

indicator for human capital. The education level of labor is

highly accessible, and this index has been adopted by many

researchers as a measure for human capital. The major op-

positions to this measure focus on the fact that education

only represents the cognitive skills of labor, while speci􀅫ic

skills in each industry also contributes to human capital.

However, this indicator is still widely used in recent studies,

and we will use the proportion of labor who received ter-
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tiary education (any kind of education beyond high school)

as ourmeasure for education level. This variable is denoted

as HEDU in our model, and it is considered the key explana-

tory variable in ourmodel. Anotherwidely used index is the

average years of education; however, since the former study

of Teles and Joiozo (2011) and concluded that tertiary ed-

ucation is the only level of education that has a signi􀅫icant

positive in􀅫luence on innovation, we choose to use HEDU as

the explanatory variable.

Many other factors are also considered in􀅫luential to the in-

novation level of a region. Therefore, we will include these

as control variables in our model to better tell the relation-

ship between human capital and innovation level.

GDP: The Gross Domestic Product measures the monetary

value of 􀅫inal goods and services that are bought by the 􀅫inal

user and are produced in a given country or region. GDP is

the most commonly used indicator for economic develop-

ment, and it is widely considered that a higher economic

level will boost the innovation level in a region. Better-

developed regions will provide more job opportunities in

the secondary and the tertiary industries instead of the pri-

mary industry. Similarly, to exclude the in􀅫luence of popu-

lation, we will use the GDP per capita to be our indicator

for economic development, and this variable is denoted as

GDPN in our model. The unit of GDPN is 10 thousand Yuan.

Industrial Structure: The industrial structure of a regionde-

scribes the composition of a country's economic activity. In-

dustries are usually categorized into three basic types ac-

cording to their stage within the production process. It is

widely acknowledged that the proportion of tertiary indus-

try output value in GDP can re􀅫lect the industrial structure

of a region: the higher the proportion is, themore advanced

the industrial structure is. We use the proportion of tertiary

industry output value in GDP as an indicator of the indus-

trial structure, and this variable is denoted as IND in our

model.

Industrial Firms: Many technological breakthroughs hap-

pened in large industrial 􀅫irms. The need for high ef􀅫iciency

in mass production encourages people to seek changes to

their production process and make improvements. We will

use the number of above-scale industrial 􀅫irms (whose an-

nual operating revenue exceeds 20 million Yuan) in each

province as a control variable. Since this variable has large

values, we will calculate the logarithm of this variable to 􀅫it

it to our linear model better. This variable is denoted as

LFIRM in our model.

Government Revenue: Government revenue is money re-

ceived by a government from taxes and non-tax sources to

enable it to undertake government expenditures. Although

other sources exist, the major part of government revenue

still come from taxes. A lower tax value is generally ex-

pected to encourage enterprises to take risks and make in-

novative breakthroughs. We will calculate the ratio of gov-

ernment revenue to GDP in each province as an indicator

of the tax level of a region, and if the ratio is larger, the tax

level will be considered higher. This ratio is denoted as TAX

in our model.

Import and Export Value: The import and export value of a

region can resemble its level of openness. We calculated the

sum of value of imported and exported goods and services

for each province, andwe calculated the ratio of that sum to

the provincial GDP. This ratio is chosen as an indicator for

regional openness in our model. A higher degree of open-

ness is generally expected to facilitate the exchange of ideas

and boost innovation. This ratio is denoted as EXP in our

model.

Apart from these variables, we also included alternative in-

dicators of labor education level and innovation level check

the robustness of our results.

Similar to PAT, the number of patent applications accepted

per 10 thousand people is an alternative indicator of re-

gional innovation level, and it is widely used in former stud-

ies. We will use PATN to denote it in our model.

As mentioned before, education level only partly re􀅫lect the

knowledge and skills of labor. Vocational education or expe-

rience in speci􀅫ic industries also contribute to human cap-

ital. At the same time, the well-being of labor will in􀅫lu-

ence human capital, so factors such as labor health and so-

cial welfare are related to human capital. Given these condi-

tions, there may be other indicators that can re􀅫lect human

capital more comprehensively. The Jorgenson-Fraumeni

Method is extensively used tomeasure human capital inter-

nationally. This method is based on the principle that the

value generated by human capital can be represented by the

expected future earnings of labor. In our research, we col-

lected data of human capital calculated by the J-F Method

from researches done by China Center for Human Capital

and Labor Market Research. This is an alternative indica-

tor of human capital, whichwill be used later in our studies.

This variable is denoted as JF in our model.

To 􀅫indmore speci􀅫ic details about the relationship between

human capital and innovation, we created a few interaction

terms.

Firstly, we take marketization into consideration. Marketi-

zation is a restructuring process that enables state enter-

prises to operate as market-oriented 􀅫irms by changing the

legal environment in which they operate. Marketization in-

dex is a concept introduced by economists Fan Gang and
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Wang Xiaoluwhich re􀅫lects the level ofmarketization in one

region in a comprehensive way. It takes into consideration

the relationship between market and government, the de-

velopment of non-state owned economy, the development

of product markets and factor markets, and the market en-

vironment. We collected data of marketization index from

2000 to 2016 from Fan et al, and this variable is denoted

as MAR in our model. In supplement of that, we introduces

another variable NAT. NAT is the proportion of state-owned

and collectively-owned enterprises in a province. This can

be used as an alternative variable that represents the mar-

ketization level. We collected data of the total number of en-

terprises and the number of state-owned and collectively-

owned enterprises from the National Bureau of Statistics of

China.

At last, to 􀅫ind out how the effect of human capital on in-

novation is in􀅫luenced by the industrial structure, we in-

troduced a new variable HTECH. This variable denotes the

proportion of output value of high-tech industries in Gross

Domestic Production. High-tech industry refers to the sec-

tors characterized by innovative or complex technology and

knowledge-intensive labor force. Compared to IND, this

variable focuses speci􀅫ically on high-tech industries instead

of the whole tertiary industry.

Summary Statistics

As the number of industrial 􀅫irms is a large positive number,

we have taken the logarithm of it to avoid extreme values

and linearize the data. Table 1 below is the summary statis-

tics of all variables that are going to be used in our models:

TABLE 1. Summary statistics of provincial data

Variable Obs Mean Std Dev. Min Max

PAT 527 4.107551 7.091746 0.026119 46.28532

HEDU 496 11.73838 8.714051 0.2 55.87197

GDPN 527 2.878791 2.270101 0.2759 11.8198

IND 510 39.33765 10.04651 1.6 80.2

LFIRM 527 8.520512 1.342991 4.025352 11.08973

TAX 527 0.09014 0.031677 0.043906 0.22734

EXP 527 0.410758 0.477368 0.020233 2.256493

PATN 527 7.614362 12.66769 0.05597 87.0359

JF 527 109.4507 53.36798 38.0283 358.6689

MAR 527 5.851027 2.010834 -0.3 10.92

NAT 186 0.075973 0.045057 0.021851 0.347053

HTECH 372 0.1022029 0.119445 0.0024386 0.5061789

The variables in Table 1 has been explained in 3.2 De􀅫inition of Variables.

Empirical Model

Wewill use least-squares approximationwith the following

two linear regression models.

Basic model

Yit = α0 + α1HEDUit + α2Xit + δ1 + γt + εit

Model with interaction terms

Yit = α0 + α1HEDUit + α2Xit + α3INTERit + α4HEDU−NTERit + δi + γt + εit

In the models above, Y is the dependent variable (which

is PAT in most our regression models), and HEDU, the in-

dicator of human capital, is the explanatory variable. X

represents the controlled variables, including GDPN, IND,

LFIRM, TAX and EXP. INTER represents the interaction term

in our model, which can be MARS, NAT and TIME. Finally,

HEDU_INTER is the product of HEDU and the interaction

term. These variables have all been explained in Chapter

3.2. The subscript i represents provinces; the subscript t

represents years; δi stands for provincial 􀅫ixed effects; γt
refers to time 􀅫ixed effects; and εit a stands for random dis-

turbance.
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EMPIRICAL ANALYSIS

Baseline Results and Analysis

To start with, we examined the correlations of HEDU with

PAT using the basic linear regression model. Then, we

added the controlled variables one at a time to our regres-

sion model. As shown in Table 1 below, the 􀅫irst column

demonstrates the regression results with only the explana-

tory variable HEDU and no controlled variables. In the sec-

ond column, the controlled variable GDPN is added to the

model; in the third column, IND is added to the model; in

the fourth column, LFIRM is added to the model; in the 􀅫ifth

column, TAX is added to the model; and in the sixth column

EXP is added to the model.

TABLE 2. Baseline regression results with basic model

(1) (2) (3) (4) (5) (6)

PAT PAT PAT PAT PAT PAT PAT

HEDU 0.9136*** 0.3588*** 0.3276*** 0.2859*** 0.3010*** 0.2996***

(0.0645) (0.0704) (0.0794) (0.0829) (0.0834) (0.0833)

GDPN 3.4207*** 3.3013*** 3.3647*** 3.3771*** 3.4618***

(0.2685) (0.2834) (0.2852) (0.2850) (0.2904)

IND 0.0950** 0.0809** 0.0836** 0.0729*

(0.0372) (0.0381) (0.0381) (0.0387)

LFIRM -1.2015* -1.2876* -1.5113**

(0.7066) (0.7080) (0.7234)

TAX -23.2050 -24.1573

(15.6895) (15.6820)

EXP 2.0827

(1.4209)

Constant -1.6345 -11.5804*** -1.6176 9.1230 11.2435* 13.2255**

(1.0639) (1.3781) (1.0111) (6.3965) (6.5466) (6.6763)

Observations 496 496 480 480 480 480

R2 0.792 0.847 0.849 0.850 0.851 0.852

Standard errors in parentheses; * p < 0.1, ** p < 0.05, *** p < 0.01

After multiple regression analyses, our hypothesis 1 is

strongly supported. The regression results indicate that the

coef􀅫icients of HEDU are positive in all 6 regressionmodels,

and they are signi􀅫icantly positive at the 1% level. In regres-

sion model 6, the model with all controlled variables, we

discover that the coef􀅫icient for HEDU is 0.2996, nearly 0.3.

This means that a 1% increase in the proportion of labor

that receives tertiary education will result in a 0.3 increase

in the amount of annual patents approved per 10,000 peo-

ple. This matches the hypothesis that human capital level is

positively correlated with innovation. Moreover, some in-

teresting results are revealed by the coef􀅫icients. We 􀅫ind

strong evidence for a 􀅫irm positive relationship between av-

erage GDP and innovation level, because the coef􀅫icients of

variable GDPN is signi􀅫icantly positive in every regression

model that includes it as an explanatory variable.

Moreover, the coef􀅫icient of IND is signi􀅫icantly positive on

the 5% signi􀅫icance level in 3models, and in the sixthmodel

it is positive on the 10% signi􀅫icance level. Since IND rep-

resents the proportion of tertiary industry output value in

GDP, a higher IND value implies a more advanced industrial

structure. So, our regression result corresponds to our ex-

pectation that innovation level will be higher in a region

withmoredeveloped industrial structure. The coef􀅫icient of

LFIRM is negative, and it is signi􀅫icant on the10% level. This

is partially out of our expectation. One possible explanation

we 􀅫ind for this phenomenon is that more innovation hap-

pens, overall, in non-industrial enterprises or enterprises

with relatively smaller scales. In the most developed re-

gions of China, the tertiary industry contributes more than

the secondary industry to GDP. In tertiary industry, 􀅫irms

are usually of smaller scales, but their innovation abilities

can be signi􀅫icantly stronger than traditional industrial en-

terprises, where a system ofmature production process has

been formed in practice for a long time and the space left

for innovation is scarce. The coef􀅫icients of the other two

explanatory variables are not signi􀅫icant at the 10% level,

and to 􀅫igure out their effects on innovation more detailed
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investigation is needed.

Resultswith theBasicModel onRegionalHeterogeneity

To tell how the bene􀅫icial effect of human capital varies

among regions with different geological positions, social

background and degree of economic development, we cre-

ated a partition of 31 Chinese mainland provinces with re-

spect to their location. With the reference to standards set

by the National Bureau of Statistics of China, 13 Provinces

are divided into the East region: Beijing, Fujian, Guangdong,

Hainan, Hebei, Heilongjiang, Jilin, Jiangsu, Liaoning, Shan-

dong, Shanghai, Tianjin, and Zhejiang. 6 Provinces are di-

vided into the Middle region: Anhui, Henan, Hubei, Hunan,

Jiangxi, and Shanxi. At last, 12 Provinces are divided into

the West region: Gansu, Guangxi, Guizhou, Inner Mongolia,

Ningxia, Qinghai, Shaanxi, Sichuan, Tibet, Xinjiang, Yunnan,

and Chongqing. Table 3 shows the regression results after

we apply the model to three regions respectively. Generally

speaking, the East region is the most economically devel-

oped region in China, while the West region is the most un-

derdeveloped; the Middle region lies in between.

TABLE 3. Regression results on regional heterogeneity with the basic model

(1) (2) (3) (4) (5) (6)

East Middle West

HEDU 0.3714*** 0.3024** -0.1339 -0.0325 0.1443** 0.3319***

(0.1243) (0.1461) (0.0831) (0.0731) (0.0599) (0.0639)

GDPN 3.9326*** 4.7394*** 1.0503** 0.2079 0.5801*** -0.0971

(0.5576) (0.6033) (0.4959) (0.3789) (0.2170) (0.2210)

IND 0.0287 -0.0357 0.0485

(0.0702) (0.0341) (0.0327)

LFIRM -2.2615 3.7814*** 1.7333***

(1.6157) (0.5109) (0.5398)

TAX -75.8449** 9.9357 -0.7016

(31.6406) (10.4997) (11.0366)

EXP 5.9966** -9.8968*** 10.8041***

(2.4919) (3.0254) (1.3321)

Constant -16.3715*** 0.2733 5.1758** -29.6061*** -1.3968 -14.0874***

(3.3493) (13.0343) (2.3329) (4.6644) (1.4539) (3.2232)

Observations 208 208 96 96 192 176

R2 0.858 0.867 0.849 0.930 0.729 0.837

Standard errors in parentheses; * p < 0.1, ** p < 0.05, *** p < 0.01

Results from multiple regression analyses suggest us that

the way our explanatory variables correlates to innovation

level varies substantially. In the models with all controlled

variables, the coef􀅫icients of our key variable HEDU is sig-

ni􀅫icantly positive at 5% level in the East region, and in the

West region it is evenmore signi􀅫icant, reaching the level of

1%. In the models with only HEDU and GDPN as variables,

the coef􀅫icients still stay positive at the signi􀅫icance level of

1% and 5% respectively. These results provide convincing

evidence that our Hypothesis 1 stays true for the East and

West region. However, the results for the Middle region ap-

pears interesting, as the coef􀅫icients of HEDU are not signi􀅫-

icant in the Middle region.

To explain this phenomenon, we checked our raw data and

looked for clues among the other coef􀅫icients in the regres-

sion model. Together, they suggest some reasons for our

hypothesis to fail in the Middle region. Some former re-

searches have pointed out that human capital cannot di-

rectly exert its in􀅫luence on economic development; in-

stead, there is an intermediate stage where human capital

􀅫irst facilitates management level, innovation and knowl-

edge spillovers. Then, these factors will boost economic

development. Similarly, we consider the possibility that a

middle stage exists between the increase of human capital

and the increase of innovation. The de􀅫inition of variable

HEDU was given in Chapter 3.2, and it focused on the la-

bor who received tertiary education. However, former re-

searches on human capital theory indicates that cognitive

skills only comprise part of all knowledge and capabilities

owned by labor; their working experience, relevant voca-

tional training and even physical well-being are also factors

that in􀅫luence human capital. On the other hand, innovation
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activity focuses on the application of knowledge. In certain

industries, such as the Internet industry, innovation takes

place at a much higher pace than it does in other industries.

Thus, we deduce on this basis that the industrial structure

of the Middle region causes the coef􀅫icient of HEDU to be

not signi􀅫icant. Over the 17 years under investigation, the

average PAT value of Shanxi Province is about 1.14, ranking

the last in all 6 Middle provinces (any other province has a

value of at least 1.47). However, its average value ofHEDU is

11.40, ranking the 􀅫irst in all 6 Middle provinces (any other

province has a value less than 10). Such an outlier exerts

a powerful in􀅫luence on our linear regression model, espe-

cially under the condition that the Middle region has only 6

provinces and we are applying our model to a small sam-

ple. Shanxi Province is well-known for its coal industry,

which partially explains its low innovation level—coal in-

dustry has a long history and does not leavemuch space for

innovation. Simultaneously, we notice that the coef􀅫icient of

LFIRM, despite being negative in the overallmodel, is signi􀅫-

icantly positive at 1% level in theMiddle region. This strong

contrast indicates that innovation in the Middle region and

East region may be driven by very different forces: in the

Middle region, most innovation happens in large industrial

􀅫irms and in the traditional industry, where practical work-

ing experience overweighs theoretical knowledge learnt in

universities in making technical breakthroughs. In the East

region, emerging industries such as the environmental in-

dustry, information technology industry, bio-industry and

new-energy industry contribute an important part to inno-

vation. These industries are closely connected to tertiary

education and cognitive skills, which explains the positive

coef􀅫icient of HEDU in the East region. For the Western re-

gion, the positive effect of human capital on innovation is

especially obvious, as a key controlled variable GDPN does

not have a signi􀅫icant positive coef􀅫icient here. In provinces

such as Tibet andQinghai, the value ofHEDU is too low to al-

low the existence of innovative enterprises, and their num-

ber of patents remains at a low level among the whole 17

years. To summarize, our hypothesis 4 is partly supported

by regression data here.

In addition to analysis of our key variable HEDU, some co-

ef􀅫icients above provides support for our hypothesis. For

example, the coef􀅫icients of LFIRM in the Middle and West

regions are signi􀅫icantly positive at 1% and 5% level re-

spectively. This 􀅫its our intuition better than the results in

the baseline model, since it is hard to imagine how an in-

crease in the number of large 􀅫irms will harm innovation.

The truth is that large industrial 􀅫irms still do great contri-

bution to innovation levels in the Middle and West regions.

However, since the East region has a great lead in innova-

tion level and large industrial 􀅫irms contribute a relatively

smaller part to innovation there, the linear model under-

estimates the contribution of above-scale industrial 􀅫irms.

The coef􀅫icients of TAX further validates our idea. In the

Eastern region, much innovation comes from small enter-

prises who are much more sensitive to tax levels and risks

than large industrial 􀅫irms. Therefore, the decrease in tax

level has a signi􀅫icant positive effect (at 5% level) on inno-

vation in the Eastern region, while in the other two regions

it has no signi􀅫icant in􀅫luence on innovation level.

Overall, the regional regression results indicate that the re-

lationship between human capital and innovation depends

greatly on the industrial structure of a region. Two things

relies oneachother: Abasic level of humancapital is needed

to allow innovation-driven enterprises to exist, while an ad-

vanced industrial structure is needed to let human capital

fully achieve its potential.

FURTHER STUDY

Model with Interaction Terms and Analysis

InPart 4,wediscussed the general relationshipbetweenhu-

man capital and innovation. From the regression results, we

noticed that the key explanatory variable, human capital,

has different effects on innovation in different regions. To

explore the factors that in􀅫luence the effect of human cap-

ital on innovation, we introduced interaction terms to our

model and created a newmodel, which can be seen in Chap-

ter 4.1.

In traditional economic opinions, an open market will en-

able production factors to 􀅫low freely and achieve a high

production ef􀅫iciency. Human capital, as an important fac-

tor in production, is no exception. In an openmarket where

competition is 􀅫ierce, the subjects ofmarket are encouraged

by potential rewards to make more innovation attempts. In

Chapter 3.2, we have introduced the concept of marketiza-

tion index as well as the variable MAR. Before adding MAR

to our model as an interaction term, we 􀅫irst need to notice

a possible multi-collinearity that exists between MAR and

our key explanatory variable, HEDU. If the two variables are

highly correlated, then a product of them in a linear regres-

sionmodel can greatly harm the effectiveness of our model.

First, we make a test of the collinearity of MAR and HEDU.

We 􀅫irst construct a linear regression model of MAR and

HEDU . The linear regression results proves that the two

variables are strongly positively correlated. To address this

problem, we introduce a new variable MAR_R. With this

model, we de􀅫ine that , and MAR_R represents the residual

of each MAR value. This variable can better re􀅫lect how the
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marketization index of a region compares to the expected

value. If a region has a negative MAR_R value, we consider

its marketization level to be relatively low, while if the value

is positive we consider its marketization level to be rela-

tively high. Then, we de􀅫ine our interaction term . Table 4

below shows the regression results afterwe addMAR_R and

HEDU_INTER1 to our model.

TABLE 4. Regression results of model with MAR_R*HEDU as interaction term

(1) (2) (3) (4)

All East Middle West

HEDU 0.5245*** 0.5798*** 0.0029 0.4363***

(0.0846) (0.1620) (0.0867) (0.0540)

HEDU_INTER1 0.0975*** 0.0796*** 0.1443*** 0.0621***

(0.0140) (0.0247) (0.0314) (0.0118)

GDPN 2.5124*** 3.8442*** -1.1139** -0.2604

(0.2993) (0.6340) (0.4555) (0.1828)

IND 0.0711* 0.0192 -0.0048 0.0090

(0.0363) (0.0683) (0.0313) (0.0272)

LFIRM -1.8695*** -3.4887** 2.7300*** 0.9682**

(0.6809) (1.5980) (0.5224) (0.4533)

TAX -3.0150 -73.1041** 6.4360 24.3496**

(14.9396) (31.1488) (10.2431) (9.6946)

EXP 1.2130 5.4865** -15.2547*** 5.6517***

(1.3479) (2.4488) (2.9219) (1.3033)

MAR_R -0.1701 0.6751 -1.0959** 0.0430

(0.3724) (0.7296) (0.4554) (0.2716)

Constant 14.1684** 23.2675 -20.0789*** -8.6870***

(6.2609) (17.3235) (4.6557) (2.7409)

Observations 480 208 96 176

R2 0.871 0.877 0.947 0.892

Standard errors in parentheses* p < 0.1, ** p < 0.05, *** p < 0.01

The regression results validate our model with interaction

terms. They reveal that the coef􀅫icient of HEDU_INTER1

is positive in all four models, including one overall model

and three respective models for 3 regions. This clearly in-

dicates that a higher market index will strengthen the posi-

tive effect of human capital on innovation. To be speci􀅫ic, if

we use the regression model for all provinces, we can ex-

pect an 1 unit increase in market index to bring about a

0.0975 increase in the coef􀅫icient of HEDU, or an increase

of (0.0975/0.0846) = 1.15 Standard Deviations, which is a

remarkable increase in the ef􀅫iciency of human capital. In

the East region, a 1 unit increase inmarket index can lead to

an increase of (0.0796/0.1620) = 0.49 Standard Deviations,

while this number is 1.66 in the Middle Region and 1.15 in

theWest region. This difference suggests us that market in-

dex has the greatest in􀅫luence on the effect of human capital

in the Middle region, and theWest region ranks the second.

Despite the differences, this strengthening effect of market

index seems to be signi􀅫icant across regions of different lev-

els of economic development. This suggests that increasing

the marketization level can be a generally applicable way

for the government to improve the effect of human capi-

tal and promote the innovation level, and our Hypothesis

2 is strongly supported. Apart from this new discovery, we

􀅫ind the coef􀅫icients of HEDU to stay signi􀅫icantly positive

at 1% in all three models except the one of the Middle Re-

gion, which corresponds to our results in Chapter 4. The

coef􀅫icients and signi􀅫icance levels of other controlled vari-

ables were also similar to that in the baseline model, which

provides evidence that our new model still 􀅫its the overall

situation.

Next, to further examine our hypothesis that industrial

structure is one main deciding factor of the effect of human

capital on innovation, we add HTECH into consideration.

To examine our former assumptions that high-tech indus-

try contributesmore to the economy in the East region than
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it does in the Middle and West regions, we summarized the

data of HTECH for every region, and the results are shown

below. The mean value of HTECH is signi􀅫icantly higher in

the East region (mean = 0.18) than it is in the Middle (mean

= 0.05) andWest (mean = 0.04) regions, which supports our

former assumptions.

Similarly, according to our hypothesis before, HEDU and

HTECH facilitates each other. We expect to see a signi􀅫i-

cant positive relationship between HEDU and HTECH. The

regression results sustains this relationship:

Therefore, to avoid multi-collinearity, we de􀅫ine a HTECHR

to be the residual of HTECH in the regression model of

HTECH and HEDU: . Then, we de􀅫ine that Table 5 shows the

regression results afterwe addHTECHRandHEDU_INTER2

to the baseline model.

TABLE 5. Regression results with HTECHR*HEDU as interaction term

(1) (2) (3) (4)

All East Middle West

HEDU 0.0796 0.0834 0.0537 0.1675***

(0.0814) (0.1432) (0.1069) (0.0471)

HEDU_INTER2 -0.1261 -0.2598 3.6127*** 0.9301***

(0.1627) (0.2269) (0.9692) (0.2526)

GDPN 2.7755*** 3.9968*** 1.3505* 0.0258

(0.3003) (0.6288) (0.6996) (0.1337)

IND 0.0659** 0.0482 -0.0019 -0.0303**

(0.0258) (0.0459) (0.0211) (0.0144)

LFIRM -1.0107 -2.0545 1.7783*** 0.2274

(0.6208) (1.4147) (0.3800) (0.2371)

TAX -5.4321 -46.3975 7.7907 27.8413***

(14.5711) (33.0449) (7.7596) (5.6909)

EXP 2.0970 2.0310 -8.0069** -0.6391

(1.5520) (2.5821) (3.1082) (1.0359)

HTECHR 9.9552* 20.1377** -36.2313** 2.1345

(5.8229) (9.0328) (13.5444) (3.9448)

Constant 7.1710 6.9536 -15.3028*** -2.4602

(5.5363) (10.5762) (3.4800) (2.1894)

Observations 330 143 66 121

R2 0.834 0.853 0.881 0.862

Standard errors in parentheses* p < 0.1, ** p < 0.05, *** p < 0.01

From the regression results, we failed to 􀅫ind a strong pos-

itive relationship between HTECHR and the effect of hu-

man capital on innovation in the Total model and in the

model of the East region. This is because the coef􀅫icients

of HEDU_INTER2 are not signi􀅫icantly positive in the To-

tal and East models. In order to 􀅫igure out the underly-

ing causes of this unusual phenomenon, we looked into the

raw data and drew a scatterplot of the HTECH and HEDU

data. Graph 1 shows their relationship. From graph 1 we

can see that the relationship between HTECH and HEDU is

roughly linear when HEDU is below 20. However, a few out-

liers on the right of the graph severely in􀅫luences the accu-

racy of the linear model. There are a few data points with

HEDU level greater than 30, but their HTECH level are only

around 2, which is far less than the expected value. We

found these outlier in the graph and soon discovered that

these points all represented data of Beijing. This rational-

izes the ourliers: Beijing is the capital and educational cen-

ter of China. Across China, the density of universities is the

highest in Beijing, which gives Beijing a leading HEDU level

in the whole 17 years from 2000 to 2016. In addition to

that, Beijing owns a great number of scienti􀅫ic institutions,

including the Chinese Academy of Sciences, one of the lead-

ing scienti􀅫i research forces in China. Furthermore, many

large enterprises in the Internet industry as well as other

industries choose Beijing as the location of their headquar-

ters in order to enjoy more resources and attract talented

workers. These factors combines to giveBeijing a strongpo-
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sition in the PAT level: from 2000 to 2016, Beijing ranks top

5 in PAT level for every year, and has the leading position for

7 years. However, Beijing does not rely heavily onmanufac-

turing as a capital city, and much of its GDP comes from the

service industry. Thus, Beijing has a relatively low HTECH

levels compared to other cities with high HEDU levels. As

a result, the value of HEDU_INTER2 for Beijing are nega-

tive numberswith large absolute values. These values affect

the coef􀅫icients of HEDU_INTER2 in the regression model.

To deal with this situation, we temporarily excluded Beijing

from regression analysis and acquired new regression re-

sults, which are shown in Table 6 below.

FIGURE 1. Relationship between HEDU and HTECH (Scatterplot)

TABLE 6. Regression results with HTECHR*HEDU as interaction term (Beijing excluded)

(1) (2) (3) (4)

Total Without BJ East Without BJ Middle West

HEDU 0.0035 -0.1267 0.0537 0.1675***

(0.0890) (0.1946) (0.1069) (0.0471)

HEDU_INTER2 1.5974*** 1.2042** 3.6127*** 0.9301***

(0.3558) (0.5837) (0.9692) (0.2526)

GDPN 2.8335*** 4.2575*** 1.3505* 0.0258

(0.2896) (0.6460) (0.6996) (0.1337)

IND 0.0855*** 0.0982* -0.0019 -0.0303**

(0.0292) (0.0589) (0.0211) (0.0144)

LFIRM -0.6448 -1.6457 1.7783*** 0.2274

(0.5987) (1.4508) (0.3800) (0.2371)

TAX -2.7730 -32.5692 7.7907 27.8413***

(14.0764) (34.2266) (7.7596) (5.6909)

EXP 0.3938 1.0118 -8.0069** -0.6391

(1.5206) (2.8342) (3.1082) (1.0359)

HTECHR -9.9433 0.4626 -36.2313** 2.1345

(7.0030) (12.6418) (13.5444) (3.9448)

Constant -1.1552 8.6959 -15.3028*** -2.4602

(5.6703) (16.3329) (3.4800) (2.1894)

Observations 319 132 66 121

R2 0.827 0.845 0.881 0.862

Standard errors in parentheses* p < 0.1, ** p < 0.05, *** p < 0.01
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The new regression results in the total model and East

model 􀅫its our expectations better. The coef􀅫icients of

HEDU_INTER2 are signi􀅫icantly positive at 1% level in the

Total model, the Middle model and the West model, and it

is signi􀅫icantly positive at 5% level in the East model. After

excluding abnormal values from the model, we get a linear

regression result that 􀅫its our intuition better. This model

points out that the proportion of output value of high-tech

industries inGDPwill signi􀅫icantly affect howhumancapital

facilitates innovation across regions. In regionswhere high-

tech industries contribute more to GDP, human capital will

better boost innovation. From the numerical perspective, in

the total model, a 1% increase in HTECHwill lead to a 0.016

increase in HEDU, which is 0.18 times the Standard Devi-

ation. This number is 0.06 in the East Region, 0.34 in the

Middle Region and 0.20 in the West region. The marginal

bene􀅫it of HTECH is higher in relatively underdeveloped re-

gions, which accords to traditional economic views: in the

East region, high-tech industries are better developed, so

themarginal bene􀅫it of HTECHR on the effect of human cap-

ital will be relatively lower.

The new regression results in the total model and East

model 􀅫its our expectations better. The coef􀅫icients of

HEDU_INTER2 are signi􀅫icantly positive at 1% level in the

Total model, the Middle model and the West model, and it

is signi􀅫icantly positive at 5% level in the East model. After

excluding abnormal values from the model, we get a linear

regression result that 􀅫its our intuition better. This model

points out that the proportion of output value of high-tech

industries inGDPwill signi􀅫icantly affect howhumancapital

facilitates innovation across regions. In regionswhere high-

tech industries contribute more to GDP, human capital will

better boost innovation. From the numerical perspective, in

the total model, a 1% increase in HTECHwill lead to a 0.016

increase in HEDU, which is 0.18 times the Standard Devi-

ation. This number is 0.06 in the East Region, 0.34 in the

Middle Region and 0.20 in the West region. The marginal

bene􀅫it of HTECH is higher in relatively underdeveloped re-

gions, which accords to traditional economic views: in the

East region, high-tech industries are better developed, so

themarginal bene􀅫it of HTECHR on the effect of human cap-

ital will be relatively lower.

Robustness Checks

In order to validate our 􀅫indings and better understand

the positive effect of human capital on innovation, we per-

formed a few robustness checks. Table 7 below shows the

results after we change the key explanatory variable from

HEDU to JF in thebaselinemodel. Apart fromHEDU, JF is an-

other variable that re􀅫lects human capital level, as we have

introduced in Chapter 3.2. The advantage of JF is that it cov-

ers more aspects of human capital, while HEDU only takes

the education level of labor into consideration.

TABLE 7. Regression results with baseline model (JF as explanatory variable)

(1) (2) (3) (4)

PAT PAT PAT PAT

Total East Middle West

JF 0.1258*** 0.1037*** 0.0690*** 0.1003***

(0.0127) (0.0237) (0.0136) (0.0160)

GDPN 2.0184*** 3.3041*** 0.6167* -0.3225

(0.2824) (0.6343) (0.3234) (0.2165)

IND 0.0351 0.0229 -0.0311 -0.0066

(0.0345) (0.0642) (0.0264) (0.0297)

LFIRM -1.4491** -0.3007 2.7118*** -0.1248

(0.5908) (1.4218) (0.4411) (0.4873)

TAX -28.0358** -55.4294* 0.7473 11.4022

(13.5974) (29.0002) (8.5233) (9.7950)

EXP 0.0044 4.0011* -11.1488*** 6.0755***

(1.2270) (2.2283) (2.3070) (1.3632)

Constant 5.7925 -6.8190 -23.6601*** -3.5930

(5.7951) (15.4313) (4.0147) (2.9322)

Observations 510 221 102 187

R2 0.870 0.874 0.947 0.842

Standard errors in parentheses* p < 0.1, ** p < 0.05, *** p < 0.01
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In Table 7, the coef􀅫icients for JF in all four models are sig-

ni􀅫icantly positive on 1% level, including theMiddle Region,

which was a counterexample in the baseline model. Af-

ter taking more factors into consideration, the results be-

came more signi􀅫icant: this fact provides convincing sup-

port for our main hypothesis that human capital and inno-

vation level are positively correlated.

Next, we changed the explained variable in the model from

PAT to PATN. As we have de􀅫ined in Chapter 3.2, PATN rep-

resents the number of patent applications accepted, and it

is another index that re􀅫lects the innovation level of a re-

gion. The main difference between PAT and PATN is that

PATwill focusmore on the quality of all patent applications,

as it represents the number of applications rati􀅫ied. PATN

focuses more on innovative attempts made by individuals

or groups. Table 8 below shows the regression results with

the basic model and with PATN as the explained variable.

TABLE 8. Regression results with baseline model (JF as explanatory variable)

(1) (2) (3) (4)

Total East Middle West

HEDU 0.5336*** 0.4288* 0.0032 0.6737***

(0.1350) (0.2212) (0.1902) (0.1185)

GDPN 6.3005*** 9.2392*** 0.2480 -0.4802

(0.4704) (0.9137) (0.9863) (0.4097)

IND 0.0904 0.0577 -0.0831 0.0401

(0.0627) (0.1062) (0.0887) (0.0606)

LFIRM -1.5620 -2.6135 8.8418*** 2.7449***

(1.1718) (2.4469) (1.3301) (1.0006)

TAX -4.1614 -82.6358* 36.9380 2.3585

(25.4029) (47.9178) (27.3346) (20.4581)

EXP 0.0228 4.9839 -26.3040*** 21.4347***

(2.3016) (3.7738) (7.8762) (2.4693)

Constant 13.2166 -12.9075 -69.8999*** -23.1224***

(10.8147) (19.7396) (12.1432) (5.9747)

Observations 480 208 96 176

R2 0.878 0.902 0.894 0.856

Standard errors in parentheses* p < 0.1, ** p < 0.05, *** p < 0.01

The results shown in Table 8 are similar to the results of the

Baseline Model. The coef􀅫icients of HEDU are signi􀅫icantly

positive at 1% level in the Total model and the West model,

while in the East model the coef􀅫icient is signi􀅫icantly pos-

itive at 10% level. In the Middle model, the coef􀅫icient of

HEDU is again not signi􀅫icant. The similarity between Ta-

ble 8 and Table 1 provides support for the stability of our

model.

In Chapter 5.1 we talked about the level of marketization

and took it as an interaction term in our model. At that

time, we used MAR as the variable that denotes marketi-

zation level, and after making some adjustments, we used

MAR_R in our model. To test the stability of our 􀅫indings

above, we used another variable NAT to represent marketi-

zation level. As explained in Chapter 3.2, NAT is the propor-

tion of state-owned and collectively-owned enterprises in a

province. We introduced NAT to our model, and we intro-

duced , to be an interaction term in the model. The regres-

sion results were shown in Table 9 below.

From the regression results we can see that the coef􀅫icient

of HEDU_INTER3 is signi􀅫icantly negative in the Totalmodel

and the East model. Normally, a region with a higher pro-

portion of state-owned and collectively-owned enterprises

will have a relatively low marketization level. Thus, the

negative coef􀅫icients of HEDU_INTER3 again provides sup-

port for our hypothesis that a higher marketization level

will have a positive in􀅫luence on the effect of human capital

on innovation. In the Middle and West regions, the coef􀅫i-

cients of HEDU_INTER3 are not very signi􀅫icant. This phe-

nomenon can be partly explained by our previous assump-

tions: in theMiddle andWest regions, large industrial 􀅫irms

contribute a great part to innovation, and a large proportion

of these 􀅫irms are owned by the state. Under this circum-

stance, a high proportion of state-owned enterprises will

not pose a strong weakening effect on innovation.
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TABLE 9. Regression results with NAT*HEDU as interaction term

(1) (2) (3) (4)

Total East Middle West

HEDU 0.5721*** 0.6382*** -0.0097 0.0846

(0.1275) (0.2172) (0.3020) (0.1708)

GDPN 1.5516** 1.2471 -1.7975 2.2733**

(0.7061) (1.3985) (1.2867) (1.0629)

IND -0.1537 -0.3427 -0.1998 0.1373*

(0.0979) (0.2656) (0.1362) (0.0811)

LFIRM -0.5611 -0.8918 4.3512* 2.4869

(1.5555) (3.4019) (2.1557) (1.7154)

TAX -4.3407 16.6064 -12.8321 -39.4903*

(21.6256) (41.8272) (28.3879) (23.4209)

EXP 0.5226 1.7092 -9.4685 4.3553

(2.7844) (6.7449) (11.4192) (3.3241)

HEDU_INTER3 -7.7687*** -8.1564*** -1.0246 1.2742

(1.1016) (1.8341) (3.7435) (1.8941)

NAT 93.1681*** 72.0293 40.1494 -1.8250

(27.6816) (74.2334) (74.1356) (26.6035)

Constant 5.3625 45.0221 -27.1753 -27.6047

(16.3604) (47.9840) (22.4746) (17.7479)

Observations 180 78 36 66

R2 0.968 0.967 0.960 0.926

Standard errors in parentheses* p < 0.1, ** p < 0.05, *** p < 0.01

Another possible reason is that NAT only represents one as-

pect of marketization, so there may be some extent of dis-

parity between the model with NAT and the model with

MAR_R (the latter provides a holistic view of the problem.)

To summarize, our model passed the three robustness

checks above and produced reasonable regression results.

At the same time, our two hypotheses and a few other 􀅫ind-

ings are further supported in the checks.

MAIN CONCLUSION

In this paper, we discussed the relationship between hu-

man capital and innovation level in China on a provincial

level. After collecting empirical data from 2000 to 2016,

we proposed a linear regression model to analyze the data.

Then, to further investigate regional heterogeneity, we did

regression respectively for the East, Middle and West re-

gions of China and compared the differences among the re-

sults. In order to explore the economic indicators that will

in􀅫luence the relationship between human capital and inno-

vation level, we introduced interaction terms to our regres-

sion model andmademore 􀅫indings. Overall, our main con-

clusions include the following: 􀅫irstly, there is a strong pos-

itive relationship between human capital level and innova-

tion level in China. This 􀅫inding is also clearly supported by

our results in theEast andWest regions, and is partially sup-

ported by our results in the Middle region. Secondly, there

is a strong positive relationship between the marketization

level and the positive effect of human capital on innovation

in China. If one province has a higher marketization level,

then generally the positive effect of human capital on inno-

vation will be stronger there. This relationship is generally

stronger in the Middle and West regions than in the East

region. Thirdly, there is a strong positive relationship be-

tween the proportion of high-tech industry in GDP and the

positive effect of human capital on innovation in China. If

one province has a higher proportion of high-tech industry

in its economy, then generally the positive effect of human

capital on innovation will be stronger there. This relation-

ship is generally stronger in the Middle and West regions

than in the East region.

Apart from these major 􀅫indings, we have a few 􀅫indings

with our controlled variables in themodel. Firstly, there is a

moderate negative relationship between tax level and inno-

vation level in China. This negative relationship is strongly

supported by regression data in the East region, but does

not seem to be signi􀅫icant in the Middle and West regions.

Secondly, there is a strong positive relationship between the

number of above-scale industrial 􀅫irms and innovation level
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in the Middle and the West regions, while the relationship

seems to be insigni􀅫icant in the East region.

IMPLICATIONS AND LIMITATIONS

Following the conclusions above, we have a few suggestions

for the Chinese government to help them improve the inno-

vation level in the country. Firstly, the government should

increase the spending in education and promote tertiary

education across the country, since the positive relation-

ship between human capital and innovation is strongly sup-

ported. Secondly, the government should consider to re-

lax market restrictions, increase market openness, and en-

courage private enterprises to enter the economy. These

approaches will increase the marketization level and there-

fore help human capital better facilitate innovation. Thirdly,

the government should encourage high-tech industry to

grow and offer subsidies for high-tech enterprises in re-

gions where human capital level is high. These approaches

will increase the proportion of high-tech industry in the

economy and provide more opportunities for workers who

have received tertiary education to make innovation. At

last, the government should consider tomakemore govern-

ment investments on education and high-tech industries in

the Middle and West regions, since the marginal bene􀅫it of

human capital is higher in the relatively underdeveloped ar-

eas. For the East region, the government should consider to

lower the level of taxes in order to boost innovation.

Meanwhile, although our investigation provides convincing

support for the bene􀅫icial effect of human capital on innova-

tion, we recognize that our research are still subject to a few

limitations. Firstly, as we used tertiary education as a main

indicator of human capital, other important factors includ-

ing vocational skills and the workforce’s economic or phys-

ical conditions are absent from this model. By consider-

ing human capital on a comprehensive view, future research

may demonstrate how other components of human capital

may contribute to innovation and to what extent will they

facilitate this process. Secondly, due to a relatively small

sample size and a great number of control variables, our

model may receive in􀅫luence from random disturbance and

outliers. To increase the strength of data analysis, further

investigations may be conducted no a city level or similarly

to increase the sample size or be basedupon amore concise,

stabilized model. This may also address the subtle cultural

differences that exists across China’s provinces, which is an-

other factor that we haven’t considered in this research.

REFERENCES

Acemoglu, D., et al. (2012). What does human capital do? a review of Goldin and Katz's the race between education and

technology. Journal of Economic Literature, 50(2), 426-63. doi:https://doi.org/10.1257/jel.50.2.426

Becker, G. S. (1962). Investment in human capital: A theoretical analysis. Journal of Political Economy, 70(5), 9-49. doi:

https://doi.org/10.1086/258724

Cinnirella, F., & Streb, J. (2017). The role of human capital and innovation in economic development: Evidence from post-

Malthusian Prussia. Journal of Economic Growth, 22(2), 193-227. doi:https://doi.org/10.1007/s10887-017-9141-3

Dakhli, M., & De Clercq, D. (2004). Human capital, social capital, and innovation: A multi-country study. Entrepreneurship &

Regional Development , 16(2), 107-128. doi:https://doi.org/10.1080/08985620410001677835

Diebolt, C., & Hippe, R. (2019). The long-run impact of human capital on innovation and economic development in the

regions of Europe. Applied Economics, 51(5), 542-563. doi:https://doi.org/10.1080/00036846.2018.1495820

Li, J., Fu, J., &Wei, P. (2016). Foreign direct investment spillover, human capital threshold and regional innovation ability—an

empirical study based on China’s provincial panel data. Journal of Guizhou University of Finance and Economics(1),

10-18.

Li, P., Zhao, L.-x., & Wan, J.-b. (2014). The impact of innovation factors on industry innovation performances: An empirical

analysis based on Chinesemanufacturing and high technology industries. Studies in Science of Science, 32(4), 604-612.
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